
 
 
 
 
 
 
 
 

ABSTRACT 
 

Effects of a Multicomponent School-Based Intervention on Health Markers, Body 
Composition, Physical Fitness, and Psychological Measures in Overweight and Obese 

Adolescent Females 
 

Jacqueline Beckham Dove, Ph.D.  
 

Committee Chairperson:  Richard B. Kreider, Ph.D. 
 

 
The purpose of this study was to determine whether participation in a 

multicomponent school-based intervention using circuit-resistance training, dietary 

intervention and behavioral modification had an effect on health markers, body 

composition, physical fitness, and psychological measures for overweight/obese 

adolescent females.  Forty-two overweight/obese adolescents participated in the 10-week 

program with assessments completed at 0, 10, and 22 weeks.  Data were analyzed by 

ANOVA repeated measures analysis, with a level of significance set at p < 0.05, and 

presented as means ± SD from baseline.  Statistically significant group x time 

interactions were observed for the following:  body mass (CON 2.82% ± 2.7 vs. EXP 

0.58% ± 2.5, p = 0.021) fat mass (CON 3.64% ± 5.9 vs. EXP -2.66% ± 5.7, p = 0.006), 

percent fat (CON 0.52% ± 4.69 vs. EXP -2.92% ± 4.44, p = 0.024), triglycerides (CON 

44.78% ± 85.11 vs. EXP -9.56% ± 34.99, p = 0.002), HOMA-IR (CON 49.41% ± 69.65 

vs. EXP 17.64% ± 66.76, p = 0.052), physical activity environmental factors (CON -

6.92% ± 18.66 vs. EXP 9.96% ± 27.79, p = 0.039), fruit and vegetable con decisions 



(CON 31.71% ± 49.75 vs. EXP 3.41% ± 47.22, p = 0.043), and dietary protein intake 

(CON -3.28% ± 53.05 vs. EXP 8.15% ± 58.68, p = 0.025).  Time significance 

represented an overall mean increase in body mass (1.6 % ± 3), lean mass (2.7% ± 4), 

bone mineral content (3.6% ± 5) and bone mineral density (3.4% ± 3).  Follow-up testing 

was conducted with a subset of participants (n = 29), after three months.  The 

participants’ revealed statistically significant group x time effects for the pediatric quality 

of life psychosocial health summary score (CON -23% ± 40 vs. EXP 25.3% ± 65, p = 

0.039) and the PACE measurements of physical activity family support (CON -0.64% ± 

24.4 vs. EXP 17.8% ± 19.3, p = 0.027).  This research indicated that overweight/obese 

adolescent females can benefit from both standard physical education and a 

multicomponent program.  However, the participants in the multicomponent program 

observed significantly greater improvements in body composition, triglycerides, and 

insulin sensitivity.   
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CHAPTER ONE 
 

Introduction and Rationale 
 
 

Background 
 
 The worldwide prevalence of overweight and obesity is increasing in both adult 

and pediatric populations, making obesity prevention an international public health 

priority (Campbell, Waters, O'Meara, Kelly, & Summerbell, 2002).  Excess bodyweight 

is currently the sixth most important risk factor contributing to the overall burden of 

disease worldwide with 1.1 billion adults and 10% of children classified as overweight or 

obese (Haslam & James, 2005).  In the United States, the Centers for Disease Control and 

Prevention (CDC) has reported that 16-33% of children and adolescents are overweight 

or obese (Casazza & Ciccazzo, 2006).  The combination of high prevalence of obesity 

with the subsequent adverse consequences has created a public health crisis (Reilly, 

2005).  However, successful treatment of obese children and adolescents can prevent 

adult obesity (Reilly, 2006) and the associated health consequences.     

 Obesity in children impacts health in both the short and long term (Campbell et 

al., 2002), making this the number one nutritional disease of this group.  Associated with 

a range of medical and psychological complications, obesity in childhood and 

adolescence can predispose individuals to serious health problems in adult life.  

Approximately 70% (Reilly, 2006) to 80% (W. H. Dietz, 2004) of obese children will 

become obese adults (Reilly, 2006).  The potential health problems associated with  
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obesity include the following:  type 2 diabetes mellitus, hypertension, dyslipidemia, non-

alcoholic steatohepatitis (Batch & Baur, 2005; Pontiroli, 2004) left ventricular 

hypertrophy, sleep apnea syndrome (SAS), and orthopedic, psychological, and social 

problems (Pontiroli, 2004).   In addition, pediatric obesity promotes the premature 

development of atherosclerosis and metabolic syndrome (MS), significantly increasing 

the risk of cardiovascular disease (CVD) early in life (Mansoub, Chan, & Adeli, 2006).  

However, as prevalence continues to increase annually along with the associated 

consequences, adolescents remain one of the most underserved populations in regards to 

preventive services (Casazza & Ciccazzo, 2006).  Accordingly, the CDC estimates that 

less than 50% of adolescents are regularly physically active.  In order to improve the 

health of these individuals, interventions are needed which modify nutrition and physical 

activity behaviors (Casazza & Ciccazzo, 2006).  

 To prevent childhood obesity from resulting in adult obesity, preventive measures 

should be initiated early since by the time children reach middle school more than 20 

percent of them are obese.  With 97% of U.S. children attending school daily, the school 

environment provides a rich arena for the delivery of standardized health messages 

(Wiecha et al., 2004).  Educating adolescents about the need for physical activity and the 

understanding of nutrition could potentially prevent health problems such as overweight 

and obesity and the subsequent development of chronic diseases.  Although health 

education interventions have shown increases in knowledge, the ultimate goal of these 

programs is to positively impact behavior and health outcomes (Casazza & Ciccazzo, 

2006). 
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 Overweight and obesity among students continue to increase, despite the 

availability of education programs that address the link between food and health.  

Alternative approaches attempt to change or enhance habits that adolescents can continue 

as they mature into adults by providing them with the knowledge and critical thinking 

skills needed to adopt healthy eating and exercise habits (Moreno et al., 2004).  Healthy 

People 2010 (U.S. Department of Health and Human Services, 2000) for example, states 

that “essential nutrition education topics should be integrated into science and other 

curricula to reinforce principles and messages learned in the health units”.  Topics may 

include the Food Pyramid, benefits of a healthy diet, how to choose and prepare healthy 

foods, using food labels, eating healthy foods, and balancing calorie intake with 

appropriate exercise/activity (Moreno et al., 2004).   

 The School Physical Activity and Nutrition Project (SPAN), monitors the 

prevalence of overweight/obesity in school-aged children in Texas, and was used to 

measure prevalence for overweight/obesity in  the Waco-McLennan County Public 

Health District service area.  Results from portion of the data collected in SPAN III for 

eight grade students indicated that there is a high prevalence of overweight children in 

our community.  In addition, Hispanic students were more likely to be at risk for 

overweight or obese in all grade levels.  Recommendations included directing 

interventions towards the Hispanic Community when possible ("McLennan County 

Community Needs Assessment," 2006). 

 The Exercise & Sport Nutrition Lab at Baylor University has been conducting 

extensive studies on the efficacy of the Curves for Women program.  Preliminary results 

from published abstracts have demonstrated that the Curves program is highly effective 
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in promoting weight loss, improving markers of health, and improving fitness 

(Rasmussen, Kreider, Kerksick, & Campbell, 2004).  In response to the growing need for 

fitness opportunities for adolescents, Curves International donated equipment to three 

Central Texas middle schools.  In the previous Curves for Kids intervention, the 

unpublished preliminary analysis indicated that 17.2% of the students were identified as 

overweight (≥ 85th percentile for height and weight) and 29.2% of the students were 

identified as obese (≥ 95th percentile) according to CDC growth charts (Himes & Dietz, 

1994) at baseline testing (n = 494), indicating a high incidence of obesity in the 

adolescent population (Beckham J, Wooddy, Fredenburg, Opusunju, & Kreider, 2006).  

However, there is a need to assess this exercise program specifically with at-risk youth. 

 The purpose of the present study was to assess the effects of conducting a 

multicomponent school-based intervention using circuit-resistance training, dietary 

intervention and behavioral modification for overweight adolescent females at a local 

Hispanic middle school in the Central Texas area.  The previous Curves for Kids, which 

used a similar circuit-resistance training, resulted in improved fitness and health 

outcomes from an exercise only intervention as indicated in preliminary analysis 

(Beckham, Wooddy, Fredenburg, Opusunju, & Kreider, 2006), reinforcing the need for 

an exercise and weight loss intervention in students at high risk of the health 

consequences of being overweight.  Targeted behaviors included increasing fruit and 

vegetable consumption, decreasing dietary fat, increasing activity, and decreasing 

sedentary behavior.  Middle school students were selected as participants for this project 

because research indicates that the engagement in physical activity in middle school 

years is critical in a child’s lifelong level of activity (Tammelin, 2005).  Additionally, it is 
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the point in which obesity and diabetes mellitus begin to become evident in adolescents 

(Tamborlane, 2005).   

 For this study, the intervention was aimed at pupils classified as overweight in 

addition to those already classified as obese.  However, outcomes assessed in terms of 

weight change or body fat changes are ordinarily not as robust as research outcomes 

which specifically target obese students (Sahota, 2001).  Therefore, the present study was 

devised as a group randomized trial so that its effect could be appropriately assessed.  

 
Statement of the Problem 

 
 Does participating in a multicomponent school-based intervention using circuit-

resistance training, dietary intervention and behavioral modification for overweight 

adolescent females significantly improve body composition, health markers, quality of 

life, dietary fat, fruit and vegetable consumption, physical activity, and sedentary 

behaviors in comparison to participating in a traditional physical education class. 

 
Purpose 

 
 The purpose of this study was to determine whether participation in a 

multicomponent school-based intervention using circuit-resistance training, dietary 

intervention and behavioral modification significantly affects body composition, heart 

rate, blood pressure, blood profiles, exercise capacity, quality of life, dietary fat, fruit and 

vegetable consumption, physical activity, and sedentary behaviors of overweight/obese 

(BMI ≥ 85th percentile) adolescent females in comparison to participating in a standard 

physical education (PE) class. 
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General Study Overview 

 This study was conducted as a randomized, match-paired control, parallel group 

prospective study design.  Participants were randomized into a control group attending 

PE class or the multicomponent group after being matched by percent body fat 

determined by DEXA.  The program lasted 10 weeks and included follow-up testing after 

an additional 3 months.   The independent variables were exercise and diet intervention.  

Dependent variables included: estimated dietary energy intake; body composition, bone 

density, and body water assessment; hip and waist anthropometric measurements; resting 

energy expenditure (REE), fasting clinical blood profiles (substrates, electrolytes, muscle 

and liver enzymes, erythrocytes, leukocytes, insulin, and leptin); resting heart rate, 

resting blood pressure, hand grip strength, push-up endurance, curl-up muscular 

endurance, trunk flexibility, aerobic capacity (walk test), and several questionnaires to 

assess standardized pediatric quality of life (PedsQOL), physical activity, sedentary 

behaviors, dietary fat intake, and fruit and vegetable consumption.   

 
Hypotheses 

 
 Based on the outcomes from a number of published studies regarding the separate 

components of a multicomponent school-based intervention, the following hypotheses 

were evaluated:  

H1:  There will be statistically significant reduction in systolic blood pressure and heart 
rate in the experimental group as compared to the control group.   
 
H2:  There will be statistically significant reductions in body weight and fat mass in the 
experimental group as compared to the control group. 
 
H3:  There will be statistically significant increase in fitness (flexibility, hand grip 
strength, push-up endurance, and curl-up endurance) in the experimental group as 
compared to the control group.   
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H4:  There will be statistically significant increase in physical activity (steps per day) in 
the experimental group as compared to the control group. 
 
H5:  There will be statistically significant improvements in aerobic capacity in the 
experimental group as compared to the control group. 
 
H6:  There will be statistically significant improvements in lipids (total, low-density 
lipoprotein cholesterol, high-density lipoprotein cholesterol, and triglycerides) in the 
experimental group as compared to the control group.  
 
H7: There will be statistically significant improvements in metabolic markers (insulin, 
glucose, HOMA-IR, HOMA-B) in the experimental group as compared to the control 
group. 
 
H8:   There will be statistically significant reductions in leptin levels in the experimental 
group as compared to the control group.   
 
H9:  There will be statistically significant improvements in pediatric quality of life 
(physical, emotional, social, and school functioning) in the experimental group as 
compared to the control group.   
 
H10:  There will be statistically significant improvements in physical activity, sedentary 
behavior, fruit and vegetable and dietary fat (self-efficacy, stages of change, and 
decisional balance) in the experimental group as compared to the control group. 
 
H11:  There will be statistically significant improvements in food intake (kcalories, fruit 
and vegetable and dietary fat intake) in the experimental group as compared to the 
control group. 
 
 

Null Hypotheses 
 
H01:  There will be no statistically significant time effect for resting energy expenditure 
in both groups.     
 
H02:  There will be no statistically significant changes in standard clinical chemistries 
assessing general health status. 
 
H03:  There will be no statistically significant differences among expectancy in both 
groups.  
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Delimitations 
 
The research study followed the following guidelines: 

1. There were 42 overweight/obese adolescent female participants; (BMI ≥ 85th 
percentile) based on age-sex specific BMI growth charts, between the ages of 11 
to 16 who participated in this study.   

 
2. Participants were recruited in their PE class and by school announcement.   

 
3. Familiarization and testing sessions were conducted at the student’s middle 

school and in the Exercise & Sport Nutrition Laboratory (ESNL) at Baylor 
University. 

 
4. Participants were matched on age and body fat in each class period and then 

randomly assigned to one of two groups:  experimental or control.  
 

5. Participants in the experimental group participated in a supervised 
multicomponent intervention five days per week using circuit-resistance training 
three times per week, with 1 day of aerobic exercise and 1 day of group 
behavioral modification throughout the investigation. 

 
6. Based on resting energy expenditure, participants were assigned to consume 

energy density diets of 1000, 1200, 1400, or 1600 Calories that was the closest to 
500 kcals minus their REE.   

   
 

Limitations 
 

1. The number of participants that completed the study was limited to those 
volunteers that qualified to be in the study and followed the research guidelines. 

 
2. Participants were overweight/obese (≥ 85th percentile) female adolescents.  

 
3. All participants were approved to participate in physical education classes. 

 
4. Participants were required to participate in the multicomponent intervention five 

days per week using the circuit-resistance training three times per week, with 1 
day of aerobic workout, and 1 day of behavioral modification throughout the 
investigation or to participate in physical education classes.   

 
5. Participants provided dietary information by 24-hour recall with a trained 

registered dietician.  Therefore, memory of food recall posed a limitation. 
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Assumptions 
 

1. Participants followed the weight loss program as specified by the assigned diet 
plan. 

 
2. Participants attended the exercise sessions for the course of the study.  

 
3. Participants fasted for 12 hours prior to baseline testing. 

 
4. Participants refrained from exercise for 48 hours prior to baseline testing. 

 
 

Definition of Terms 
 

1. Bioelectrical Impedance Analysis (BIA) – Body Water Assessment - Procedure 
used to estimate total body water and body fat percentage by measuring bio-
resistance of water and body tissues based on a minute low energy, high 
frequency current (500 micro-amps at a frequency of 50 kHz) transmitted through 
the body (NHANES, 2000). 

 
2. Body Composition – Test used to determine body fat percentage.   It is the 

relative percentage of body weight that is fat and fat-free tissue (NHANES, 
2000). 

 
3. Body Mass Index – An index used to assess weight relative to height.  The 

calculation for BMI is body mass (kg) divided by the square of the height (m), 
usually expressed in the unit kg / m2 (ACSM, 2006b). 

 
4. Decisional balance – Focuses on the benefits (pros) and costs (cons) of a behavior 

(Van Sluijs, Van Poppel, Twisk, Brug, & Van Mechelen, 2005). 
 

5. Dual-energy x-ray absorptiometry (DEXA) – Procedure used for limited x-ray 
technology to determine body composition and bone mineral density (NHANES, 
2000). 

 
6. Fat Mass – Term used to describe the fat weight of the human body (NHANES, 

2000). 
 

7. Feedback Loop – In regards to body weight regulation, a system whereby 
peripheral signals report nutritional information to an integratory center in the 
brain (Korner et al., 2005).  

 
8. Flexibility – The ability to move a joint through its complete range of motion 

(ACSM, 2006b). 
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9. HOMA-B – Homeostasis model assessment for β-cell function.  The 
mathematical formula is: HOMA-B = Insulin (mU/ml) · 20/[glucose (mmol/l) - 
3.5] (Matthews et al., 1985). 

 
10. HOMA-IR – Homeostasis model assessment for insulin resistance.  The 

mathematical formula is: HOMA-R = Insulin (mU/ml) · glucose (mmol/l)/22.5 
(Matthews et al., 1985). 

 
11. Lean Body Mass – Term used to describe the weight of the human body 

excluding the fat mass (NHANES, 2004). 
 

12. Leptin – A 16kd adipocyte protein that inhibits food intake and stimulates energy 
expenditure.  Leptin also has thermogenic actions and regulates enzymes of fatty 
acid oxidation (Korner et al., 2005) 

 
13. Patient-Centered Assessment and Counseling for Exercise (PACE) – 

Questionnaire used to measure stages of change strategies, self-efficacy, 
decisional balance, family influences, and peer influences (Van Sluijs et al., 
2005). 

 
14. Pediatric Quality of Life (PedsQOL) – Questionnaire used to measure health-

related quality of life by assessing four different dimensions:  Physical, 
Emotional, Social, and School Functioning (Varni, Burwinkle, & Seid, 2006a). 

 
15. Predicated Maximal Heart Rate – Calculated as 230-age.  

 
16. Psychometric Assessments – Questionnaires completed by participants to 

determine fruit and vegetable intake, dietary fat intake, physical activity, 
sedentary behavior and quality of life throughout the length of the study.  

 
17. Self-efficacy – A belief in one’s capabilities to organize and execute the course of 

action required to attain a goal.  Within the construct of perceived self-efficacy, 
the causal predictor (motivation) of behavior is one’s belief in the capability to 
perform an act.  General self-efficacy is belief in one's general capacity to handle 
tasks.  Specific self-efficacy refers to beliefs about one's ability to perform 
specific tasks (e.g., driving, public speaking, studying, etc.) (A.  Bandura, 1997). 

 
18. Stages of Change – Based on the Transtheoretical Model, which looks at the 

distribution across stages of change including: precontemplation, contemplation, 
preparation, action, maintenance, and termination (Tung & Gillett, 2005). 

 
19. VO2Peak – Refers to the highest value of oxygen consumption measured during 

an exercise test.  This test is appropriate for children, and was calculated using the 
ACSM walk test formula (ACSM, 2008).  
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20. Waist-to-Hip Ratio – The circumference of the waist divided by the 
circumference of the hips (ACSM, 2008). 

 
21. White Blood Cells – Cells responsible for responding to cellular injury and 

engulfing bacteria.  There are five types of white blood cells:  neutrophils, 
basophils, eosiniphils, lymphocytes, and monocytes. 
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CHAPTER TWO 
 

Review of Literature 
 
 

Prevalence of Pediatric Overweight/Obesity 
 

 The worldwide prevalence of overweight and obesity is increasing in both adult 

and child populations, making obesity prevention an international public health priority 

(Campbell et al., 2002).  Excess bodyweight is currently the sixth most important risk 

factor contributing to the overall burden of disease worldwide with 1.1 billion adults and 

10% of children classified as overweight or obese (Haslam & James, 2005).  Adolescents 

make up approximately 20% of the world’s population (Delisle, 2005) and the emerging 

obesity epidemic in children and adolescents have resulted in worldwide 

recommendations including New Zealand (Utter, Scragg, & Schaaf, 2006), Spain (Neira 

& de Onis, 2006), Canada (Flynn et al., 2006) and England.  In the United States, obesity 

is one of the largest health problems facing Americans.   

 The World Health Organization (WHO) defines youth as ages 10-24 with 

adolescents aged 10-19.  Adolescence is broken up into three developmental stages based 

on physical, psychological, and societal changes.  Early adolescence ranges from 10/13-

14/15 years; middle adolescence from 14/15-17; and late adolescence between 17-21 

years (Delisle, 2005).  The National Center for Health Statistics show that in 1999-2002, 

15.8% of 6-11-year-olds were overweight as well as 16.1% of adolescents aged 12-19 

(Boon & Clydesdale, 2005).  Obesity in children is defined as a body mass index at or 

above the 95th percentile for age and gender.  According to the National Institutes of 
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Health (NIH), the prevalence of obesity in children has dramatically quadrupled over the 

past 30 years, and the incidence of type 2 diabetes (DM2) in adolescents has increased by 

a factor of ten over the past 20 years (Wiecha et al., 2004).   The potential health 

problems associated with obesity include the following:  type 2 diabetes mellitus, 

hypertension, dyslipidemia, non-alcoholic steatohepatitis (Batch & Baur, 2005; Pontiroli, 

2004) left ventricular hypertrophy, sleep apnea syndrome, and orthopedic, psychological, 

and social problems (Pontiroli, 2004).   In addition, pediatric obesity promotes the 

premature development of atherosclerosis and metabolic syndrome (MS), significantly 

increasing the risk of cardiovascular disease (CVD) early in life (Mansoub et al., 2006).  

Furthermore, it has been suggested that 70% (Reilly, 2006) to 80% (W. H. Dietz, 2004) 

of overweight adolescents will become overweight adults, making this a public health 

priority. 

 The prevalence of obesity varies by ethnic group, geographic region, and 

socioeconomic class (W. H. Dietz, Jr. & Gortmaker, 1984) with more childhood obesity 

occurring in large metropolitan areas than in areas with lower population densities.  In 

addition, the prevalence of obesity is predominately lowest in the summer and highest in 

the fall or winter.  Nonetheless, the effect of region, population density, and season 

appears to be independent of race and socioeconomic status (W. H. Dietz, Jr. & 

Gortmaker, 1984).  Lee et al., (2006) assessed height and weight data on 281,630 Los 

Angeles County, CA, public school students collected during school-based physical 

fitness testing in 2001.  Overweight prevalence was 20.6% overall and varied by 

race/ethnicity: 25.2% among Latinos, 20.0% among Pacific Islanders, 19.4% among 

blacks, 17.6% among American Indians, 13.0% among whites, and 11.9% among Asians.  
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Multilevel analysis revealed that the school-level percentage of students enrolled in free 

or reduced-price meal programs was independently associated with overweight, after 

controlling for school-level median household income and student-level demographic 

characteristics (N. E. Lee, De, & Simon, 2006).  However, in regards to treatment, there 

is evidence that families of intermediate and high socio-economic status and intact 

families benefit more from treatment than families sharing other characteristics (Muller, 

Danielzik, & Pust, 2005). 

 
Strategies 

 
  Obesity is the result of an imbalance between energy intake and energy 

expenditure.  Controversial information exists about identifying the strongest energy 

balance aspects influencing body fatness (Rodriguez & Moreno, 2006).  However, animal 

data suggests that modifying obesity risk in individuals through early interventions may 

be possible (M Rosenbaum & Leibel, 1998).  Moreover, the importance of prevention 

and therapy of obesity is emerging because of the high prevalence of metabolic 

complications (Stockli & Keller, 2003).  Childhood interventions as well as studies 

tailored to the needs of specific age, ethnic and economic groups may be the best means 

to reduce the growing obesity epidemic (Boon & Clydesdale, 2005). 

 For the identification of the child who is at risk for obesity, the following factors 

should be considered:  historical (family history), clinical (current adiposity and growth 

pattern), genetic (allelic variations in specific genes), biochemical (eg, leptin), and 

metabolic (eg, low energy expenditure) markers (M Rosenbaum & Leibel, 1998). 

Identifying the environmental factors which increase the tendency of obesity and the 
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corresponding developmental stages allows the environment to be altered which may 

prevent the expression of the obesity tendency (M Rosenbaum & Leibel, 1998). 

 The principal purpose of childhood obesity interventions is to regulate body 

weight and body fat while maintaining adequate nutrition for growth and development 

(Epstein, Myers, Raynor, & Saelens, 1998).   Prepubertal children with presumably little 

nutritional knowledge  sense the number of calories they have consumed and tend to keep 

relatively stable energy consumption (M Rosenbaum & Leibel, 1998), although this 

ability decreases as children get older.  Because of the increased energy needs during 

growth, a child can achieve reductions in adiposity without reducing energy intake 

(Doak, Visscher, Renders, & Seidell, 2006).  During the rapid growth of adolescence, up 

to 45% of skeletal growth takes place and 15-25% of adult height is achieved (Delisle, 

2005).  In addition, 37% of total bone mass may be accumulated (Key & Key, 1994).   

Therefore, the prevention and treatment of obesity and overweight may be easier in 

children than in adults since children are still growing in height (Doak et al., 2006).    

 A chronic disease, obesity results from both environmental conditions (nutrition, 

sedentary life-style, psychological factors) and genetic factors (Stockli & Keller, 2003). 

Recommendations for improving the  implementation of childhood obesity treatments 

includes the application of behavioral choice theory, improving knowledge of response 

extinction and recovery in regards to behavior relapse, individualization of treatment, and 

integration of basic science with clinical outcome research (Epstein et al., 1998).   

 Effective interventions for obesity and prevention of type 2 diabetes (DM2) in 

youth should include parents in both cognitive and behavioral strategies (Seibold, Knafl, 

& Grey, 2003) which may result in positive changes in the physiologic and psychological 
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sequelae of obesity.  Specifically, interventions which modify eating and exercise 

behaviors by replacing unhealthy behaviors with new healthier behaviors allows healthier 

behaviors to persist throughout development and into adulthood (Epstein et al., 1998).   

However, interventions must be long-acting since short-acting therapies (diets) result in a 

regain of body weight in over 90% of individuals (Stockli & Keller, 2003).  

 Strategies in the prevention of obesity in children and adolescents require changes 

in both the microenvironment (eg, housing, neighborhoods, recreational opportunities) 

and the macroenvironment (eg, food marketing, transport systems, urban planning).  

Effective obesity interventions include interventions with family support, a 

developmentally appropriate approach, long-term behavior modification, dietary change, 

increased physical activity, decreased sedentary behavior (Batch & Baur, 2005), and 

avoiding guilt feelings (Stockli & Keller, 2003).  In regards to diet, the most effective 

therapy involves integration of a change of nutrition by reduction of fat and carbohydrate 

intake by a daily energy deficit of 500-1000 kcalories (Stockli & Keller, 2003).   

 In a survey of 940 pediatric health care providers, the majority recommended 

"changes in eating patterns" and "limitations of specific foods” in treatment of 

overweight children and adolescents.   Of these, half or more recommended "low-fat 

diet" and "modest calorie restriction" in adolescents and less than 15% used "very low-

calorie diet." In addition, more than 60% recommended eating interventions for school-

aged children and adolescents and more than 80% followed recommended physical 

activity interventions for all age groups.  Approximately 5% sometimes recommended 

prescription medication and herbal remedies for adolescents although none recommended 

surgery (Barlow, Trowbridge, Klish, & Dietz, 2002). 
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Etiology of Pediatric Overweight/Obesity 
 

 Most human obesity is probably oligogenic (M Rosenbaum & Leibel, 1998) with 

genetic factors explaining approximately 40% (Carraro & Garcia Cebrian, 2003) to 50% 

(Kiess et al., 2001) of individual susceptibility to the disease (Carraro & Garcia Cebrian, 

2003).  Oliogenic inheritance implies that a few genes display a moderate effect on the 

prevalence of the disease (Owen, 2003) with genetic heterogeneity as well as strong 

environmental influences on phenotypic expression (M Rosenbaum & Leibel, 1998).  

The early identification of maternal and fetal genes which regulate fetal nutrition and 

growth, and postnatal genes that regulate appetite, energy expenditure and the 

partitioning of energy intake into fat or lean tissue will help identify the childhood 

obesity risk (Ong, 2006).   Accordingly, identifying systems which oppose weight 

maintenance, the age at which these systems become operant, and the environmental cues 

that affect the regulatory setpoint of these systems, may identify an optimal age to 

therapeutically  prevent a child who is genetically at risk of becoming obese from 

expressing that genetic tendency (M Rosenbaum & Leibel, 1998).   

 Although genes are important in determining susceptibility to weight gain, energy 

balance is determined by energy intake and physical activity (WHO, 2004)  with the 

increasing prevalence of obesity in the United States representing the interaction of these 

genes with an environment that encourages a sedentary lifestyle and consumption of 

kcalories.  Despite the strong genetic influences on one’s susceptibility to obesity, the 

increased  prevalence of obesity over a short time period reflects major changes in 

nongenetic factors, because genetic changes could not occur at this rate  (M Rosenbaum 

& Leibel, 1998).  Therefore, societal changes and the worldwide nutrition transition are 
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the driving forces behind the obesity epidemic (WHO, 2004).   Hence, the apparent 

increase in the fatness of adults and children over the past few decades, coupled with the 

lack of success in maintaining weight loss in previously obese individuals implies that 

the degree of body fat defended metabolically may be altered by manipulation of 

environmental influences (M Rosenbaum & Leibel, 1998). 

 
Adolescent Body Composition 

 
 In order to study adolescent obesity, it is essential to include the measurement of 

body composition.  Evaluation is difficult due to a lack of a gold standard for body 

composition measurement in children (Wells et al., 1999).  The body mass index (BMI) 

assesses weight relative to height, although it should not be used independently to 

determine an individual’s body fatness (Docherty, 1996).  For example, the BMI is lower 

in children/adolescents than in adults, so adult obesity definitions (such as BMI ≥ 30.0) 

should not be applied.  Also, the BMI changes during childhood and adolescence differ 

between boys and girls, requiring age and sex specific reference data (percentile cut off 

points on charts) for interpretation (Reilly, Wilson, Summerbell, & Wilson, 2002).  

However, BMI is recommended as a practical measure of overweight and obesity in 

children, and can be used to monitor individual progress (Batch & Baur, 2005).  It can 

also successfully classify overweight/obese children and adolescents, in regards to 

sensitivity and specificity of identification of the fattest children (Reilly et al., 2002).  

BMI cut off in the upper end of the BMI range (for example, above the 85th percentile) 

has shown to be specific for obesity (low false positive rate) (Reilly et al., 2002).  Indeed, 
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 obesity in childhood is best defined using the BMI percentile relative to national BMI 

reference data (Reilly, 2005).  

 In regards to bioelectrical impedance analysis (BIA), it has been shown that 

current BIA equations do not adequately predict fatness with accuracy in individuals or 

groups of children.  However, BIA may be suitable for assessing short-term changes in 

total body water (TBW) within individuals over time, (precision:  equivalent to < 0.5% of 

TBW) (Wells et al., 1999).  In addition, skinfold and girth measurements, and ratios 

involving these measurements, are commonly used in epidemiological and clinical 

studies as measures of body fat distribution.  However, the reliability of girth 

measurements is greater than for skinfold measurement.  As a consequence, the waist to 

hip ratio is less affected by measurement error than the skinfold ratio (Ferrario, 

Carpenter, & Chambless, 1995).  Dual energy X-ray absorptiometry (DEXA) provides an 

additional means of assessing body composition in both the clinical and laboratory 

setting.  Previous research (Wells et al., 1999) indicated that DEXA and D2O dilution 

showed negligible mean error in measuring fat free mass relative to the 4-compartment 

model.  This suggests that the prototype Hologic DEXA software for children may have 

overcome artifacts of body size previously reported (Wells et al., 1999), which gives a 

valuable tool for the evaluation of body composition in children and adolescents. 

   
Flexibility 

 
 Flexibility is the ability to move a joint through its complete range of motion 

(ACSM, 2006b).  Engaging in resistance training and flexibility exercises at least twice a 

week promotes the maintenance of lean body mass, improves muscular strength and 
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endurance, and preserves  function, facilitating long-term participation in regular physical 

activity and promotion of quality of life (Blair, LaMonte, & Nichaman, 2004).  Recent 

health guidelines suggests that children should accumulate 60 minutes of moderate-

intensity physical activity every day, supplemented by regular activities that promote 

strength,  flexibility and bone strength (Boreham & Riddoch, 2001).  However, the sit-

and-reach test actually measures forward flexion of the trunk instead of measuring the 

range of motion from full flexion to full extension (Docherty, 1996).  Previous research 

(Jones, Stratton, Reilly, & Unnithan, 2005) has found that hip range of motion, trunk 

muscle endurance, lumbar sagital plane mobility, and lateral flexion of the spine were 

identified as significant risk indicators of recurrent low back pain (p<0.05) in adolescents 

(Jones et al., 2005).   

 
Adolescent Overweight/Obesity and Cardiovascular Fitness 

 
 Cardiovascular disease (CVD), the leading cause of mortality worldwide, begins 

early in life but often does not manifest until adulthood (Goodman, McEwen, Huang, 

Dolan, & Adler, 2005).  Accordingly, childhood overweight is associated with the 

atherosclerotic process (Daniels, 2005).  For many individuals, there is a 'tracking' of 

metabolic and lifestyle factors from early age to adulthood, with some individuals 

genetically predisposed.  However, for the youth, obesity and dyslipidemia are generators 

of hypertension, glucose intolerance and complications of atherosclerosis in adulthood 

(Misra, 2000).  In regards to hypertension, elevated blood pressure is defined as resting 

systolic and/or diastolic blood pressure values equal to or exceeding the 95th percentile 

according to gender, age and height, based on the US normative blood pressure tables 



21 

(Genovesi et al., 2005).  Data from NHANES and NHANES III indicated that the mean 

systolic blood pressure was 106.0 (0.3) mmHg and the mean diastolic blood pressure was 

61.7 (0.5) mmHg in adolescents (Muntner, He, Cutler, Wildman, & Whelton, 2004).  If 

the risk factors for CVD and diabetes mellitus (DM) are acquired in childhood (Van 

Horn, Obarzanek, Friedman, Gernhofer, & Barton, 2005), they frequently persist in later 

life and are strong predictors of subclinical atherosclerosis in young adults (Hughes et al., 

2006).   

 In the Bogalusa autopsy study, it was found that the extent of fatty streaks and 

fibrous plaques in the aorta and coronary arteries was associated with BMI (Freedman, 

Dietz, Srinivasan, & Berenson, 1999).  An increased risk of death from cardiovascular 

disease in adults has been found in those whose BMI was greater than the 75th percentile 

as adolescents (Kiess et al., 2001).  Unfortunately, childhood obesity seems to 

substantially increase the risk of subsequent morbidity whether or not obesity persists 

into adulthood (Kiess et al., 2001).  Also, the patterning of cardiovascular risk clustering 

seen among adults is present in healthy adolescents (Goodman, Dolan, Morrison, & 

Daniels, 2005).  High serum cholesterol, particularly low-density lipoprotein-cholesterol 

(LDL-C), remains the major determinant of the atherosclerotic process beginning in 

childhood (Berenson & Srinivasan, 2001).  However, obesity is the predominant correlate 

of cumulative risk in adolescents (Goodman, Dolan et al., 2005).  Therefore, it has been 

suggested that early interventions for cardiovascular health prevention and promotion in 

school-aged children is necessary at the population level (Tak, Yun, An, & Lee, 2005). 
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Adolescent Cardiovascular Health and Lipids 

 For children and adolescents, normal values for lipids are defined according to 

population levels (percentiles).  However, these statistical cut points may be altered by 

age, gender, and racial differences (Haney et al., 2007).  Adverse levels of LDL-C 

increase the incidence of adulthood dyslipidemia, enhancing the prevalence of obesity 

and hypertension seen in adults (Berenson & Srinivasan, 2001).  In addition, roughly 

40% to 55% of children presenting with elevated total cholesterol and LDL-C levels will 

continue to have elevated lipid levels on follow-up.  Nonetheless, screening 

recommendations based on family history fail to detect 30%–60% of children with 

elevated lipids (Haney et al., 2007).  Cardiovascular risk factors, (serum lipid profiles, 

BMI, blood pressure, fasting blood sugar) were measured in 208 school-aged children.  

The percentage risk of the BMI, dyslipidemia and hypertension were highest.  In 

addition, the prevalence rates of total cholesterol and LDL-C were higher in girls than 

boys.  The associations of the BMI, total cholesterol, LDL-C, HDL-C (high density 

lipoprotein cholesterol), triglycerides, systolic and diastolic blood pressures were also 

highly significant.  In addition, the proportion of subjects with 1, 2, 3 and 4 or more risk 

factors were 29.3, 12.5, 2.9 and 1.9%, respectively; therefore, 46.6% had at least one 

more risk factor.  Researchers concluded that the rates of hypercholesterolemia, 

cardiovascular risk groups and obesity prevalence were relatively high (Tak et al., 2005). 

 Davis et al. (2005), has indicated a significant problem with overweight and 

cardiovascular risk in rural schoolchildren.  Anthropometrics and blood pressure were 

measured in 211 children, and fasting glucose and lipid profile in 160 (grades 2 to 11, 

ages 7 to 18 years).  Overweight children were at higher risk for metabolic syndrome 
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(MS) and had more risk factors.   Nearly half the schoolchildren (48%) were overweight 

or obese and 15% had metabolic syndrome (MS).  Although DM wasn’t detected, 14% 

had impaired fasting glucose levels.  In addition, 19% had elevated systolic blood 

pressure and 4% had elevated diastolic blood pressure.  In regards to lipids, 26% had 

high total cholesterol (>170 mg/dL), 20% had high LDL-C (>110 mg/dL), 13% had high 

triglycerides (>150 mg/dL), and 43% had low HDL-C (females, <50 mg/dL; males, <40 

mg/dL) (Davis et al., 2005).  Additional research has shown that a fasting triglyceride 

level of ≥ 150 mg/dL was strongly associated with impaired glucose tolerance (IGT) in 

adolescents (Love-Osborne, Butler, Gao, & Zeitler, 2006).  

 A 6-week inpatient intervention program with dietary restriction and exercise 

therapy (group B, n = 119) led to a significant greater decrease of total and LDL-C levels 

as compared with the 1-year outpatient intervention based on lifestyle changes (group A, 

n = 124).   The control group (n = 65), was studied for 1 year and did not receive an 

intervention.  Total cholesterol (p < 0.001) and LDL-C (p = 0.049) levels significantly 

decreased in the 6-week inpatient intervention group B, whereas triglyceride (p = 0.040) 

and insulin (p = 0.006) levels decreased significantly and were more pronounced in the 1-

year outpatient intervention (group A) which also demonstrated significant increases in 

HDL-C (p < 0.001).   Blood pressure decreased significantly (p < 0.01) in both 

intervention groups (A and B) (Reinehr, de Sousa, & Wabitsch, 2006).   However, in 

regards to lipids, it has been noted that the few trials of exercise are of fair-to-poor 

quality and lipid levels show little or no improvements in children without monogenic 

dyslipidemias (Haney et al., 2007). 
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Overweight Adolescents and Metabolic Disorders 

 Recent evidence has suggested that obesity is second to tobacco use as a 

preventable cause of death in the United States.  During the past decade, an increase in 

the prevalence of type 2 diabetes mellitus (DM2) in adolescents has been observed 

(Daniels, 2005) with a prevalence of 30%  in obese children (Korner et al., 2007).  The 

association of obesity and DM2 is well established and most adolescents with DM2 have 

a BMI in a range considered obese in an adult (Daniels, 2005).  In addition, overweight 

children are likely to have components of the metabolic syndrome (MS) (J. S. Harrell, 

Jessup, & Greene, 2006).  Furthermore, subclinical inflammation is often present in 

obese children and is correlated with MS (Aeberli et al., 2006). 

 Because of the association of childhood obesity with CVD and MS, there has 

been increased recognition of the need to assess and closely monitor children and 

adolescents for risk factors of CVD and components of MS.  Traditional serum/plasma 

biomarkers include total cholesterol, triglycerides, HDL-C, LDL-C, insulin and C-

peptide (Mansoub et al., 2006).  Also, biochemical traits such as plasma alanine 

aminotransferase (ALT), aspartate aminotransferase (AST), gamma glutamyltransferase 

(GGT) and uric acid are associated with obesity, cardiovascular disease risk, metabolic 

syndrome and DM (Middelberg, Medland, Martin, & Whitfield, 2007).  For example, 

serum GGT concentrations have been found to be closely associated with the presence of 

diabetes and cardiovascular risk factors, and these associations are independent of a fatty 

liver measured by ultrasonography (D. J. Kim et al., 2005).  Although there is no single 

standard cut point for abnormal serum ALT, the most commonly used criterion for 

elevated liver chemistry has been defined as ALT or AST > 40 U/L (Schwimmer, 
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McGreal, Deutsch, Finegold, & Lavine, 2005).  Recently, emerging biomarkers have 

been proposed to provide complementary information to that obtained from traditional 

biomarkers.  These biomarkers may provide a more powerful prediction of risk and 

include apolipoprotein AI, apolipoprotein B, leptin, adiponectin, free fatty acids, and 

ghrelin (Mansoub et al., 2006).   

 A 2-week intervention of 16 children included high-fiber, low-fat diet in a 

residential program where food was provided ad libitum with daily aerobic exercise.  

Seven of the 16 children presented with MS.  At the conclusion of the study, MS reversed 

in all 7 subjects in spite of remaining overweight and despite only modest improvements 

in body fat percentage (37.5% ± 1.1% vs. 36.4% ± 1.2%, p < 0.01) and BMI (33.2 ± 1.9 

vs. 31.8 ± 1.9 kg/m2, p < 0.01). These results indicate that a short-term rigorous diet and 

exercise regimen can reverse MS, even in youth without documented atherosclerosis 

(Chen, Roberts, & Barnard, 2006). 

 
Insulin 

 
 Insulin is synthesized by the ß-cells of the Islets of Langerhans.  It is transcribed 

as the precursor protein, proinsulin, which is processed intra-cellularly to form C-peptide 

and insulin.  Insulin is composed of 2 chains linked by di-sulfide bonds, the α-chain is 21 

amino acids and the ß-chain is 30 amino acids.  Insulin is produced and stored in the ß-

cells, and its secretion is stimulated predominately by glucose concentration.   High 

glucose stimulates insulin secretion and transcription while low glucose inhibits 

secretion.  Circulating insulin concentration is proportional to adipocyte volume (Stern, 

Batchelor, Hollander, Cohn, & Hirsch, 1972).   Insulin gains access to the central nervous 

system (CNS) via a saturable transport system and reduces food intake via inhibition of 
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neuropeptide-Y (NPY) expression, enhancement of cholecystokinin (CCK) effects, and 

inhibition of norepinephrine reuptake in hypothalamic neurons (M Rosenbaum & Leibel, 

1998).  Insulin resistance is associated with elevated plasma leptin levels independent of 

body fat mass, although plasma insulin itself does not acutely regulate leptin production 

(Segal, Landt, & Klein, 1996). Insulin resistance was measured by the HOMA-IR index 

(homeostasis model of insulin resistance) which is defined as fasting insulin (µU/ml) 

times fasting glucose (mmol/l) divided by 22.5 (Hanley, Williams, Stern, & Haffner, 

2002; Matthews et al., 1985).  HOMA-IR has been validated in normoglycemic subjects 

against insulin sensitivity measured directly from the euglycemic-hyperinsulinemic 

clamp technique (n = 12, r = 0.83, p< 0.01) and has been widely used in epidemiological 

studies (Hanley et al., 2002). 

 Fasting insulin and HOMA-IR were used as surrogate measures of insulin 

resistance in 2244 subjects aged 9, 13, and 16.  In all age-sex groups, adiposity indices, 

blood pressure (BP), plasma glucose and triglycerides (TG) increased significantly with 

increasing insulin quartiles while HDL cholesterol (HDL-C) decreased.  The overall 

prevalence of MS was 11.5% (95% CI: 10.2-12.9) with no significant differences in the 

prevalence of MS across ages or between sexes.  The researchers (Lambert et al., 2004) 

concluded that the independent contribution of adiposity to clustering of risk factors was 

stronger than that of fasting insulin (or HOMA-IR).  Factor analysis revealed three 

factors (BMI/insulin/lipids, BMI/insulin/glucose and diastolic/systolic BP) consistent 

across ages suggesting that more than one pathophysiologic process underlies MS 

(Lambert et al., 2004). 
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 In a study of 198 obese (BMI ≥ 25) and 78 normal weight adolescents’ ages 14-16 

years, levels of serum leptin, insulin, proinsulin, glucose and lipids were measured and 

compared.  The levels of serum leptin, insulin and proinsulin of obese adolescents were 

significantly higher than those of normal adolescents [(19.94 ± 1.91) microgram/L vs. 

(11.27 ± 2.04) microgram/L, (15.34 ± 1.66) microIU/L vs. (13.17 ± 1.43) microIU/L and 

(16.19 ± 1.64) pmol/L vs. (11.79 ± 1.70) pmol/L respectively].  In addition, the levels of 

blood glucose and triglyceride of obese adolescents were significantly higher than those 

of normal adolescents [(4.63 ± 0.50) mmol/L vs. (4.13 ± 0.33) mmol/L and (1.20 ± 0.56) 

mmol/L vs. (0.90 ± 0.32) mmol/L respectively].  In contrast, levels of serum HDL-C of 

obese adolescents were significantly lower than those of normal adolescents [(1.14 ± 

0.24) mmol/L vs. (1.38 ± 0.26) mmol/L] (J. Zhang, Gao, Guo, & Dong, 2002).  However, 

interventions have been successful.  Twenty-six obese male adolescents  were divided an 

obese exercise group (n = 14) and obese control group (n = 12) to study the effects of 

exercise training on adiposity, insulin resistance, and inflammatory markers [high-

sensitivity C-reactive protein (hs-CRP), interleukin (IL)-6, and tumor necrosis factor 

(TNF)-alpha].  Fourteen lean age-matched male adolescents were also tested.  Exercise 

training for the obese exercise group (n =14), consisted of 6 weeks of jump rope exercise 

(40 min/d, 5 d/wk) which resulted in improved triglyceride and insulin sensitivity and 

increased adiponectin levels (E. S. Kim et al., 2007). 

 
Leptin 

 
 Leptin is an adipocyte protein that inhibits food intake and stimulates energy 

expenditure.  Leptin also has thermogenic actions and regulates enzymes of fatty acid 
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oxidation (Korner et al., 2005).  Leptin, the ob gene product, has  illuminated  the genetic 

basis of childhood obesity as well as the increasing knowledge on the role of 

neuropeptides such as POMC, neuropeptide Y (NPY) and the melanocyte concentrating 

hormone receptors (for example, MC4R) (Kiess et al., 2001).   For instance, alterations in 

the production of or the sensitivity to leptin causes obesity and diabetes in rodents (Segal 

et al., 1996).  Associated with the occurrence of obesity and insulin resistance, leptin is a 

multifunctional polypeptide produced primarily by adipocytes (Chu, Shen, Wu, & Shieh, 

2002).    

 For the initiation of puberty, a critical amount of body fat is necessary (Weise, 

Eisenhofer, & Merke, 2002) and leptin is necessary for pubertal development.  The 

median age at menarche ranges from 12.5 in to 15 and above.  Among girls, the “growth 

spurt” usually occurs 12 to 18 months before the onset of menarche, which occurs 

between 10 to 14 years (Delisle, 2005).  The sympathoadrenal system modulates body fat 

stores and leptin secretion and interacts with adrenocortical androgen production, 

suggesting a possible role in sexual maturation (Weise et al., 2002).  Leptin provides 

information on the availability of fat stores to the hypothalamus and acts as an afferent 

satiety signal regulating appetite and energy expenditure in both rodents and humans (Y. 

Zhang et al., 1994).    Leptin is a candidate for an afferent signal relating adipose tissue 

mass to central systems of energy homeostasis (M Rosenbaum & Leibel, 1998).  For 

example, administering leptin reduces food intake, increases energy expenditure, and 

reduces body fat in Lepob (leptin-deficient) mice (Halaas et al., 1995).  Indeed, the main 

role of this hormone in humans is to signal energy availability in energy-deficient states 

(Kelesidis & Mantzoros, 2006). 



29 

 Hormones that increase leptin expression in adipose tissue include insulin 

(Rentsch & Chiesi, 1996), and glucocorticoids (Kiess et al., 1996).  Leptin concentrations 

are highest in premenopausal females which are higher than postmenopausal females 

which are higher than males.  This difference may be due to a suppressive effect of 

circulating androgens on leptin in the relationship of leptin to fat mass (M. Rosenbaum et 

al., 1996).  However, -adrenergic agonists decrease leptin expression (M Rosenbaum & 

Leibel, 1998).  

 Girls have higher leptin concentrations than boys at all stages of biological 

development which is also seen in the state of obesity (Reiterer et al., 1999).  In 

postpubertal adolescent girls, leptin is related to growth hormone (Barkai & Paragh, 

2006) concentration across the lean to overweight BMI spectrum with higher leptin 

related to lower GH concentrations (Kasa-Vubu, Ye, Borer, Rosenthal, & Meckmongkol, 

2006).   In regards to insulin  resistance, it is associated with elevated plasma leptin 

levels independent of body fat mass, although plasma insulin itself does not acutely 

regulate leptin production (Segal et al., 1996). 

 During puberty, researchers (Heptulla et al., 2001) found that the 24-hour profile 

of circulating plasma leptin levels follows a bimodal pattern with minimal concentrations 

occurring early in the afternoon with a nocturnal elevation starting after midnight and 

culminating early morning.  The nocturnal rise in leptin is paralleled by a nocturnal rise 

in GH and free-fatty acid levels.  Obese adolescent girls have a blunted relative diurnal 

excursion in leptin levels, which may, in part, explain their leptin resistance state 

(Heptulla et al., 2001).   Also, researchers noted that the biphasic leptin decline, exceeded 

the expected level, was independent of puberty, baseline adiposity and changes in 
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adiposity, body composition, rate of weight loss, physical activity scores and insulin 

concentrations. They concluded that the dissociation of the leptin-weight relationship 

during weight loss may have contributed to the general leptin variability in obese 

participants (Holm et al., 2007).  

 Overweight adolescents ages 8 to 16, participated in a 12-week, family-centered, 

lifestyle intervention program.  Anthropometric and metabolic measures were assessed 

before the program in all participants (n = 109) and after the program in a subset of the 

participants (n = 43).   At baseline, 49.5% had multiple risk factors associated with the 

metabolic syndrome, based on a modified definition of the National Cholesterol 

Education Program, and 10% had impaired fasting glucose and/or impaired glucose 

tolerance.  Also, measures of insulin resistance correlated significantly with the risk 

factors of the metabolic syndrome.   The subset (n=43), showed statistically significant 

improvements in body mass index, systolic blood pressure, lipids (total, low-density 

lipoprotein cholesterol, and triglycerides), postprandial glucose, and leptin levels 

(Monzavi et al., 2006).   

 
Physical Activity 

 
 The importance of exercise for health and the long-term management of various 

diseases is well documented and established (Manigandan, Charles, Divya, Edward, & 

Aaron, 2004).  The increase in fat mass in children and adolescents has occurred 

concurrently with a decline in exercise (Watts, Jones, Davis, & Green, 2005).  Low levels 

of physical activity have shown to be associated with increased body fat, BMI and waist 

circumference in pre-school children (Davies, Gregory, & White, 1995).  However, 

associations are more pronounced in older children (Brunet, Chaput, & Tremblay, 2006).  
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Therefore, the function of prescribing exercise as a preventive treatment can be very 

effective in addressing childhood obesity (Carrel & Bernhardt, 2004).  Unfortunately, the 

CDC estimates that less than 50% of adolescents are regularly physically active (Casazza 

& Ciccazzo, 2006).   In addition, adolescent girls decrease physical activity during 

puberty, whereas their weight increases (Kasa-Vubu et al., 2006). 

 Engagement in physical activity has emerged as a critical intervention in obesity 

prevention and reduction programs (Flynn et al., 2006).  Evidence suggests that non-

physically active children are more likely to become non-physically active adults and that 

encouraging the development of physical activity habits in children helps establish 

patterns that continue into adulthood (Watts et al., 2005).  However, children's levels of 

physical activity are highly variable, and may be influenced by an abundance of factors 

including physiological, psychological, sociocultural and environmental determinants.   

Factors to consider include  motivation, barriers to exercise, exercise-related beliefs, 

attitudes, and the formulation of self-perceptions and self-identity towards exercises 

(Manigandan et al., 2004). 

 The protective mechanism of physical activity is obscure and the relationship 

between physical activity and obesity has been labeled as controversial.  Although 

exercise training does not consistently decrease bodyweight or BMI, it is associated with 

beneficial changes in fat and lean body mass (Watts et al., 2005).  Therefore, it is 

hypothesized to protect individuals from the development of obesity by increasing energy 

expenditure and resting metabolic rate and lead to favorable fuel utilization (Watts et al., 

2005).  Nevertheless, there is a need for increased opportunities and encouragement for 

physical activity in the schools and community (Goran, Reynolds, & Lindquist, 1999).  
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BMI data from the National Longitudinal Study of Adolescent Health was measured in a 

cohort of 3345 adolescents (grades 8 to 12) at baseline and 5 years later.  Results 

indicated that for each weekday that adolescents participated in physical education, the 

odds of being an overweight adult was decreased by 5%, while participation in all 5 

weekdays of physical education decreased the odds by 28%.  The greatest reduction of 

being an overweight adult (48%) was impacted by performing wheel-related activities, 

such as rollerblading, roller skating, skateboarding, or bicycling, more than 4 times per 

week (Menschik, Ahmed, Alexander, & Blum, 2008).  However, only 6.4% of middle 

and junior high schools provide daily physical education with only 5.8% of senior high 

schools providing daily physical education.  Unfortunately, even when students 

participate in physical education, they are vigorously active for less than 10% of the time 

(Menschik et al., 2008). 

 
Sedentary Behavior 

 
 The activity of young people declines with age and a considerable number of 

children and adolescents are not adequately active for health benefits (Biddle, Gorely, & 

Stensel, 2004).  Dietz and Gortmaker (1985) noted that adiposity and the amount of time 

spent watching television in adolescence were significantly correlated, even when 

corrected for a history of obesity.  They concluded that television-watching encourages 

inactivity and the consumption of calorically dense foods (W. H. Dietz, Jr. & Gortmaker, 

1985).  However, current prevalence data on sedentary behaviors suggest that total media 

use by young people has not changed greatly in recent years (Biddle et al., 2004).  

Indeed, 
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it was found that most children and adolescents do not exceed recommended daily hours 

of TV viewing and that physical activity is unrelated to TV viewing (Biddle et al., 2004).  

In contrast, a significant relationship was found between childhood obesity and computer 

usage, television watching, total hours in sedentary behavior, and maternal BMI in a 

study of 9-12 year old military dependents (Arluk, Branch, Swain, & Dowling, 2003).  In 

addition, those with low income, especially women of African American and Hispanic 

heritage have the greatest risk of inactivity and obesity (Frenn et al., 2003). 

 A randomized controlled lifestyle-only intervention study was conducted in 21 

adolescents (15 obese subjects and 6 normal weight) to understand the relationship 

among the inflammatory factors, C-reactive protein (CRP), interleukin-6 (IL-6), and 

fibrinogen, and indices of obesity in euglycemic, insulin-resistant adolescents.   Although 

the intervention group maintained their weight, the control group gained weight (p = 

0.02) and a redistribution of body composition and a decrease in insulin resistance were 

observed.  Secondly, elevated circulating concentrations of CRP, fibrinogen, and IL-6 

were all significantly reduced (p ≤ 0.02) in response to intervention, but not in controls.  

The researchers (Balagopal et al., 2005) concluded that a modest lifestyle-only change in 

previously sedentary obese adolescents redistributes the parameters of body composition 

in the absence of weight loss and reverses, at least in part, the inflammatory state in 

association with an improvement of insulin resistance (Balagopal et al., 2005). 

 
Energy Expenditure 

 
 Energy expenditure (EE) is a determinant of energy balance and body 

composition.  In regards to body composition, fat-free mass (FFM) is the major 

determinant of the basal metabolic rate which contributes 50-70% of daily EE (DEE).  In 
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contrast, fat mass (FM) is a significant factor only in obese individuals.  Physical activity 

is the second main variation factor of DEE.  The inter-individual variability of DEE is 

high, even after adjustment for body composition, due to differences in time devoted to 

various physical activities.  However, growth, the thermic effect of food, and 

thermoregulation are considered to be of marginal importance (Vermorel et al., 2005).  

Daily energy expenditure and sleeping energy expenditure were on average 5% higher in 

boys than in girls and 6% higher in spring than in autumn after adjusted for fat-free mass.  

The DEE of adolescents varied with sex, body composition, and season, but not with 

stage of puberty (Bitar, Fellmann, Vernet, Coudert, & Vermorel, 1999).  

 The energy costs and EE associated with various sedentary and physical activities 

were assessed in non-obese, obese, and previously obese adolescents.  Results indicated 

that DEE and EE associated with sleep and sedentary activities are significantly higher in 

obese than in nonobese, but not after adjustment for FFM (Vermorel et al., 2005).  On the 

contrary, obese subjects had 61% lower EE associated with physical activities after 

adjustment for body composition.  The researchers (Vermorel et al., 2005) concluded that 

multidisciplinary weight-reduction programs including moderate energy restriction and 

physical training result in great FM loss, maintenance of FFM, and improvement of 

physical capacities.  However, reductions in organ and tissue metabolic rate and in EE 

associated with the various sedentary and physical activities, may favor body weight 

regain in the less active previously obese subjects (Vermorel et al., 2005).  Also, exercise 

tolerance, defined as a percentage of normal, was measured in 45 children over a 2-year 

time period and was below minimal levels in 64% of girls and 75% of boys.  Likewise, 
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the energy expenditure in regular activity was below the minimal recommendation in 

80% of girls and 65% of boys (Hussey, Gormley, Bell, Roche, & Hoey, 2006). 

 Twenty-six severely obese adolescents, 12 to 16 years old (mean BMI: 33.9; 

41.5% fat mass) followed a 9-month weight reduction program including moderate 

energy restriction and progressive endurance and resistance training (Lazzer et al., 2004).  

Body composition was measured by DEXA, basal metabolic rate by indirect calorimetry, 

and energy expenditure by whole-body indirect calorimetry.   Results indicated that a 

weight reduction program with severely obese adolescents combining moderate energy 

restriction and physical training resulted in body weight and fat mass losses and 

improvement of cardiovascular fitness but did not prevent the decline in EE even after 

adjustment for FFM (Lazzer et al., 2004).   

 
Dietary Interventions and the Overweight Adolescent 

 
 Obesity is the result of an imbalance between energy intake and energy 

expenditure, although controversial information exists about identifying the strongest 

energy balance aspects influencing body fatness (Rodriguez & Moreno, 2006).  The most 

common definition of obesity in childhood is weight in excess of 20% above ideal weight 

for age and gender and skinfold thickness in exceeding the 85th percentile for age and 

gender (Delisle, 2005; Quinzi, 1999).  Unlike the adult, whose energy intake must equal 

output to maintain constant body composition, the energy intake of growing child must 

exceed the energy output which is especially pronounced during the rapid growth periods 

in infancy and adolescence  (M Rosenbaum & Leibel, 1998).  In addition, it is in the 

period of adolescence that nutrient needs are the greatest (Delisle, 2005). 
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 Central mechanisms regulating energy intake and expenditure are affected by 

afferent signals from the gastrointestinal, endocrine, central nervous system and 

peripheral nervous system as well as adipose tissue (M Rosenbaum & Leibel, 1998).  

Therefore, it is unlikely that a pharmacologic agent acting on any single afferent limb in 

this system (eg, catecholaminergic or serotoninergic agonists) will result in prolonged 

maintenance of a reduced body weight.  Specifically, other limbs of the body weight 

regulatory system will actively oppose maintenance of the reduced weight (M 

Rosenbaum & Leibel, 1998). 

 There is not enough evidence to clarify the importance of diet on overweight 

children and adolescents, and conclusions derived are somewhat controversial 

(Rodriguez & Moreno, 2006).  Cross-sectional and longitudinal studies do not show clear 

relationships between energy intake or food composition and body fatness.  To find 

relations between dietary factors and childhood obesity the following must be 

considered: meal patterns and meal frequency, snacking and beverage consumption, fast 

food intake, portion sizes, etc.  However, there is no clear association between different 

aspects of dietary intake and the development of obesity in children and adolescents 

(Rodriguez & Moreno, 2006).   

 Aside from excess kcaloric intake and inactivity, genetics and environment 

predispose a child to be obese.  Therefore, any program or treatment plan must include 

the guardians, who may also be overweight or obese (Quinzi, 1999).   Short-term effects 

on nutritional state seem to be more pronounced in girls than in boys  (Muller et al., 

2005).  Recommendations to treat childhood overweight and obesity include diet, 

exercise and family-based behavior management (Quinzi, 1999).  Diet recommendations 
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have been made regarding diet composition (Chen et al., 2006; Kleiner, 1999; Y. Lee & 

Birch, 2002) and energy density (Stockli & Keller, 2003). 

 The American Academy of Pediatrics (AAP) recommends that children consume 

between 20-30% of energy as dietary fat intake.  Instead, energy from fat should be 

replaced by eating more grain products, fruits, vegetables, low fat dairy products, beans, 

lean meat, poultry, fish, and other protein rich foods (Y. Lee & Birch, 2002).  A high-

fiber, low-fat diet is also recommended (Chen et al., 2006).  Indeed, previous research 

has found that a high-fat meal before exercise, which is common in Western societies, 

may reduce the growth factor response to exercise in children.  This has potential 

implications for growth and development (Galassetti et al., 2006).   In addition, water is 

an essential nutrient and can have an effect on child and adolescent obesity (Kleiner, 

1999).  Therefore, effort should be made to increase water intake.  Solid foods contribute 

approximately 1,000 mL (4 cups) water, with an additional 250 mL (1 cup) coming from 

the water of oxidation.  Several factors may affect water consumption including a poor 

thirst mechanism, dissatisfaction with the taste of water, consumption of the natural 

diuretics caffeine and alcohol, participation in exercise, and environmental conditions 

(Kleiner, 1999). 

 Previous research has stated that children and adolescents should not be placed on 

restrictive diets due to nutritional needs for proper growth and development (Quinzi, 

1999).   Nutritional deficiencies in adolescence may lead to loss of height, osteoporosis, 

and delayed sexual maturation (Herbold & Frates, 2000).   Accordingly, adolescents 

should focus on foods to eat rather than foods to avoid, and increase their understanding 

of suitable weight-control measures (Nowak, 1998).  However, adolescents may benefit 
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more from peer models.  In the United Kingdom, 62% of a survey of adolescents agreed 

with statement, “Experts never agree which foods are good for you” and only 8% 

disagreed (Delisle, 2005).  Hence, perceived communicator similarity is a critical factor 

in nutrition education (Doyle & Feldman, 1994).  The peer-approach model has been 

successful in Latin America reaching both peers of adolescents and youth of the 

community (Delisle, 2005).   

 Body weight (BW) loss is usually associated with significant declines in fat mass 

(FM) and fat-free mass (FFM) (Lazzer et al., 2004).  In a six month study, restriction of 

energy intake to 0.17 MJ/kg and 0.25 MJ/kg of expected body weight for stature, 

impaired the velocity of growth and maturation and lean tissue accretion (Amador, 

Ramos, Morono, & Hermelo, 1990).  However, short-term interventions have been 

successful (Nemet et al., 2005).  Although children and adolescents have increased 

energy needs as they continue growing in height, a child can achieve reductions in 

adiposity without reducing energy intake.  One example of a treatment program without 

drastic behavior changes involves holding energy intake constant during growth in order 

to reduce body mass index (BMI) percentile and adiposity measures (Doak et al., 2006).  

However, another program recommends a high-fiber, low-fat diet (Chen et al., 2006).  In 

regards to diet, the most effective therapy is an integrative concept based on: change of 

nutrition by reduction of fat and carbohydrate intake (daily deficit of 500-1000 kcal) 

(Stockli & Keller, 2003).   

 The effects of a randomized prospective 3-month dietary-behavioral-physical 

activity intervention on anthropometric measures, body composition, dietary and leisure-

time habits, fitness, and lipid profiles were measured in obese children (Nemet et al., 
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2005).   Twenty-four completed the 3-month intervention and were compared with 22 

obese, age- and gender-matched, controls.  At 3 months, there were significant 

differences in changes in body weight (-2.8 ± 2.3 kg vs. 1.2 ± 2.2 kg), BMI (-1.7 ± 1.1 

kg/m2 vs. -0.2 ± 1.0 kg/m2), body fat percentage (from skinfold tests; -3.3 ± 2.6% vs. 1.4 

± 4.7%), serum total cholesterol level (-24.6 ± 15.1 mg/dL vs. 0.8 ± 18.7 mg/dL), low-

density lipoprotein cholesterol level (-23.3 ± 15.2 mg/dL vs. -3.7 ± 17.3 mg/dL), and 

fitness (215 ± 107 seconds vs. 50 ± 116 seconds) in the intervention group versus the 

control group.  After a 1-year follow-up period, there were significant differences 

between the intervention group (n = 20) and the control group (n = 20) in body weight 

(0.6 ± 6.0 kg vs. 5.3 ± 2.7 kg), BMI (-1.7 ± 2.3 kg/m2 vs. 0.6 ± 0.9 kg/m2), and body fat 

percentage.  There was a significant increase in leisure-time physical activity among the 

intervention participants, compared with a decrease among the controls (Nemet et al., 

2005).   

 
Social Stigma of Overweight and Obesity 

 
 Adolescent obesity may affect future socioeconomic and marital status in both 

males and females.  In addition, females are more likely to have lower household 

incomes and had higher rates of household poverty if overweight during adolescence 

(Gortmaker, Must, Perrin, Sobol, & Dietz, 1993).  Despite increasing trends in the 

prevalence of overweight and obesity, fatness phobia is common during female 

adolescence with a stigma to female fatness (Ryan, Gibney, & Flynn, 1998). 

 Unhealthy weight control practices have been observed in normal, underweight, 

and overweight girls.  Techniques include random avoidance of staple foods, fasting, 

smoking and purging (Ryan et al., 1998).  Dieting to control weight, binge eating, and 
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dietary intake were assessed in a prospective study of 8203 girls and 6769 boys 9 to 14 

years of age.  During 3 years of follow-up, dieters gained more weight than nondieters 

(Field et al., 2003).   Previous research has implied that reported weight-reduction efforts 

by adolescents are more likely to result in weight gain than in weight loss.  Additionally, 

girls who labeled themselves as dieters at baseline were approximately 3 times more 

likely than nondieters to become overweight (Stice, Cameron, Killen, Hayward, & 

Taylor, 1999).   In a study of 2,004 high school students, dieting and compulsive eating 

were both related to feelings of failure (Kagan & Squires, 1984).  Therefore, adolescents 

should be empowered through education and skill development to assume more 

responsibility for their own health behaviors (McCrindle, 2001), which may in turn 

address these concerns. 

It is essential that the messages of health not become “Healthism”, wherein health 

becomes a religion or the most important aspiration of life (Delisle, 2005).  Ironically, in 

spite of improvements in collective health, there has been a decline in well-being and 

satisfaction with personal health (Delisle, 2005).  Overemphasis and overreaction to 

health may be a societal concern whereby the over-emphasis then leads to a tyranny of 

health (Fitzgerald, 1994).  In this backdrop, healthy behaviors should be associated with 

friendship, the family, psychological wellness, self-satisfaction, and pleasure (Delisle, 

2005).     

 
Parental Involvement 

 
 As mentioned previously, effective interventions for obesity and prevention of 

DM2 should include parents in both cognitive and behavioral strategies (Seibold et al., 

2003).   In an interview conducted with ten families, results indicated that family eating 
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patterns were often inconsistent, and few healthy eating models were available at home 

or school.  Also, obesity was not always seen as a negative factor, particularly by the 

youth (Seibold et al., 2003).  Furthermore, weight-control efforts were sporadic, typically 

unsuccessful, and consisted primarily of intermittent increases in physical activity 

without active parental involvement in their child's weight-control efforts (Seibold et al., 

2003). 

 
Behavior Modification for the Overweight Adolescent 

 The three modalities currently available for the treatment of overweight in 

children and adolescents include behavioral approaches, pharmacologic approaches, and 

surgical approaches (Daniels, 2005).  Youth weight loss studies have produced 

significant long term results with most including behavior modification, diet and 

exercise.  In addition, lifestyle exercise programs may produce the best long term results.  

Effective components of these programs appear to be parental involvement, reduced 

intake of high energy density, and reductions in sedentary behavior (Fulton, McGuire, 

Caspersen, & Dietz, 2001).  Surgical interventions may be considered if the BMI is ≥ 40 

kg/m2 plus a severe medical comorbidity including type 2 diabetes, obstructive sleep 

apnea or pseudotumor cerebri, or if the BMI is ≥ 50 kg/m2 and comorbid conditions such 

as hypertension, dyslipidemia, or the metabolic syndrome are present (Daniels, 2005).   

Efforts to promote healthy weight management among adolescents are needed which 

place greater emphasis on combining physical activity with a reduced fat and energy 

density diet, increasing fruit and vegetable consumption, and discouraging smoking and 

other unhealthy weight control practices (Lowry, Galuska, Fulton, Wechsler, & Kann, 

2002).  Recommendations include behavioral choice theory, improving knowledge of 
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response extinction and recovery in regards to behavior relapse, individualization of 

treatment, and integration of basic science with clinical outcome research, (Epstein et al., 

1998).   

 Behavioral intervention is usually made by a psychologist, behavioral therapist, 

dietician, or exercise physiologist.  Cognitive-behavioral treatments seem to be more 

effective in children when delivered before puberty than they are for adults (Wisotsky & 

Swencionis, 2003) and there is evidence that the effect of behavioral therapy for weight 

loss in childhood will last longer than that seen in adults (Daniels, 2005).  Theory-based 

health behavior change constructs have been successfully applied to childhood obesity 

prevention using constructs such as goal setting, self-efficacy, and readiness for change 

within a rural community-based program designed to be developmentally appropriate for 

6th graders (Hawley, Beckman, & Bishop, 2006). 

 
Behavior Modification and Dietary Change 

 
  Behavioral interventions designed to promote dietary change include the 

following:  medical assessment, initial assessment of diet history, assessing readiness, 

establishing dietary goals, self-monitoring, stimulus control training, training in problem 

solving, relapse prevention training, enlisting social support, nutrition education, dietary 

therapy, and ongoing contact to maintain progress (Wisotsky & Swencionis, 2003).  

However, a cognitive-behavioral weight management program may modify behaviors 

that are linked to adverse health effects and psychological distresses, without necessarily 

causing a drastic weight loss in obese individuals (Wisotsky & Swencionis, 2003).  

Benefits for overweight adolescents include becoming more assertive in coping with the 

adverse social stigma of being overweight, enhanced self-esteem, and reduction of 
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dissatisfaction with body image regardless of weight loss.   Additional behaviors include 

improving dietary choices, decreasing sedentary behaviors, and increasing habitual 

physical activity and exercises  (Wisotsky & Swencionis, 2003).  The behaviors that are 

modified in the behavioral treatments for overweight and obesity include improving 

dietary choices, decreasing sedentary behaviors, and increasing habitual physical activity 

and exercise (Wisotsky & Swencionis, 2003).   

 
Psychological Outcome Measures 

 
 The PedsQOL (Pediatric Quality of Life Inventory) is a modular instrument for 

measuring health-related quality of life (HRQOL) in children and adolescents ages 2 to 

18. The PedsQOL 4.0 Generic Core Scales consist of 23 items applicable for healthy 

school and community populations, as well as pediatric populations with acute and 

chronic health conditions (Varni, Burwinkle, & Seid, 2006b).  Obese children and 

adolescents are more likely to have impaired health-related quality of life (QOL) than 

healthy children and adolescents.  In fact, for severely obese children and adolescents, 

not only is health-related QOL lower than in healthy children and adolescents, it is 

similar to those diagnosed as having cancer (Schwimmer, Burwinkle, & Varni, 2003).  

The PedsQOL 4.0 Generic Core Scales (Physical, Emotional, Social, School 

Functioning) had minimal missing responses, achieved excellent reliability for the Total 

Scale Score (alpha = 0.89 child, 0.92, parent report), and distinguished between healthy 

children and children with chronic health conditions in research in the school setting 

(Varni et al., 2006b). 
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Because QOL is central to pediatric practice, researchers have recommended that 

attempts be made to use QOL measures in research involving children (Eiser & Morse, 

2001). 

 The PACE (Physician-based Assessment and Counseling for Exercise) 

intervention is a physical activity promotion intervention based on Social Cognitive 

Theory (SCT) (A Bandura, 1986)  and the Transtheoretical Model (TTM) (Prochaska & 

DiClemente, 1983).  Prochaska and DiClemente's Transtheoretical Model suggests that 

individuals adopting physical activity behavior move through five stages of change 

(Tung & Gillett, 2005) including precontemplation, contemplation, preparation, action, 

and maintenance (Van Sluijs et al., 2005).  The PACE intervention aims at changing 

physical activity behavior through changing psychosocial factors considered to be 

determinants of health behavior change according to SCT and the TTM. The main goals 

are (A) enhancing self-efficacy regarding participation in physical activity, (B) 

promoting social support for physical activity, (C) influencing the decisional balance and 

(D) applying the processes of change as mediators of change (Van Sluijs et al., 2005).   

 Self-efficacy is defined as a belief in one’s capabilities to organize and execute 

the course of action required to attain a goal.  Within the construct of perceived self-

efficacy, the causal predictor (motivation) of behavior is one’s belief in the capability to 

perform an act (A.  Bandura, 1997).  In adults, low confidence in the ability to control 

eating while experiencing negative emotions was associated with greater weight 

preoccupation and bulimic thought and behaviors.  In addition, low confidence in ability 

to control eating when exposed to an abundance of food was inversely related to feelings 

of ineffectiveness or general negative self-evaluation (Berman, 2006).  In a 12-week 
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program designed for weight loss in young adults, self-efficacy improved, eating habits 

improved and weight loss was greater than the control.  The researchers concluded that 

using behavioral techniques to improve self-efficacy can be effective in weight loss 

promotion and can produce positive outcomes (Roach et al., 2003).  Additional research 

(Tod & Lacey, 2004) has shown that weight loss decisions are complex and fragile.  

Triggers to action included embarrassment and humiliation, health, fear, critical events 

and image, and occurred cumulatively with the decisions reached gradually.  

Disincentives to action were denial, previous bad experiences, previous failure and 

money.  In addition, decisions were linked to low self-esteem and confidence.  The 

researchers concluded that people are vulnerable at the point they take action (Tod & 

Lacey, 2004).   

 Scales for measuring decisional balance, situational self-efficacy, and processes 

of change for fruit and vegetable consumption were developed and pretested with 57 

economically disadvantaged African-American adolescents and a separate sample of 262 

participants to examine the application of the Transtheoretical model (TTM) to fruit and 

vegetable consumption (Di Noia, Schinke, Prochaska, & Contento, 2006).  Participants in 

action-maintenance stages evidenced higher pros, self-efficacy, and fruit and vegetable 

consumption and significantly lower cons than did participants in precontemplation and 

contemplation-preparation stages.   Also, participants in action-maintenance stages used 

processes of change more frequently than those in precontemplation-contemplation-

preparation stages.  The researchers concluded that the TTM may be appropriate for 

designing interventions to increase fruit and vegetable consumption among this 

population (Di Noia et al., 2006). 
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Multicomponent Interventions 

 The American Dietetic Association (ADA), takes the position that pediatric 

overweight intervention requires a combination of family-based and school-based multi-

component programs that include the promotion of physical activity, parent 

training/modeling, behavioral counseling, and nutrition education.  Two specific kinds of 

overweight interventions have produced positive effects including: a) multicomponent, 

family-based programs for children between the ages of 5 and 12 years, and b) 

multicomponent, school-based programs for adolescents.  Multicomponent programs 

include behavioral counseling, promotion of physical activity, parent training/modeling, 

dietary counseling, and nutrition education.  Effective and innovative overweight 

prevention programs for various sectors of the population need to be developed, 

including those of varying ethnicities, young children, and adolescents (ADA, 2006). 

 
School-Based Interventions 

 
 Childhood obesity is a major public health problem and poses important 

challenges for both health care and school-centered environments (Carrel & Bernhardt, 

2004).  With 97% of U.S. children attending school daily, the school environment 

provides a rich arena for the delivery of standardized health messages (Wiecha et al., 

2004).  In addition, over 90% of children are enrolled in schools which offer food 

services, physical education, and after-school care (Baranowski, Cullen, Nicklas, 

Thompson, & Baranowski, 2002).  With coordination of interventions in the school and 

office, prevention and treatment of childhood obesity can be improved.  However, school 
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personnel report lack of training in intervention as a difficulty in successfully addressing 

childhood obesity (Carrel & Bernhardt, 2004). 

 School-based interventions can reduce the incidence of overweight (Muller et al., 

2005), although simple interventions in a single area (e.g. a school health education 

program) are unlikely to work on their own (Muller et al., 2005).  Schools provide a 

critical setting for programming where health markers, such as body composition, 

chronic disease risk factors and fitness, can be positively impacted.   Secondly, better 

integration of these programs may potentially integrate chronic disease prevention (Flynn 

et al., 2006).  Both the home and school can be privileged settings for intervention 

(Carraro & Garcia Cebrian, 2003).   

 Health knowledge was assessed before and after a 16-week school-based 

intervention in 205 fifth-grade students.   Height, weight, BMI, body composition, waist 

circumference, dietary intake, blood lipids and lipoprotein concentrations, blood glucose 

concentrations, and resting blood pressure were measured to improve student awareness 

of cardiovascular disease risk factors.  Results indicated that the school-based 

intervention was effective in increasing health knowledge in the intervention as 

compared with the control school in the same community.  It was also effective in 

improving certain dietary behaviors.  Researchers (T. K. Harrell, Davy, Stewart, & King, 

2005), concluded that the health knowledge of rural adolescents can be increased through 

partnerships with schools and multidisciplinary teams of health care professionals (T. K. 

Harrell et al., 2005).  Additionally, evidence from two formative school-based programs 

in the Southwest suggests that Native American communities are receptive to school-

based interventions.  Indeed, future studies should focus on collecting community- and 
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region-specific data, and should emphasize the need for obesity prevention through 

culturally appropriate community- and school-based behavioral interventions (Broussard 

et al., 1995). 

 To determine whether a school-based fitness program can improve body 

composition, cardiovascular fitness level, and insulin sensitivity in overweight children, 

fifty overweight middle school children with a body mass index (BMI) above the 95th 

percentile for age were randomized to lifestyle-focused, fitness-oriented gym classes 

(treatment group) or standard gym classes (control group) for 9 months.  Children 

underwent evaluation of fasting insulin and glucose levels, body composition by means 

of dual energy absorpitometry, and maximum oxygen consumption (V02 max) treadmill 

testing at baseline (before the school year) and at end of the school year.  Results 

indicated that compared with the control group, the treatment group demonstrated a 

significantly greater loss of body fat (loss, -4.1% ± 3.4% vs. -1.9% ± 2.3%; p = 0.04), 

greater increase in cardiovascular fitness (V02 max, 2.7 ± 2.6 vs. 0.4 ± 3.3 mL/kg per 

minute; p < 0.001), and greater improvement in fasting insulin level (insulin level, -5.1 ± 

5.2 vs. 3.0 ± 14.3 microIU/mL [-35.4 ± 36.1 vs. 20.8 ± 99.3 pmol/L]; p = 0.02).  The 

researchers (Carrel et al., 2005)  concluded that students enrolled in fitness-oriented gym 

classes showed greater loss of body fat, increase in cardiovascular fitness, and 

improvement in fasting insulin levels than control subjects.   The modification to the 

school physical education curriculum demonstrates that small but consistent changes in 

the amount of physical activity have beneficial effects on body composition, fitness, and 

insulin levels in children (Carrel et al., 2005).  When asked which characteristics were 

important to 61 adolescents who participated in semi-structured, in-depth individual 



49 

interviews, they stressed the importance of a leader who understands the difficulties that 

overweight youth face, with many preferring a leader who is currently overweight or had 

been overweight in the past.  This research emphasized that many overweight adolescents 

were interested in participating in school-based weight control programs that are 

supportive; include enjoyable activities; are informative; are sensitive to the needs of 

overweight youth; and do not conflict with other activities (Neumark-Sztainer & Story, 

1997). 

 
Curves International 

 
 The Curves International fitness and weight loss program has emerged as a 

popular means of promoting health and fitness among women.  Over 5 million women 

belong to roughly 10,000 Curves centers worldwide.  The program involves a 30-minute 

circuit training program incorporating the use of thirteen bidirectional hydraulic exercise 

machines that train all major muscle groups interspersed with calisthenics type exercises 

designed to maintain an elevated heart rate and increase energy expenditure.  For 

members wishing to lose weight, the program recommends following a short caloric 

restricted diet (1,200 kcals/day) designed to promote weight loss followed by a 

moderately caloric restricted diet (1,600 kcals/day) that is designed to promote a gradual 

reduction in body fat.  This program is designed to promote fat loss and improve fitness 

without maintaining a very low calorie diet (i.e., ≤ 800 kcals/day) that is often used in 

weight loss trials.  Additionally, it is designed to decrease the incidence of subjects 

experiencing a weight regain once their weight goals have been achieved by increasing 

resting energy expenditure (Thomas A, 2004).   
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 The Exercise & Sport Nutrition Lab at Baylor University has been conducting 

extensive studies on the efficacy of the Curves for Women program.  Kreider, et al. 

(2005) has performed extensive research on the Curves fitness and diet program.  The 

research findings demonstrate that women following this program for 14 weeks lost 10-

14 pounds, decreased body fat by 1-3%, increased resting energy expenditure by 100-400 

kcal/day, and had a reduction in waist & hip measurements of 1.5-2 inches.  Maximal 

aerobic capacity increased by 10% and muscular strength/endurance improved by 10-

15%.  Resting heart rate decreased by 3-5 beats/min.  While total cholesterol decreased 

by 4%, LDL decreased by 3%, triglycerides decreased by 12%, and leptin was reduced 

overall by 17%.  Fasting insulin was reduced by 15% overall, while insulin sensitivity 

improved by 19% (Slonaker et al., 2004).  In addition to improvements in physiological 

variables, there were also improvements in the psychological variables (Bowden R et al., 

2004; Lanning et al., 2004; Long et al., 2004, 2005; Nassar et al., 2005). 

 Body image, self-esteem (Lanning et al., 2004; Long et al., 2004, 2005), and 

quality of life (Bowden R et al., 2004; Nassar et al., 2005) increased among the 

participants.  Biomechanical and energy expenditures analysis performed on the Curves 

fitness program indicated that exercise intensity of 65% of VO2max support the ACSM 

guidelines.  Women new to exercise can burn approximately 164-238 kcals during a 30-

minute Curves workout.  Highly trained women can burn 238-522 kcals/30 minute-

workout at 65% VO2max.  In addition, the strength training components of the program 

indicated a 50-75% of 1RM with an average of 15-20 repetitions performed per 30-

second time frame (Campbell, et al., 2006).  As a result, the research has shown that the 

Curves program is highly effective in promoting weight loss, improving markers of 
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health, and enhancing fitness.  Hypothetically, a circuit-resistance program similar to the 

Curves fitness program may be beneficial as a part of a multicomponent school-based 

intervention for overweight adolescents because it promotes improvements in strength, 

flexibility, and weight loss.   

 
Summary 

 
 Obesity is the most common chronic disorder in industrialized countries.  Its 

impact on the individual as well as on health economics demands urgent attention.  There 

is a need to increase public awareness of the ever expanding health burden and economic 

dimension of the childhood obesity epidemic that is present around the globe (Kiess et 

al., 2001).  Respondents (n =1047), in a representative survey of U.S. households, 

considered childhood obesity to be as serious as other major childhood health threats, 

such as tobacco use and violence, but not as serious as drug abuse.  Respondents 

supported school, community, and media-based strategies which offered health 

information, limiting unhealthy food promotion, and increasing healthy nutrition and 

physical activity choices.  However, regulatory and tax or cost based interventions were 

generally opposed (Evans, Finkelstein, Kamerow, & Renaud, 2005).  Increased 

opportunities and encouragement for physical activity can be promoted through policy 

changes, environmental planning and educational efforts in schools and communities 

(Goran et al., 1999). 

 Scientific knowledge concerning preventive measures in public health continues 

to expand as a critical tool to help legislators and policymakers "connect the dots" 

between public policies.  However, the translation of the collected scientific evidence to 

policy has been inconsistent and problematic.  For example, the elimination or degrading 
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of physical education programs in schools needs to be addressed in light of the national 

epidemic of childhood overweight and obesity and the corresponding increase in rates of 

DM2 among children (Fielding et al., 2002).  It is likely that successful prevention of 

childhood obesity through physical activity promotion will involve theory-based, 

culturally appropriate school, family and community interventions (Goran et al., 1999).  

Indeed, partnering with school districts should be a part of a public health approach to 

improving the health of overweight students (Carrel et al., 2005). 
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CHAPTER THREE 

Methodology 
 

Participants 

 Forty-two overweight and obese (BMI ≥ 85th percentile) middle school students 

from an area school with a high proportion of Hispanic students who were cleared to 

participate in physical education/activity classes were recruited to participate in this 

study.  This protocol was approved by the designated school Principal.  Participants and 

their parents and/or guardians were informed of the requirements of the study.  In 

addition, both signed informed consent statements in compliance with the Human 

Subjects Guidelines of Baylor University and the American College of Sports Medicine.  

Similar research (Eliakim et al., 2002)  has indicated that with a 2-sided, 0.05 

significance level (α= 0.05), using weight change as the primary variable, 18 participants 

in each group allows detection of a significant difference at 90% power.  Also, for BMI 

percentile, 11 participants per group allow detection of a significant difference with 90% 

power (Nemet et al., 2005).  Therefore, a larger sample size should provide adequate 

power for detecting both differences.  

 
Study Site 

 
 Participants, guardians, and the school administration at the intervention site were 

familiarized to the experimental procedures prior to baseline testing in the school setting.  

All exercise training sessions were conducted at the student’s school during their physical 
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activity class.  Testing was conducted at the Exercise & Sport Nutrition Lab of Baylor 

University and at the student’s school.   For testing requiring transportation to the 

Exercise & Sport Nutrition Lab, students were transported by the school bus service.   

The students were picked up at their school and dropped off at the Exercise & Sport 

Nutrition Lab of Baylor University.  The distance is approximately 3 miles.  In addition, 

a student aid was present to assist with the students.   

 
Experimental Design 

 
 Table 1 shows the general research design and time course for assessments.  This 

study was conducted as a randomized, match-paired control, parallel group prospective 

study design.  Participants classified as ≥ 85th percentile with approval to take PE classes 

participated in this 10-week fitness and weight loss program, followed by a 3-month 

follow-up.  Participants were randomized into a control group consisting of the 

traditional physical education class or the multicomponent group using circuit-resistance 

training, dietary intervention and behavioral modification. 

 The independent variables were exercise and nutrition education/behavioral 

modification.  Dependent variables included: estimated dietary energy intake; body 

composition, bone density, and body water assessment; hip and waist anthropometric 

measurements; resting energy expenditure (REE), fasting blood profiles (electrolytes, 

muscle and liver enzymes, erythrocytes, leukocytes, insulin, and leptin); resting heart 

rate, resting blood pressure, hand grip strength, push-up endurance, curl-up muscular 

endurance, trunk flexibility, aerobic capacity (walk test), and several questionnaires to 
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assess standardized quality of life (PedsQOL), physical activity, sedentary behaviors, 

dietary fat intake, and fruit and vegetable consumption.   

Table 1.  Overview of Research Design and Testing Schedule 
 

Familiarization 
 

Baseline (Week 0) 
(T1) 

 

Post-test (Week 10) 
(T2) 

Follow-up  (3 
Months) 

(T3) 
 
Meet with classes 
 
Explain Study 
 
Hand Out Study 
Information Packet 
 

 
Twenty-four hour recall 
Questionnaires    
    Pediatric Quality of Life       
    PACE surveys: 
        Physical Activity 
        Sedentary Behavior 

Fruit & Vegetable      
Dietary Fat 

Height 
Body Weight 
Resting Energy Expenditure 
Body Composition (DEXA) 
Body Water (BIA) 
Resting Heart Rate  
Resting Blood Pressure 
Blood Markers 
Waist To Hip Ratio 
Hand Grip Strength 
Push-Up Endurance 
Curl-Up Endurance 
Trunk Flexibility 
Aerobic Capacity (1-mile  
walk/run) 
Pedometers 
 
Subjects matched according 
to age and body fat within 
classes for random 
assignment to the control or 
experimental group 

 
Use of school curriculum 
begins. 
 

 
Twenty-four hour recall 
Questionnaires    
    Pediatric Quality of Life            
        PACE surveys: 
        Physical Activity 
        Sedentary Behavior 
       Fruit & Vegetable   
       Dietary Fat 

Height 
Body Weight 
Resting Energy Expenditure 
Body Composition (DEXA) 
Body Water (BIA) 
Resting Heart Rate  
Resting Blood Pressure 
Blood Markers 
Waist To Hip Ratio 
Hand Grip Strength 
Push-Up Endurance 
Curl-Up Endurance 
Trunk Flexibility  
Aerobic Capacity (1-mile 
walk/run) 
Pedometers  
 

 
Twenty-four hour recall 
Questionnaires    
    Pediatric Quality of 
Life  
    PACE surveys: 
        Physical Activity 
        Sedentary Behavior 
        Fruit & Vegetable 
        Dietary Fat  
Height 
Body Weight 
BIA (body fat) 
Waist To Hip Ratio 
 

 
 

Entry and Familiarization Session 
 
 Participants were recruited from their physical education classes at their middle 

school.  Students expressing interest in participating in this study were given an 

information packet that included the consent form for their parents or guardian and the 
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student to sign in order to give them permission to participate in the study.  Participants 

who met eligibility criteria and obtained permission from their parents or guardian to 

participate were then familiarized to the study.  This included describing the training and 

diet program and familiarizing the subjects to the tests to be performed.  Participants 

were then scheduled for baseline assessments.  

 
Baseline Testing  

 
 Participants reported to their school for testing that was conducted during classes 

over several days.  Additional testing took place at the Exercise Sports Nutrition 

Laboratory (ESNL) at Baylor University.  Participants were instructed to refrain from 

exercise for 48 hours prior to baseline testing.   

 At the school, subjects completed several dietary and health and exercise 

adherence questionnaires including the following:  Cognitive expectancy questionnaire, 

PedsQOL, and the PACE Adolescent Psychosocial scales including physical activity, 

sedentary behavior, fruit and vegetable consumption, and dietary fat reduction.  This was 

followed by tests of cardiorespiratory endurance, muscular fitness, and flexibility, 

including a hand grip test, push-up test, curl-up test, a sit-and-reach flexibility test, and 

an aerobic capacity test (1 mile walk/run test).  Following the familiarization or practice 

session, the participants met with a registered dietician who conducted a 24-hour recall 

assessment with each participant who attempted to recall all food and fluid intake.  Food 

models were used to assist with recall.  The 24-hour recall was conducted every two 

weeks throughout the course of the intervention and with participants at the 3-month 

follow-up (0, 2, 4, 6, 8, 10, and at 3 month follow-up).  On a separate day, subjects  



57 

reported to the Exercise Sports Nutrition Laboratory at Baylor University transported by 

the school bus service. 

Participants had height and weight measured, total body water determined by 

bioelectrical impedance (BIA), and body composition determined using a Discovery W 

Dual Energy X-ray Absorpitometry (DEXA).  Resting measurements of participants were 

taken at the beginning of the testing procedure.  Resting measurements include heart rate, 

blood pressure, height, weight, and body composition.  Participants had their resting 

energy expenditure measured using standard protocols with the Parvo Medics TrueMax 

2400 Metabolic Measurement System.  Blood pressure was determined using standard 

procedures.  Next, participants had measurements taken of waist and hip girth. 

This was followed by tests of cardiorespiratory endurance, muscular fitness, and 

flexibility.  

Following these assessments, participants donated approximately 20 ml of fasting 

blood using venipuncture techniques of an antecubital vein in the forearm according to 

standard procedures.  Blood samples were analyzed by the Baylor University Exercise & 

Biochemistry Laboratory (Waco, TX) for clinical chemistry profiles [glucose, total 

protein, blood urea nitrogen (BUN), creatinine, BUN/creatinine ratio, aspartate 

aminotransferase (AST), alanine aminotransferase (ALT), gamma-glutamyl 

transpeptidase (GGT), albumin, calcium, total bilirubin, alkaline phosphatase, 

triglycerides, cholesterol, high density lipoprotein (HDL), low density lipoprotein (LDL), 

ketones, leptin, insulin and whole blood cell counts including hemoglobin, hematocrit, 

erythrocytes, leukocytes, [neutrophils, lymphocytes, monocytes, eosinophils, basophils]. 
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Activity Assessment 

 Pedometers were worn for one week after baseline testing in order to get a 

baseline measurement of activity in addition to the follow-up assessment.  The 

participants were told how the pedometer works were allowed to handle the devices.  The 

pedometer was then closed to discourage tampering and they were instructed to go about 

their normal daily activities.  Activity counts were measured from the end of the school 

day to the start of the following morning at school.  The pedometer was attached to the 

hip region, placed in line with the top of the dominant foot (Bassett, 2000).  The device 

was removed before going to bed, and re-attached at the hip immediately after getting out 

of bed.  The researchers collected the pedometers during each class period and recorded 

the pedometer counts.  Bassett (2000) recommended that pedometers be worn for an 

entire week, including weekend days to record physical activity with the Saturday and 

Sunday activity counts combined in order to represent the total weekend physical activity 

to be recorded on the Monday morning at school (Bassett, 2000).  The Digiwalker 

(Yamax Inc., Tokyo, Japan) pedometer was used.  It has shown the measurement of the 

number of steps and distance within 1% of actual or observed measures (Bassett, 2000).  

Activity counts were measured at the school under the supervision of trained research 

assistants.   

 In addition, body weight was measured each week during the intervention in 

order to provide immediate feed-back to the student.  These tests will help determine 

whether the school intervention protocol employed affects measures of QOL and health, 

psychosocial measures, and body composition.  The control group participated in all 

baseline testing. 
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Randomization and Dietary Intervention 

 Table 2 presents the exercise and dietary intervention protocol that was employed 

in the study.  Participants were matched based on age and body fat within class periods 

and then randomly assigned to one of two groups.  Therefore, the experimental and 

control groups were comprised of a near-equal number of participants from each class 

period.  The groups included: 1.) No Intervention + No Diet; and, 2.) Exercise + High 

Carbohydrate/Low Protein Diet.  Participants were asked to follow a diet plan developed 

by a registered dietitian that adheres to the macronutrient intake described in Table 2.  

 
Table 2.  Dietary Intervention Protocol 

 
Diet Group Macronutrient Grams/day Kcals/day Percentage of 

Daily Diet (%) 
 

1,000 
kcals/day 

 
 

 
D& EX 
(1,000 

kcals/day) 
 

 
Protein 

Carbohydrate 
Fat 

 

 
37.5 

137.5 
33 

 
150 
550 
300 

 
15 
55 
30 

 
1,200 

kcals/day 
 

 
D & EX 
(1,200 

kcals/day) 
 

 
Protein 

Carbohydrate 
Fat 

 

 
45 

165 
40 

 
180 
660 
360 

 
15 
55 
30 

 
1,400 

kcals/day 

 
D & EX 
(1,400 

kcals/day) 
 

 
Protein 

Carbohydrate 
Fat 

 
60 

220 
46.7 

 
210 
770 
420 

 

 
15 
55 
30 

 
 

1600 
kcals/day 

 
D & EX 
(1,600 

kcals/day) 
 

 
Protein 

Carbohydrate 
Fat 

 
60 

220 
53 

 

 
240 
880 
480 

 
15 
55 
30 

 
Note:  No Diet + PE only (n=22); Diet + Exercise (D&EX) (n=20), Protein 15%, 
Carbohydrate 55%, Fat 30% 
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Dietary Intervention 
 

 Participants were assigned to their respective diets based upon their resting 

energy expenditure.  After resting energy expenditure was determined, participants were 

assigned a diet based on an approximate energy deficit of 500 kcals/day.  This was 

accomplished by assigning a 1000, 1200, 1400 or 1600 kcalories per day diet that is the 

closest to 500 kcals minus their resting energy expenditure (REE).  Based upon an 

average body weight of 68 kg, the kcaloric value of the 4 fitness program diets (1000, 

1200, 1400 and 1600 kcalorie) can be expressed respectively as 15 kcals/kg, 18 kcals/kg, 

21 kcals/kg and 24 kcals/kg.  The macronutrient percentage was 55% carbohydrate, 15% 

protein, and 30% fat, and was to be maintained throughout the intervention.    

 
Training Protocol 

 Participants participated in the circuit-resistance training 30-minute fitness 

program three times per week (Monday, Wednesday, and Friday) for 10 weeks during 

their physical education class period during the spring semester.  The equipment was 

located at the school and a doctoral research assistant was responsible for supervising the 

exercise sessions.  The work-out consisted of performing on 13 hydraulic resistance 

exercise machines using bidirectional resistance.  This equipment, arranged in a circle, 

trains all major muscle groups and is interspersed with floor-based callisthenic exercises 

designed to maintain an elevated heart rate.  The Tuesday exercise session consisted of 

30 minutes of aerobic exercise and Thursday included nutrition and physical activity 

education.  In addition to the circuit-resistance training work-out on Friday, participants 

had their weight measured and were given individual dietary education.  Field notes were 
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taken.  The training lasted for 10 weeks.  Table 3 shows the physical activity and 

behavioral intervention. 

 
Table 3.  Physical Activity and Behavioral Intervention Protocol 

 
Weekday Group Activity 

 
Monday-Friday 

 
No Diet + PE only  (n=22) 

 
 

 
PE class 

 
Monday 

 
 

 
Diet + Exercise (n=20) 

 
 

 
Circuit-resistance 

Program 
 

 
Tuesday 

 

 
Diet + Exercise (n=20) 

 
 

 
Aerobic Exercise 

 
Wednesday 

 
Diet + Exercise (n=20) 

 

 
Circuit-resistance 

Program 
 

 
Thursday 

 
Diet + Exercise (n=20) 

 

 
Nutrition and  

physical activity 
education 

 
 

Friday 
 

 
Diet + Exercise (n=20) 

 

 
Circuit-resistance 

Program 
Weekly weigh-in & 
individual support. 

 
 

 
Nutrition Education 

 
 Participants were taught how to record food intake as well as basic nutritional and 

diet information from materials developed by an exercise physiologists and registered 

dietitian.  The nutrition education included a weekly weigh-in which was conducted on 

Fridays in private.  Participants could also receive individual nutrition education to 

answer questions.  Table 3 outlines the educational and exercise schedule.  Because many 
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adolescents do not meet national guidelines for participation in regular moderate or 

vigorous physical activity; limitations on sedentary behaviors; or dietary intake of fruits 

and vegetables, fiber, or total dietary fat (Patrick et al., 2006); education was 

incorporated to improve these behaviors.  

 Previous research (Wisotsky & Swencionis, 2003)  has stated that behavioral 

interventions designed to promote dietary change include the following components:  

medical assessment, initial assessment of diet history, readiness assessment, 

establishment of dietary goals, self-monitoring, stimulus control training, training in 

problem solving, relapse prevention training, enlisting social support, nutrition education, 

dietary therapy, and ongoing contact to maintain progress.  Modified behaviors in the 

behavioral treatments for overweight and obesity include improving dietary choices, 

decreasing sedentary behaviors, and increasing habitual physical activity and exercise.  In 

addition, this form of intervention can be used to help overweight adolescents become 

more assertive in coping with the adverse social stigma of being overweight, enhance 

self-esteem, and reduce dissatisfaction with body image regardless of their weight loss 

(Wisotsky & Swencionis, 2003).  Therefore, these components were emphasized in the 

educational component. 

 In order to encourage parent involvement, educational material from the We Can! 

(Ways to Enhance Children’s Activity and Nutrition) curriculum developed by the 

National Heart, Lung, and Blood Institute was sent home to the parents.  In addition, 

students were encouraged to talk about nutrition and physical activity components with 

their parents. 
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Assessment Schedule 

  Table 1 describes the assessment schedule used in the study.  The assessment 

schedule was designed to be able to evaluate the effects of exercise training and 

nutritional education on diet, body composition, fitness, and various diet, exercise, and 

psychological profiles.  Participants completed all testing at week 0 and week 10.  The 

testing determined how the exercise and dietary education affected body composition, 

fitness, and perceptions about exercise.  In addition, follow-up assessments were 

conducted at 3 month follow-up at the middle school.  Students who had moved to high 

school were not included.  Follow-up testing included questionnaires, height, weight, and 

girth measurements. 

 
Testing Methods 

 
 Participants were assigned diets based on 500 kcalories subtracted from the 

resting energy expenditure measurement.  However, the participants were not compliant 

with their assigned diets.  Twenty-four hour recall assessments were given to each group 

in order to follow dietary changes.  Participants met with a registered dietician who 

conducted a 24-hour recall assessment with each participant who attempted to recall all 

food and fluid intake.  Food models were used to assist with recall.  The 24-hour recall 

was conducted every two weeks throughout the course of the intervention and with 

participants at the 3-month follow-up (0, 2, 4, 6, 8, 10, and at 3 month follow-up).  All 

dietary inventories were assessed by Food Processor III Nutrition Software (ESHA 

Nutrition Research, Salem, OR) and verified by a registered dietitian. 
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Cardiorespiratory Fitness 
 

 Cardiorespiratory fitness uses large muscles in moderate-to-high intensity 

exercise for prolonged periods depending on the fitness of the respiratory, cardiovascular 

and skeletal muscle systems (ACSM, 2006b).  Participants completed the one mile walk 

test (MRW) by walking/running a one-mile distance as quickly as possible and then had 

heart rate assessed.  Heart rate was determined by attaching a heart rate monitor to the 

subjects’ wrist and/or a sensor strap to their chest.  The Polar E30 heart rate monitors 

were used.    

Aerobic capacity was assessed using the ACSM formula walk test formula to get 

exercise VO2 (ACSM, 2008); then exercise intensity was calculated as maximal walk-

test heart rate minus resting heart rate divided by predicted maximal heart rate (ex HR – 

RHR / PMHR – RHR) where  PMHR = 230 – age.   The maximal VO2 value (VO2 max) 

was calculated by dividing exercise VO2 by intensity.   

 
Muscular Fitness 

 Muscular fitness is measured as an integration of muscular strength and 

endurance and is specific to the muscles involved.   Muscular strength is defined by the 

ability of the muscle to exert force (ACSM, 2006b).  Static muscular strength measures 

isometric strength and was measured using a handgrip dynamometer, which measures 

static strength by recording the amount of force exerted.  Handgrip strength was 

measured with the BASELINE hydraulic hand dynamometer (Fabrication Enterprises, 

Inc., Irvington, NY,) using the dominant hand.   

 The participant was asked which hand is dominant and was positioned at 90° of 

shoulder flexion with the elbow extended.  The hand grip dynamometer was held 
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comfortably in the hand with the proximal carpal bones extended.  The participant held 

the dynamometer away from the body and squeezed as hard as possible without holding 

their breath.  After one practice trial of a firm grip, the participant was asked to grip 

firmly and release, with the measurement recorded in kg.  Participants were instructed to 

grip the dynamometer and give a maximal effort for three seconds.  Three repetitions 

were performed with an approximate rest of one minute between trials (Delbaere, 

Bourgois, Witrrouw, Willems, & Cambier, 2003) and the best of the three scores were 

then recorded and divided by the participant’s total body weight to give a percentage 

(Douris et al., 2004).  Previous researchers (Tonks, Pai, & Murali, 2006) have found the 

BASELINE hydraulic hand dynamometer be sensitive to change, with high reliability (r 

= 0.93).   

 
Muscular Endurance 

 
 Muscle endurance is the ability of a muscle group to execute contractions over a 

period of time sufficient to cause muscular fatigue (ACSM, 2006b).  Both the push-up 

and sit-up tests can be used to measure muscular endurance (ACSM, 2006a).  To test 

muscular endurance of the abdominal muscles, the participant performed the maximum 

number of crunches without rest.  Upper body strength was assessed by the maximum 

number of push-ups performed without rest.  Both of these tests were conducted 

according to ACSM guidelines (ACSM, 2006a).  

 The participant assumed the modified push-up position with the hands positioned 

under the shoulders, back straight, knees bent and touching the floor with the toes serving 

as a fulcrum.  Time began with the participant in the up-position.  The total number of 
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push-ups completed without rest was counted as their score.  Abdominal crunches were 

measured according to ACSM protocol (ACSM, 2006b).  The participant was positioned 

on their back with knees bent at a 90º angle.  The participant placed their hands on their 

thighs and performed an abdominal crunch to 30º (shoulder blades off mat and reaching 

to touch top of knees) in rhythm with a metronome set at 50 beats/minute.  The 

participant was instructed to place their hands on the thighs and curl up until the hands 

reach the knee caps.  The participant was then asked to perform as many curl-ups as 

possible until reaching the maximum total of 75 crunches.  The test was terminated if the 

cadence was broken  (ACSM, 2006b).   

 
Flexibility 

 
 Flexibility of the back and hamstrings was measured by a sit and reach box.  After 

performing a few flexibility and warm-up exercises, the participant took off their shoes 

and positioned their feet flat against the sit and reach box (ACUFLEX I, by Novel 

Products, Inc).  The participant placed one hand on top of another with their fingertips 

parallel.  The participants bent at the waist and reached as far possible without holding 

her breath to test maximal flexibility.  Researchers have found high single trial intraclass 

reliability (r = 0.89-0.98) for all sit-reach tests (Hui & Yuen, 2000).  The participant 

repeated the test several times with the best score recorded.   

 
Body Mass Assessments 

 
 Participants had body composition tests in the ESNL, including body mass.  Body 

weight was measured as well as the determination of body mass index (BMI).  Prior to 

each assessment, height was measured using standard anthropometry and total body 
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weight was measured using a calibrated electronic scale (Cardinal Detecto Scale Model 

8430, Webb City, Missouri) with a precision of ± 0.02 kg.  The calculation for BMI is 

body mass (kg) divided by the square of the height (m), usually expressed in the unit kg / 

m2 (ACSM, 2006b).  Other than general instructions, special skills are not required to 

measure body weight and height.   

 
Resting Energy Expenditure Assessment 

 
Resting energy expenditure assessments were measured according to standard 

protocols using the Parvo Medics TrueMax 2400 Metabolic Measurement System 

(Sandy, UT).  Gas-meter and flow-meter calibration was preformed daily by trained 

research assistants.  The participant was supine on an exam table, with a light blanket 

placed over them to keep warm.  The participant was motionless without going to sleep 

for 20-minutes.  A see-through metabolic canopy was placed over the participant’s neck 

and head so that metabolic measurements of expired gases could be obtained.  Metabolic 

measurements were obtained via expired gases to determine resting oxygen uptake and 

energy expenditure.  Test-to-test reliability with adults have yielded the following 

intraclass values:  VE/O2  = 0.95, 5.3%; RER = 0.87, 9.8%; VE/VCO2   =  0.87, 12.1%; 

Max VTW = 0.98, 2.6% (Amann et al., 2004).   

 
Total Body Water 

 
Total body water was estimated using a Xitron 4200 Bioelectrical Impedance 

Analyzer (San Diego, CA) which measures bio-resistance of water and body tissues 

based on a minute low energy, multi-frequency current (measures impedance at 50 

frequencies logarithmically ranging from 5 KHz to 1 KHz) transmitted through the body 
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(NHANES, 2000).  This analyzer has been commercially available and has been used in 

the health care/fitness industry as a means to assess body composition and body water for 

over 10 years.  The use of this device has been approved by the Food and Drug 

Administration (FDA) to assess total body water and the current to be used has been 

deemed safe (NIH, 1996).  Measurement occurs through four electrodes placed on the 

body: one electrode is placed on the posterior surface of the right wrist, in between the 

radial and ulna styloid processes (wrist bones), with another electrode placed on the 

posterior surface of the right hand at the distal base of the second metacarpal; the third 

electrode placed on the anterior surface of the right foot at the distal end of the first 

metatarsal.  The fourth electrode was placed on the posterior surface of the talus.  

Participants lay on a table in the supine position and the electrodes were connected to the 

analyzer.  After the participant was connected, age, gender, weight, and height were 

entered into the unit by a technician.  After the unit measured the resistance, which took 

approximately 30 seconds, the unit calculated total body water and body water percent.  

The analyzer was calibrated internally to a standard electrical current by pressing the 

calibration key located on the unit.   BIA may be suitable for assessing short-term 

changes in total body water (TBW) within individuals over time, (precision:  equivalent 

to < 0.5% of TBW) (Wells et al., 1999).    

 
Anthropometric Measurements 

 
  Anthropometric hip and waist measurements were determined using standard 

procedures with a tension-regulated tape measure.  The waist was measured at the 

narrowest part of the torso, above the umbilicus and below the xiphoid process while the 
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hips were measured at the maximal circumference of the hips or buttocks region, above 

the gluteal fold.  Waist-to-hip ratio is measured as the circumference of the waist divided 

by the circumference of the hips (ACSM, 2008).  Waist girth can be measured 

independently as an indicator of health due to the pattern of body fat distribution around 

the abdominal region.  Intra-class correlations for waist girth were 0.96 when two self-

measurements were compared and 0.93 when self-measurement was compared with 

technician measurement (Kushi, Kaye, Folsom, Soler, & Prineas, 1988).  

 
Resting Heart Rate & Blood Pressure 

 
Heart rate was determined by palpitation of the radial artery using standard 

procedures (Balady, Berra, Golding, et al., 2000) using a 30 second count.  Blood 

pressure was assessed by auscultation of the brachial artery using a mercurial 

sphygmomanometer using standard clinical procedures (Balady, Berra, Golding, et al., 

2000).  Blood pressure measurements were taken on the participant in the supine position 

after resting for 5-minutes.  The bladder of the cuff covered at least 80% of the upper arm 

to ensure accuracy.  The stethoscope bell was placed below the antecubital space over the 

brachial artery.   

 
Body Composition 

 
Body composition was determined using a calibrated Discovery W Dual Energy 

X-ray Absorptiometer (DEXA) by qualified personnel with limited x-ray technology 

training under the supervision of Richard B. Kreider, Ph.D., MX.  Body composition 

measurements were determined by qualified personnel (in compliance with State 

Regulations).  Quality control (QC) calibration procedures were performed on a spine 
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phantom (Discovery W-CALIBER Model DPA/QDR-1 anthropometric spine phantom) 

prior to each testing session.  In addition, weekly calibration procedures were performed 

on a density step calibration phantom.  

 The DEXA body composition test involved having the participant lie down on 

their back in a standardized position in a pair of shorts/t-shirt or a gown.  A low dose of 

radiation scanned the entire body for approximately six minutes.  The DEXA segments 

regions of the body (right arm, left arm, trunk, right leg, and left leg) into three 

compartments for determination of fat, soft tissue (muscle), and bone mass.  Radiation 

exposure from DEXA for the whole body scan is approximately 1.5mR per scan 

(NHANES, 2000).  This is similar to the amount of natural background radiation a person 

would receive in one month while living in Waco.  The maximal permissible x-ray dose 

for non-occupational exposure is 500 mR per year.  Total radiation dose was less than 

7.5mR for the entire study.  Participants completed a radiation exposure questionnaire 

and applied the 10 or 14-day rule for x-ray exposure.  Test-retest reliability studies 

performed in the ESNL on male athletes with this DEXA machine yielded mean 

deviation for total BMC and total fat free/soft tissue mass of 0.31% with a mean intra-

class correlation of 0.985.  Previous research (Wells et al., 1999) indicated that DEXA 

and D2O dilution showed negligible mean error in measuring fat free mass relative to the 

4-compartment model, suggesting that the prototype Hologic DXA software for children 

may have overcome artifacts of body size previously reported (Wells et al., 1999).  
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Blood Samples 

Participants fasted overnight for 12 hours and then donated approximately 4 

teaspoons of fasting venous blood (20 milliliters).  Blood samples were obtained using 

standard phlebotomy procedures using standard sterile venipuncture of an antecubital 

vein by laboratory technician’s trained in phlebotomy in compliance with guidelines 

established by the Texas Department of Health and Human Services.  The phlebotomists 

and lab technicians wore personal protective clothing (gloves, lab coats, etc.) when 

handling blood samples.  Participants sat in a phlebotomy chair.  Their arm was cleaned 

with a sterile alcohol wipe and sterile gauze.  A standard rubber tourniquet was placed on 

the brachium.  After palpation of an antecubital vein, a 23 gauge sterile needle attached 

to a plastic vacutainer holder was inserted into the vein using standard procedures.  Three 

serum separation vacutainer tubes (red tops) and one EDTA vacutainer tubes (purple top) 

was inserted into the vacutainer holder for blood collection in succession using multiple 

sample phlebotomy techniques.  Once samples were obtained, the vacutainer holder and 

needle were removed.  Needles were discarded as hazardous waste in a plastic sharps 

container.  The site of the blood draw was cleaned with a sterile alcohol wipe and gauze 

and a sterile Band-Aid will be placed on the site.  The blood collection tubes were 

labeled and placed in a test tube rack.  Laboratory technicians (who had received blood 

borne pathogen training and wear personal protective clothing) centrifuged the serum 

samples, transferred serum into labeled serum storage containers, and prepared samples 

for storage into a -20° Celsius freezer for subsequent analysis. 
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Whole Blood and Serum Chemistry Analysis 

Serum and whole blood samples were analyzed by the Baylor Exercise 

Biochemical & Nutrition Laboratory (Waco, TX) for assay of standard clinical chemistry 

profiles [glucose, total protein, blood urea nitrogen (BUN), creatinine, BUN/creatinine 

ratio, aspartate aminotransferase (AST), alanine aminotransferase (ALT), gamma-

glutamyl transpeptidase (GGT), albumin, calcium, total bilirubin, alkaline phosphatase, 

triglycerides, cholesterol, high density lipoprotein (HDL), low density lipoprotein (LDL) 

and whole blood cell counts including hemoglobin, hematocrit, erythrocytes, leukocytes, 

neutrophils, lymphocytes, monocytes, eosinophils, baosphils] using a DADE Dimension 

RXL clinical chemistry analyzer (Dade-Behring, Inc., Newark, DE), and an Abbott Cell 

Dyn 3500 hematology analyzer (Abbott Laboratories, Chicago, IL).  Test to test 

reliability (within and between) of performing these assays ranged from 2 to 6% for 

individual assays with an average variation of ± 3%.  Samples were run in duplicate to 

verify results if the observed values were outside control values and/or clinical norms 

according to standard procedures.   

 
Serum Hormone Analysis 

 
Serum leptin was determined by an enzyme linked immuno-absorbent assay 

(ELISA) (Diagnostic Systems Laboratories, Webster, TX).  The principle of the enzyme 

immunoassay test followed a typical two-step capture or ‘sandwich’ type assay.   This 

involved the use of ELISA kits that are coated into the wells of the microtiter strips with 

monoclonal antibodies specific for each hormone.  The assay uses two highly specific 

monoclonal antibodies: a monoclonal antibody specific for leptin is immobilized onto the 
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microwell plate and another monoclonal antibody specific for a different epitope of leptin 

is conjugated to biotin.   In the assay, samples, known standards, controls and unknowns 

were pipeted into the wells and incubated for binding to the antibody.   After incubation 

and washing, a biotinylated monoclonal antibody specific for leptin hormone was added 

and then incubated again for additional binding.  The excess secondary antibody was 

washed and the wells incubated with horseradish peroxidase enzyme, which binds to the 

biotinylated antibody for completion of the four-layer sandwich.  After a second 

intubation and washing step, the horseradish-peroxidase enzyme was washed to remove 

any unbound enzyme; and the wells were incubated with the substrate 

tetramethlybenzidine.  This solution was acted upon by the bound enzyme and color was 

produced.  The degree and intensity of the color produced indicated the concentration of 

leptin present.  An acidic stopping solution (0.5 N HCL) was added and the degree of 

enzymatic turnover of the substrate determined by using a Wallac Victor-1420 microplate 

reader (Perkin-Elmer Life Sciences, Boston, MA).  The assays were performed at a dual 

wavelength absorbance at 450 nm.  A set of standards were used to plot a standard curve 

from which the amount of leptin in patient samples and controls could be directly read.  

The intra-assay coefficient of variation for this assay is 3.8% and the inter-assay 

coefficient of variation is 4.4% (Diagnostic Systems Laboratories, Webster, TX). 

 Insulin was analyzed by an ELISA kit manufactured by Diagnostic Systems 

Laboratories (Webster, TX).  The insulin ELISA is an enzymatically amplified “one 

step” sandwich type assay.  Serum samples were incubated with an anti-insulin antibody.  

After incubation and washing, the wells were incubated with the substrate 

tetramethylbenzidine (TMB).  To prepare the insulin-antibody-enzyme conjugate 
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solution, the insulin antibody-enzyme conjugate concentrate was diluted in the protein-

based assay buffer with a non-mercury preservative per instruction packet steps.  The 

solution was added to each well using a semi-automatic dispenser.  The wells were 

incubated by being shaken at a fast speed on an orbital microplate shaker at room 

temperature.  Each well was washed five times and blotted dry.  The TMB chromagen 

solution was added to each well.  The wells were incubated again via the orbital 

microplate shaker at room temperature while avoiding direct sunlight.  A stopping 

solution containing 0.2 M sulfuric acid was then added to each well using a semi-

automatic dispenser.  The absorbance of the solution in the wells was read within 30 

minutes.  The degree of enzymatic turnover of the substrate was determined by dual 

wavelength absorbance measurement at 450 and 620 nm.  The absorbance measured is 

directly proportional to the concentration of insulin present.  A set of insulin standards 

were used to plot a standard curve of absorbance versus the insulin concentration from 

which the insulin concentrations in the unknowns were calculated.  The intra-assay 

coefficient of variation for this assay is 2.0% and inter-assay coefficient of variation is 

5.7% (Diagnostic Systems Laboratories, Webster, TX).   

 
Psychometric Assessments 

 
 A 10 cm visual analog scale (VAS) was be used to measure the subjects’ 

cognitive expectancies of the effectiveness of the program.  Participants were asked, 

“How effective do you expect the nutrition and exercise program will help you achieve a 

healthy weight?” This VAS was anchored by “Not effective at all” and “Completely 

effective”. This instrument was given before the familiarization and during post-testing. 
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 The PedsQOL (Pediatric Quality of Life Inventory) is a modular instrument for 

measuring health-related quality of life (HRQOL) in children and adolescents ages 2 to 

18. The PedsQL 4.0 Generic Core Scales consist of 23 items applicable for healthy 

school and community populations, as well as pediatric populations with acute and 

chronic health conditions (Varni et al., 2006b).  In previous research, the PedsQL scales 

showed good internal consistency (PedsQL a range, 0.74 - 0.93) and test-retest reliability 

(PedsQL r range, 0.75 - 0.90), respectively (McCarthy Melissa L et al., 2005).  The items 

were scored, with the higher score representing better PedsQL.  Following the study, 

participants were asked to assess impressions about the research study.   

 The Patient-Centered Assessment and Counseling for Exercise (PACE) scales 

measure stages of change strategies, self-efficacy, decisional balance, family influences, 

and peer influences.  Questions address physical activity, sedentary behavior, fruit and 

vegetable consumption, and dietary fat.  Previous research has found that the measures of 

psychosocial constructs are appropriate for studies of dietary behaviors in young people 

(Hagler, Norman, Radick, Calfas, & Sallis, 2005), in addition to measures related to 

adolescents engaging in physical activity and sedentary behaviors (Norman, Sallis, & 

Gaskins, 2005).    

 
Medical Monitoring 

 
 Participants were informed to report any unexpected problems or adverse events 

they may encounter during the course of the study to their physical education or health 

teacher.  If clinically significant side effects were reported, the participants were referred 

to discuss the problem with the school nurse.  The research assistant and school nurse  
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were asked to notify the school’s study director of any adverse event.  Participants were 

expected to obtain medical care from their personal physician if an adverse event 

occurred.  New findings and/or medical referrals of unexpected problems and/or adverse 

events were documented, placed in the participants research file, and reported to the 

Baylor IRB committee.  Trained, non-physician exercise specialists certified in CPR 

supervised participants undergoing exercise assessments in the Exercise, Sports, and 

Nutrition Laboratory (ESNL).  A telephone and an automated electronic defibrillator are 

located in the laboratory in case of any emergencies and there was no less than two 

researchers working with each subject during testing sessions.  In the event of any 

unlikely emergency one researcher would check for vital signs and begin any necessary 

interventions while the other researcher would contact Baylor’s campus police at 

extension 2222.  Instructions for emergencies are posted above the phone in the event 

that any other research investigators are available for assistance.  Participants were 

informed to report any unexpected problems or adverse events they may encounter 

during the course of the study to Richard B. Kreider, PhD, EPC or Chris Rasmussen, MS, 

MX, EPC, CSCS.  If clinically significant side effects were reported, the participants 

would have been referred to discuss the problem with the research nurse practitioner 

(currently Melyn Galbreath, FNP), the school nurse, or Lori Greenwood, PhD, ATC who 

is an Associate Professor of Athletic Training at Baylor University.  If deemed necessary, 

Dr. Greenwood would refer the subject to Ron Wilson, MD for medical follow-up.  Dr. 

Wilson is one of the Sports Medicine physicians for Baylor University and is an adjunct 

Professor in the Department of HHPR.  He has agreed to provide medical support and 

consultation for this study and to the lab.  Dr. Wilson would evaluate the complaint and 
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make a recommendation whether any medical treatment is needed and/or whether the 

participant could continue in the study.  Should Dr. Wilson feel that medical follow-up 

was necessary; participants would be referred to obtain medical treatment from their 

personal physician.  This is a similar referral/medical follow-up system that Baylor 

athletes are provided with the exception that participants in this study will not be 

provided medical care.  New findings and/or medical referrals of unexpected problems 

and/or adverse events were documented, placed in the participants research file, and 

reported to the Baylor IRB committee.    

 
Post- Testing 

 
 Participants replicated all pre-testing assessments following 10 weeks of school 

intervention.  These tests determined whether the school intervention protocol affects 

QOL, health status, or promoted improvement in body composition in comparison to the 

control.  In addition, follow-up testing was conducted 3 months after the completion of 

the study.   

 
Data Analysis 

 
 Data were analyzed by with univariate 2x2 or 2x3 repeated measures ANOVA.  

Participants were matched according to age, and percent body fat, within class periods 

and randomized into standard PE or the multicomponent school-based program.  In order 

to ensure that no unintentional differences were observed in baseline values, one-way 

ANOVA was run on baseline values.  If statistically significant differences were 

found, data were analyzed by analysis of covariance (ANCOVA) using baseline values as 

the covariate in order to statistically control for differences in baseline values.  If no 
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baseline differences were found, data were analyzed by univariate 2 x 2 or 2 x 3 repeated 

measures ANOVA.   Delta values (post - pre) were calculated on variables of interest and 

analyzed by univariate ANOVA for repeated measures.   Data are presented as means and 

standard deviations.  If a significant group, treatment and/or interaction alpha level was 

observed, least significant differences (LSD) post-hoc analyses was performed to 

determine where significance was obtained.    
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CHAPTER FOUR 
 

Results 
 
 

 There were 42 participants that volunteered for the study and completed informed 

consent statements in compliance with Baylor University’s Institutional Review Board.  

Participants were matched according to percent body fat, within class periods and 

randomized into the PE or multicomponent school program.  One class was not split 

because of its small size (n = 2).  The 42 participants completed the 10-week study which 

included two testing sessions.  There were 20 participants in the control group (CON) and 

22 participants in the experimental group (EXP).  Additionally, twenty-nine participants 

completed a 3-month follow-up assessment.  As indicated in previous research (Wallis, 

Healy, Undy, & Maconochie, 2005), no attempt was made to identify those children with 

minor illness on the day of study due to the assumption that if they were well enough to 

attend school, they should be considered as part of a normal, healthy population (Wallis 

et al., 2005).  Univariate ANOVA was used to determine any baseline differences.  

Significant differences existed at baseline for the following dependent variables:  percent 

fat (p = 0.007), and dietary fat decisional balance of pro (p = 0.043) decisions.  To adjust 

for baseline differences, data were analyzed by analysis of covariance (ANCOVA) using 

baseline values as the covariate in order to statistically control for differences in baseline 

values.  Data are presented as means and standard deviations.  In addition, delta values 

(testing session-baseline) are given for significant data. 
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Demographics 
 

 Descriptive statistics were calculated using the mean and standard deviation for 

body mass, age in months, BMI, and percent body fat.  Participants were in early to 

middle adolescence (Delisle, 2005).  There were no statistically significant baseline 

differences between the means for age (p = 0.97), height (p = 0.34), BMI (p = 0.21), or 

body mass (p = 0.21).  Significant differences existed at baseline for percent body fat as 

measured by DXA (p = 0.007).   To adjust for baseline differences, data were analyzed 

by analysis of covariance (ANCOVA) using baseline values as the covariate in order to 

statistically control for differences in baseline values.  The univariate analysis of variance 

for percent fat was still significant (p = 0.000) in the corrected model.  Table 4 depicts the 

participant’s average age, height, body mass, BMI, and percent fat for each group.      

 
Table 4.   Group Demographics 

 
Variable 

 
Control (±SD) Experimental Group (±SD) 

Age (months) 
 

156.6 ± 12 156.7 ± 13 

T1 Weight (kg) 
 

71.7 ± 13.8 78.2 ± 18.7 

T1 Height (inches) 61.5 ± 2.7 62.21 ± 2.2 
 

T1 BMI 28.9 ± 5.0 31.7 ± 6.2 
 

T1 Body Fat (%) 
 

39.5 ± 5.2 43.5 ± 3.8 

Note:  All data represented as means (±SD). n = 42.  CON (n = 20), EXP (n = 22) 

 
General Health Variables 

 
Resting Heart Rate & Blood Pressure.  Statistical results in Table 5 revealed 

showed significant time differences of systolic blood pressure (p = 0.030) and diastolic 

blood pressure (p = 0.016).  Both groups showed an increase in systolic blood pressure 
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(CON 6.86 mmHg ± 21 and EXP 7.06 mmHg ± 19, p = 0.030), and a decrease in 

diastolic blood pressure (CON -7.23 mmHg ± 18 and EXP -4.27 mmHg ± 12, p = 0.016).  

Statistical analysis revealed no further statistical significance and is presented in Table 5.  

Due to these findings, the H1 hypothesis stating that there will statistically significant 

reductions in systolic blood pressure and heart rate in the experimental group as 

compared to the control group is rejected.    

 
Table 5.  Resting Heart Rate and Blood Pressure 

Variable Group T1 
 

T2 Source Significance 
(p-value) 

F ηp2 Power 

Control 75 ± 11 72 ± 11 Group .58 .31 .01 .09 

Exp 75 ± 12 76 ± 11 Time .59 .30 .01 .08 

Resting 
Heart Rate 
(bpm) 

   G x T .31 1.08 .03 .17 

Control 105 ± 16 112 ± 15 Group .30 1.08 .03 .17 

Exp 109 ± 10 115 ± 19 Time .030 * 5.03 .11 .59 

SBP 
(mm/hg) 

   G x T .97 .00 .00 .05 

Control 74 ± 15 67 ± 7 Group .69 .16 .00 .07 

Exp 73 ± 6 69 ± 10 Time .016* 6.31 .14 .69 

DBP 
(mm/hg) 

   G x T .52 .42 .01 .10 

Note:  Data represents heart rate and blood pressure variables for the study.  All data represented as means 
(±SD).  Experimental Group (n=20), Control Group (n=22).  Significant group, time and/or group x time 
interactions are depicted with an asterisk.  df =1 for all variables.  ηp2 is Parital eta squared. Small effect 
size = 0.10, medium = 0.25 and large = 0.40.  Power of 0.80 is considered large. 

 
 
 



82 

Body Composition Assessments 

 Body Composition.  Table 6 represents body composition measurements for the 

study.  As mentioned previously, significant differences existed at baseline for percent 

body fat (p = 0.007).   To adjust for baseline differences, data were analyzed by 

analysis of covariance (ANCOVA) using baseline values as the covariate in order to 

statistically control for differences in baseline values.  The univariate analysis of variance 

for percent body fat was still significant (p = 0.000) in the corrected model.  There were 

statistically significant time effects for body mass (p = 0.000), lean mass (p = 0.000), 

bone mineral content (p = 0.000), and bone mineral density (p = 0.000).  Percent body fat 

showed a significant trend (p = 0.06).  The mean delta changes were:  body mass (CON 

1.87kg ± 1.8 vs. EXP 0.52kg ± 1.9, p = 0.000), lean mass (CON 997g ± 1,589 and EXP 

931g ± 1,579, p = 0.000), bone mineral content (CON 48.91g ± 64 and EXP 52.17g ± 80, 

p = 0.000), and bone mineral density (CON 0.034 g/cm2 ± 0.02 and EXP 0.028 g/cm2 ± 

0.03, p = 0.000).  Because the participants are growing adolescents, these differences in 

body composition were expected.  Time significance represented an overall mean 

increase in body mass (1.6 % ± 3), increase in lean mass (2.7% ± 4), bone mineral 

content (3.6% ± 5) and bone mineral density (3.4% ± 3).  The mean delta percentage 

changes were:  body mass (CON 2.8% ± 3 vs. EXP 0.58% ± 2.5, p = 0.000), lean mass 

(CON 2.9% ± 5 and EXP 2.5% ± 4, p = 0.000), bone mineral content, (CON 3.6% ± 4 

and EXP 3.7% ± 6, p = 0.000), and bone mineral density (CON 3.7% ± 2 and EXP 3.1% 

± 3, p = 0.000).   

 Additionally, there were significant group x time interaction effects for body mass 

(p = 0.021), fat mass (p = 0.006), and percent fat (p = 0.024).  There was a group effect 
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for percent fat (p = 0.022).  Although body mass increased for both groups, (CON 1.87kg 

± 1.8 vs. EXP 0.52kg ± 1.9, p = 0.021), fat mass and percent body fat went down for the 

experimental group only.  Mean delta changes for fat were:  fat mass (CON 805g ± 1,544 

vs. EXP -687g ± 1,770, p = 0.006), and percent fat (CON 0.12% ± 1.9 vs. EXP -1.27% ± 

1.9, p = 0.024).  This represented an overall mean decrease in fat mass for the 

experimental group (-2.7% ± 6, p = 0.006), and an increase for the control group (3.6% ± 

6, p = 0.006).  Percent body fat decreased overall (-1.3% ± 5, p = 0.024), although the 

control group increased percent fat (0.524 % ± 4.7), and the experimental group 

decreased percent body fat (-2.9% ± 4).  Statistical analysis revealed no further statistical 

significance and is presented in Table 6.  Figures 2-6 illustrate the changes in body mass, 

fat mass, percent body fat, and the corresponding delta changes (baseline-post-testing).  

Due to these findings, the H2 hypothesis stating there will be statistically significant 

reductions in body weight and fat mass in the experimental group as compared to the 

control group was accepted. 

 
Table 6.  Body Composition 

 
Variable Group T1 

 
T2 Source Sig. 

(p-value) 
F ηp2 Power 

Control 71.71 ± 13.8 73.58 ± 13.6 Group .26 1.29 
 

.03 .20 

Exp 78.21 ± 18.7 78.73 ± 19.1 Time .000* 17.79 .31 .98 

Body 
Mass 
(kg) 

   G x T .021* 5.73 .13 .65 

Control 26124 ± 7738 26928 ± 7730 Group .11 2.73 .06 .36 

Exp 31638 ± 10528 30951 ± 10777 Time .82 .05 .00 .06 

DEXA 
Fat  Mass 
(grams)  

   G x T .006* 8.39 .17 .81 

(table continues) 
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Variable Group T1 
 

T2 Source Sig. 
(p-value) 

F ηp2 Power 

Control 37686 ± 6475 38682 ± 6257 Group .75 .10 .00 .06 

Exp 38409 ± 7357 39340 ± 7596 Time .000* 15.53 .28 .97 

DEXA 
Lean 
Mass 
(grams) 

   G x T .89 .02 .00 .05 

Control 39.5 ± 5 39.6 ± 5 Group .022* 5.72 .13 .65 

Exp 43.5 ± 4 42.2 ± 4 Time .06 3.83 .09 .48 

DEXA 
Percent 
Fat 

   G x T .024* 5.52 .12 .63 

Control 1586 ± 168 1582 ± 150 Group .13 2.35 .06 .05 

Exp 1649 ± 144 1656 ± 134  Time .90 .02 .00 .08 

DEXA 
Bone 
Mineral 
Area 
(cm2) 

   G x T .62 .25 .01 .32 

Control 1485 ± 254 1534 ± 251 Group .33 .97 .02 .16 

Exp 1557 ± 243 1609 ± 238 Time .000* 20.14 .34 .99 

DEXA 
Bone 
Mineral 
Content 
(grams) 

   G x T .89 .02 .00 .05 

Control .931 ± .08 .965 ± .08 Group .81 .06 .00 .06 

Exp .940 ± .07 .968 ± .08 Time .000* 56.23 .58 1.00 

DEXA 
Bone 
Mineral 
Density 
(g/cm2) 

   G x T .47 .54 .01 .11 

Note:  Data represents body composition and bone mineral content variables for the study.  All data 
represented as means (±SD).  Significant group, time and/or group x time interactions are depicted with an 
asterisk.  df =1 for all variables.  ηp2 is Parital eta squared. Small effect size = 0.10, medium = 0.25 and 
large = 0.40.  Power of 0.80 is considered large. 
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Figure 1:  Body Mass (kg) Delta Change.  There was significant group x time effect (p = 
0.021). 

 
 

 
Figure 2:  DEXA Percent Fat Delta Changes.  There was a significant group x time effect 
(p = 0.024) 
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Figure 3:  Body Fat (g) Delta Changes.  There was a significant group x time effect (p = 
0.006) 
 

 
Anthropometric Measurements.  Statistical results in Table 7 revealed a 

significant time effect for the waist (p = 0.005) and hip circumference (p = 0.029) with an 

increase in both groups over the 10-week time period.  The mean delta changes were as 

follows:  waist circumference (CON 0.64 inches ± 0.96 and EXP 0.34 inches ± 1.14, p = 

0.005), and hip circumference (CON 0.81 inches ± 1.11 and EXP 0.18 inches ± 1.66, p = 

0.029).  This represented an overall increase in waist (1.6% ± 3), and hip (1.2% ± 4) 

circumference.  This represented the following delta percentage changes:  waist 

circumference (CON 2.2% ± 3 and EXP 1% ± 4, p = 0.005), and hip circumference 

(CON 2.1% ± 3 and EXP 0.437% ± 4, p = 0.029).  There were no statistically significant 

group or time effects for waist or hip circumference, and all results are listed in Table 7.   
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Table 7.  Waist and Hip Circumferences 

Variable Group T1 
 

T2 Source Sig. 
(p-value) 

F ηp2 Power 

Control 33.01 ± 4.8 33.70 ± 4.3 Group .67 .19 .01 .07 

Exp 33.80 ± 4.9 34.14 ± 5.1 Time .005* 8.94 .18 .83 

Waist 
(inches) 

   G x T .37 .82 .02 .14 

Control 40.35 ± 4.0 41.16 ± 4.0  Group .51 .45 .01 .10 

Exp 41.55 ± 4.4 41.73 ± 4.7  Time .029* 5.11 .11 .60 

Hip 
(inches) 

   G x T .16 2.05 .05 .29 

Note:  All circumference data represented as means (±SD).  Significant group, time and/or group x time 
interactions are depicted with an asterisk.  df =1 for all variables.  ηp2 is Parital eta squared. Small effect 
size = 0.10, medium = 0.25 and large = 0.40.  Power of 0.80 is considered large. 

 
 

 Resting Energy Expenditure Assessment.  Table 8 displays the statistical variables 

for resting energy expenditure.  There was no statistically significant group, time, or 

group x time effects for the following variable resting measurements of:  VO2
 (L/min) (p 

= 0.26, p = 0.09, p = 0.17), VO2
 (ml/kg/min) (p = 0.88, p = 0.39, p = 0.49), kcal/min (p = 

0.22, p = 0.37, p = 0.16) or kcal/day (p = 0.25, p =0.25, p = 0.27).  Due to these findings, 

the H01 hypothesis stating there will be statistically significant time effect for resting 

energy expenditure in both groups is rejected.     

 
 

Table 8.  Resting Energy Expenditure 
 
Variable Group T1 T2 Source Sig. 

(p-value) 
F ηp2 Power 

Resting VO2 
(L/min) 

Control .24 ± .05 .24 ± .04 Group .26 1.33 .03 .20 

(table continues) 
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Variable Group T1 T2 Source Sig. 
(p-value) 

F ηp2 Power 

Exp .26 ± .04 .25 ± .04 Time .09 2.95 .07 .39 

   G x T .17 2.00 .05 .28 

Control 3.24 ± .51 3.22 ± .36 Group .88 .02 .00 .05 

Exp 3.32 ± .62 3.17 ± .53 Time .39 .75 .02 .14 

Resting 
VO2 
(ml/kg/min) 

   G x T .49 .49 .01 .11 

Resting 
Kcal/min 

Control 1.14 ± .22 1.15 ± .20 Group .22 1.53 .04 .23 

 Exp 1.24 ± .18 1.19 ± .19 Time .37 .82 .02 .14 

    G x T .16 2.01 .05 .28 

Resting 
Kcal/day 

Control 1657 ± 304 1655 ± 280 Group .25 1.36 .03 .21 

 Exp 1784 ± 280 1715 ± 270 Time .25 1.39 .03 .21 

    G x T .27 1.24 .03 .19 

Note:  Data represents resting energy expenditure variables for the study.  All data represented as means 
(±SD).  Significant group, time and/or group x time interactions are depicted with an asterisk.  df =1 for all 
variables.  ηp2 is Parital eta squared. Small effect size = 0.10, medium = 0.25 and large = 0.40.  Power of 
0.80 is considered large. 
 

 
Performance Variables 

 
Fitness Measures.  Table 9 displays the statistical variables for grip percentage 

(hand grip strength / body weight), push-up endurance, curl-up endurance, flexibility, 

VO2peak, and average pedometer steps per day.   There were no statistically significant 

time effects for grip percentage, push-up endurance, curl-up endurance, VO2peak, or the 

average pedometer steps per day.  However, the time effect for grip percentage did 

suggest a trend (p = 0.07) and may warrant future research.   Time effects were present 

for curl-up endurance (p = 0.000), and flexibility (p = 0.010).  In addition, a statistically 
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significant group effect for curl-up endurance (p = 0.007) was observed.  The mean delta 

changes were as follows:  curl-up endurance (CON 19 ± 23 and EXP 26 ± 19 p = 0.000), 

and flexibility (CON 1.37 inches ± 3.13 and EXP 1.09 inches ± 2.75, p = 0.010).  This 

represented an overall increase in curl-up endurance (131% ±168), and flexibility (22.8% 

± 64) with both groups improving over time.  However, there were no statistically 

significant group x time effects for grip percentage, push-up endurance, flexibility, 

VO2peak, or the average pedometer steps per day.   

Therefore, the H3 hypothesis which states that there will be statistically significant 

increase in fitness (flexibility, hand grip strength, push-up endurance, and curl-up 

endurance) in the experimental group as compared to the control group is rejected as 

there were no significant interactions.  Likewise, the H4 hypothesis which states that there 

will be statistically significant increase in physical activity (steps per day) in the 

experimental group as compared to the control group is also rejected.   The walk test 

VO2peak results also did not reveal significance, therefore the H5 hypothesis stating that 

there will be statistically significant improvements in aerobic capacity in the 

experimental group as compared to the control group is also rejected. 

 

Table 9.  Performance Variables 

Variable Group T1 
 

T2 Source Sig. 
(p-value) 

F ηp2 Power 

Control .38 ± .08 .36 ± .07 Group .85 .04 .00 .05 

Exp .38 ± .08 .37 ± .08 Time .07 3.60 .09 .46 

Grip % 
(grip in 
kg/wt in 
kg) 
 

   G x T .41 .69 .02 .13 

(table continues) 
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Variable Group T1 
 

T2 Source Sig. 
(p-value) 

F ηp2 Power 

Control 7.5 ± 8.8 6.4 ± 4.4 Group .67 .19 .01 .07 

Exp 6.1 ± 5.7  9. 2 ± 5.9 Time .42 .67 .02 .13 

Push-ups 
 

   G x T .08 3.30 .08 .43 

Control 24 ± 20 43 ± 22 Group .007* 7.97 .17 .79 

Exp 34 ± 17 60 ± 19 Time .000* 45.70 .54 1.00 

Curl-ups 

   G x T .28 1.19 .03 .19 

Control 11.11 ± 3.4 12.49 ± 2.8 Group .28 1.21 .03 .19 

Exp 12.26 ± 3.7 13.35 ± 3.2 Time .010* 7.37 .16 .76 

Flexibility 
(inches) 

   G x T .76 .10 .00 .06 

Control 21.78 ± 5.2 23.24 ± 6.7 Group .61 .27 .01 .08 

Exp 21.08 ± 5.8 22.41 ± 5.3 Time .17 1.95 .05 .28 

Walk Test  
VO2peak 
ml/kg 

   G x T .95 .00 .00 .05 

Control 6975 ± 3130 7126 ± 3538 Group .90 .02 .00 .05 

Exp 6953 ± 2900 7367 ± 2699 Time .39 .77 .02 .14 

Pedometer 
Average 
(steps per 
day) 

   G x T .69 .17 .00 .07 

Note:  All data represented as means (±SD).  Significant group, time and/or group x time interactions are 
depicted with an asterisk.  df =1 for all variables.  ηp2 is Parital eta squared. Small effect size = 0.10, 
medium = 0.25 and large = 0.40.  Power of 0.80 is considered large. 
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Blood Samples 
 
 Serum Chemistry Profiles.  Table 10 summarizes the lipid values for the serum 

chemistry values observed throughout the study.  There were no statistically significant 

group, time, or group x time effects for total cholesterol, LDL cholesterol, or HDL 

cholesterol.  However, there was a statistically significant group x time effect for 

triglycerides (p = 0.002).   The mean delta changes for triglycerides (TGL) were (CON 

25.20 mg/dL ± 49.36, vs. EXP -15.55 mg/dL ± 30.21, p = 0.002).  Although this 

represented an overall increase in TGL (16.3% ± 69), the delta percentage changes 

indicated an increase in the control group (CON 44.8% ± 85) and a decrease in the 

experimental group (-9.6% ± 35).  Figures 7 and 8 illustrate triglyceride changes over the 

course of the study.  Therefore, due to these findings, the H6 hypothesis stating that there 

will be statistically significant improvements in lipids (total, low-density lipoprotein 

cholesterol, high-density lipoprotein cholesterol, and triglycerides) in the experimental 

group as compared to the control group is accepted. 

 
Table 10.  Serum Chemistry: Lipid Panel 

 
Variable Group T1 

 
T2 Source Sig. 

(p-value) 
F 
 

ηp2 Power 

Control 86 ± 39 111 ± 55 Group .93 .01 .00 .05 

Exp 108 ± 53 92 ± 43 Time .44 .60 .02 .12 

TGL 
(mg/dl) 
 
 

   G x T .002* 10.63 .21 .89 

Control 141 ± 40 147 ± 43 Group .87 .03 .00 .05 

Exp 150 ± 36 142 ± 28 Time .78 .08 .00 .06 
 
 

Total 
CHOL 
(mg/dl) 
 
 
    G x T .13 2.35 .06 .32 

(table continues) 
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Variable Group T1 
 

T2 Source Sig. 
(p-value) 

F 
 

ηp2 Power 

Control 88 ± 30 91 ± 31 Group .83 .05 .00 .06 

Exp 94 ± 28 88 ± 25 Time .70 .15 .00 .07 

LDL 
CHOL 
(mg/dL) 

   G x T .15 2.12 .05 .30 

Control 41 ± 11 42 ± 11 Group .74 .12 .01 .06 

Exp 42 ± 11 39 ± 6 Time .59 .29 .02 .08 

HDL 
CHOL 
(mg/dL) 

   G x T .35 .90 .00 .15 

Note:  Data represents serum metabolic levels for the study.  All data represented as means (±SD).  
Significant group, time and/or group x time interactions are depicted with an asterisk. df =1 for all 
variables.  ηp2 is Parital eta squared.  Small effect size = 0.10, medium = 0.25 and large = 0.40.   
Power of 0.80 is considered large. 
 
 

 

 
Figure 4:  Triglyceride Delta changes over the course of the study.  There was a 
significant group x time effect (p = 0.002). 
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 Table 11 summarizes metabolic and hormonal markers observed throughout the 

study.  There was no statistically significant group, time or group x time interaction 

effects for insulin, the glucose-insulin ratio, or HOMA-B.  The following variables were 

statistically significant for time effects:  glucose (p = 0.011), and HOMA-IR (p = 0.017).  

The mean delta changes for glucose were (CON 7.75 mg/dL ± 16.55 and EXP 4.05 

mg/dL ± 11.82, p = 0.011).  This represented an overall increase in blood glucose (9.8% 

± 23).  The group mean percentage changes were (CON 11.9% ± 23 vs. EXP 8.0% ± 22, 

p = 0.011).  In addition, there was a statistically significant group x time effect for 

HOMA-IR (p = 0.052).  The mean delta changes for HOMA-IR were (CON 2.72 ± 3.8 

vs. EXP 0.30 ± 4.0, p = 0.052), with an overall increase in insulin resistance (32.8% ± 

69). The percentage changes for HOMA-IR were (CON 49.4% ± 70 vs. EXP 17.6% ± 67, 

p = 0.052), indicating less insulin resistance in the experimental group.  However, there 

were no significant changes in HOMA-B or insulin,   indicating less insulin resistance in 

the experimental group.  Due to the results, the H7 hypothesis which states that there will 

be statistically significant improvements in metabolic markers (insulin, glucose, HOMA-

IR, HOMA-B) in the experimental group as compared to the control group is partially 

accepted due to the improvement in HOMA-IR.  

 There were no statistically significant group, time or group x time interaction 

effects for leptin (p = 0.79, p = 0.32, p = 0.81).  Therefore, the H8 hypothesis which states 

that there will be statistically significant reductions in leptin levels in the experimental 

group as compared to the control group is rejected.   
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Table 11.  Serum Chemistry: Metabolic Markers 
 

Variable Group T1 
 

T2 Source Sig. 
(p-value) 

F ηp2 Power 

Control 83 ± 18 91 ± 18 Group .29 1.17 .03 .18 

Exp 81 ± 13 85 ± 8 Time .011* 7.17 .15 .74 

Glucose 
(mg/dL) 

   G x T .41 .71 .02 .13 

Control 332 ± 147  351 ± 113  Group .79 .07 .00 .06 

Exp  346 ± 141   357± 130  Time .32 1.0 .02 .16 

Insulin 
(pmol/ml) 

   G x T .81 .06 .00 .06 

Control 2.05 ± 1.16  1.86 ± 0.82  Group .76 .10 .00 .06 

Exp  1.82 ± 0.86  1.94 ± 0.83  Time .83 .05 .00 .06 

Glucose-
Insulin 
Ratio 

   G x T .32 1.00 .02 .16 

Control 9.39 ± 4.27  12.11 ± 3.75  Group .80 .07 .00 .06 

Exp  10.29 ± 5.03  10.58 ± 4.08  Time .017* 6.22 .14 .68 

HOMA-IR 

   G x T .052* 4.02 .09 .50 

Control 1005 ± 2080  643 ± 585  Group .30 1.13 .03 .18 

Exp  1391 ± 1471  857 ± 274  Time .13 2.44 .06 .33 

HOMA-B 

   G x T .77 .09 .00 .06 

Leptin 
(ng/ml) 

Control 30 ± 14 32 ± 15  Group .73 .12 .00 .06 

 Exp  34 ± 17   32 ± 16  Time .94 .01 .00 .05 

    G x T .18 1.86 .05 .26 

Note:  Data represents serum metabolic and hormonal levels for the study.  All data represented as means 
(±SD).  Significant group, time and/or group x time interactions are depicted with an asterisk.  
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Figure 5:  HOMA-IR delta changes over the course of the study.  There was a significant 
group x time effect (p = 0.052). 

 
  
 Table 12 summarizes serum chemistry values representing clinical safety markers 

for liver function observed throughout the study.  Statistically significant time effects 

were found for ALT (p = 0.000), indicating an overall increase (15.8% ± 16, p = 0.000), 

without group or group x time significance.  The mean delta changes for ALT were 

(CON 4.90 U/L ± 5.57 and EXP 3.95 U/L ± 4.93, p = 0.000).  Although a significant 

time effect was present, mean levels for ALT (CON 28.75 U/L ± 5.6 and EXP U/L 29.68 

± 6.2), remained within normal clinical ranges (Schwimmer et al., 2005).  Results 

indicated no statistically significant group, time, or group x time effects for the following 

variables:  GGT, ALP, AST, or total bilirubin. Although the time effect of GGT suggests 

a trend (p = 0.06), the mean levels still remained within normal clinical ranges (CON 

29.35 ± 7.8 and EXP 25.23 ± 5.5). 
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Table 12.  Serum Chemistry: Clinical Safety Markers (Liver Function) 

 
Variable Group T1 

 
T2 Source Sig. 

(p-value) 
F ηp2 Power 

Control 27.50 ± 10.1 29.35 ± 7.8 Group .10 2.80 .07 .37 

Exp 24.23 ± 6.1 25.23 ± 5.5 Time .06 3.84 .09 .48 

GGT 
(U/L) 

   G x T .56 .34 .01 .09 

Control 187 ± 122 189 ± 118 Group .58 .31 .01 .01 

Exp 174 ± 140 158 ± 127 Time .28 1.22 .03 .19 

ALP 
(U/L) 

   G x T .14 2.28 .05 .31 

Control 28.75 ± 5.6 33.65 ± 9.1 Group .82 .06 .00 .06 

Exp 29.68 ± 6.2 33.64 ± 6.1 Time .000* 29.85 .43 1.00 

ALT 
(U/L) 

   G x T .56 .34 .01 .09 

Control 18.10 ± 5.4 19.00 ± 6.9 Group .28 1.18 .03 .19 

Exp 17.18 ± 7.5 16.14 ± 4.4 Time .93 .01 .00 .05 

AST 
(U/L) 

   G x T .23 1.52 .04 .23 

Control .370 ± .14 .340 ± .15 Group .22 1.55 .04 .23 

Exp .468 ± .26 .414 ± .34 Time .12 2.59 .06 .35 

Total 
Bilirubin 
(mg/dL) 

   G x T .64 .22 .01 .07 

Note:  Data represents serum metabolic/enzyme levels for the study.  All data represented as means (±SD).  
Significant group, time and/or group x time interactions are depicted with an asterisk.  df =1 for all 
variables.  ηp2 is Parital eta squared. Small effect size = 0.10, medium = 0.25 and large = 0.40.  Power of 
0.80 is considered large. 
 

 
Table 13 summarizes additional serum chemistry values representing clinical 

safety markers observed throughout the study.  There was no statistically significant 
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group, time, or group x time effects for the following variables:  total protein, albumin, 

creatinine, or calcium.  In addition, there was no group effect or group x time effect for 

total CK, BUN, or the BUN to creatinine ratio.  However, statistically significant time 

effects were present for total CK (p = 0.000), BUN (p = 0.008), and the BUN to 

Creatinine Ratio (p = 0.005).  This represented an overall increase in CK (62.4% ± 96), 

BUN (24% ± 55), and the BUN Creatinine Ratio (19.9% ± 38). The mean deltas changes 

are as follows:  total CK (CON 38.25mg/dL ± 54.05 and EXP 22.36mg/dL ± 34.04, p = 

0.000), BUN (CON 2.05 mg/dL ± 3.25 and EXP 0.409 mg/dL ± 2.46, p = 0.008), and the 

BUN to Creatinine Ratio (CON 2.69 ± 4.21 and EXP 2.26 ± 6.24, p = 0.005).  While 

significant differences were observed, it should be noted that the mean levels did not 

exceed normal clinical values.  

 
Table 13.  Serum Chemistry:  Clinical Safety Markers 

 
Variable Group T1 

 
T2 Source Sig. 

(p-value) 
F ηp2 Power 

Control 74 ± 37 112 ± 66 Group .38 .81 .02 .14 

Exp 69 ± 50 91 ± 48 Time .000* 19.28 .33 .99 

Total CK 
(mg/dl) 

   G x T .26 1.33 .03 .20 

Control 6. 90 ± 1.1 7.42 ± 1.1 Group .59 .29 .01 .08 

Exp 6.97 ± 1.1 7.07 ± 0.8 Time .11 2.62 .06 .35 

Total 
Protein 
(g/dl) 

   G x T .28 1.20 .03 .19 

Control 4.07 ± 0.9 4.23 ± 1.0 Group .37 .81 .02 .14 Albumin 
(g/dl) 

Exp 4.00 ± 0.6 3.91 ± 0.5 Time .78 .08 .00 .06 

(table continues) 
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Variable Group T1 
 

T2 Source Sig. 
(p-value) 

F ηp2 Power 

   G x T .32 1.00 .02 .17 

Control 7.55 ± 2.7 9.6 ± 3.0 Group .52 .42 .01 .10 

Exp 8.86 ± 2.7  9.3 ± 2.9 Time .008* 7.72 .16 .77 

BUN 
(mg/dl) 

   G x T .07 3.44 .08 .44 

Control .535 ± .18 .570 ± .17 Group .33 .98 .02 .16 

Exp .511 ± .18 .509 ± .10 Time .52 .42 .01 .10 

Creatinine 
(mg/dl) 

   G x T .47 .55 .01 .11 

Control 14.67 ± 5 17. 35 ± 5 Group .13 2.35 .06 .32 

Exp 18.04 ± 8 20.31 ± 9 Time .005* 8.88 .18 .83 

BUN: 
Creatinine 

   G x T .80 .06 .00 .06 

Control 8.96 ± 1.7 9.39 ± 1.6 Group .33 .97 .02 .16 

Exp 8.81 ± 1.2 8.81 ± 0.8 Time .31 1.06 .03 .17 

Calcium 
(mg/dl) 

   G x T .30 1.10 .03 .18 

Note:  Data represents serum metabolic/enzyme levels for the study.  All data represented as means (±SD).  
Significant group, time and/or group x time interactions are depicted with an asterisk.  df =1 for all 
variables.  ηp2 is Parital eta squared. Small effect size = 0.10, medium = 0.25 and large = 0.40.  Power of 
0.80 is considered large. 
  

 Whole Blood Cell Analysis.  Table 14 depicts the whole blood cell analysis during 

the study.  There were statistically significant time effects for basophils (p = 0.025), and 

eosinophils (p = 0.006).  This represented an overall decrease in absolute basophils (-

5.6% ± 39), and an increase in absolute eosinophils (37.6% ± 70).  Although the mean 

level of basophils decreased, there was a mean percentage increase in the control group 
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(0.84% ± 50) and a decrease in the experimental group (-11.5% ± 26).  The mean delta 

changes were as follows:  absolute basophils (CON -6.90 ± 30.05 and EXP -12.23 ± 

22.91, p = 0.025), and absolute eosinophils (CON 43.85 ± 91.98 and EXP 84.09 ± 

176.19, p = 0.006).  There were no statistically significant changes in WBC, NEU, LYM, 

MONO, RBC, HGB, or HGT.  Therefore, the H02 hypothesis stating that there will be no 

statistically significant changes in standard clinical chemistries assessing general health 

status is accepted. 

 
Table 14.  Whole Blood Cell Values 

 
Variable Group T1 

 
T2 Source Sig. 

(p-value) 
F ηp2 Power 

Control 6.95 ± 1.7 7.19 ± 1.7 Group .37 .82 .02 .14 

Exp 7.40 ± 1.9 7.70 ± 2.1 Time .26 1.31 .03 .20 

WBC 
(K/µl) 

   G x T .91 .01 .91 .05 

Control  4383 ± 1478 4710 ± 1404  Group .58 .32 .01 .09 

Exp  4658 ± 1800 4955 ± 1782  Time .14 2.30 .05 .32 

NEU 
(K/µl) 

   G x T .94 .01 .00 .05 

Control 1843 ± 599  1717 ± 713  Group .31 1.07 .03 .17 

Exp  1995 ± 543  1909 ± 454  Time .13 2.42 .06 .33 

LYM 
(K/µl) 

   G x T .77 .09 .00 .06 

Control 519 ± 175  524 ± 143  Group .36 .86 .02 .15 

Exp  475 ± 148  488 ± 149 Time .66 .20 .01 .07 

MONO 
(K/µl) 

   G x T .84 .04 .00 .05 

(table continues)
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Variable Group T1 
 

T2 Source Sig. 
(p-value) 

F ηp2 Power 

Control 69.8 ± 28  63.0 ± 23  Group .250 1.36 .03 .21 

Exp  79.5 ± 23  67.2 ± 19  Time .025* 5.44 .12 .62 

BASO 
(K/µl) 

   G x T .52 .42 .01 .10 

Control  129 ± 78  173 ± 120  Group .14 2.31 .06 .32 

Exp  195 ± 174  280 ± 314  Time .006* 8.44 .17 .81 

EOS 
(K/µl) 

   G x T .37 .84 .02 .15 

Control  4.76 ± .45  4.77 ± .41  Group .34 .93 .02 .16 

Exp  4.87 ± .32  4.89 ± .39  Time .76 .10 .00 .06 

RBC 
(M/µl) 

   G x T .83 .05 .00 .06 

Control  12.88 ± 1.2  12.92 ± 1.1  Group .14 2.27 .05 .31 

Exp  13.35 ± .71 13.31 ± .92  Time .98 .00 .00 .05 

HGB 
(g/dl) 

   G x T .74 .11 .00 .06 

Control 41.3 ± 3.4  41.1 ± 3.2  Group .07 3.45 .08 .44 

Exp  42.7 ± 3.2  42.7 ± 2.9  Time .78 .08 .00 .06 

HCT(%) 

   G x T .82 .05 .00 .06 

Note:  Data represents differential white blood cell levels for the study.  All data represented as means 
(±SD).  Significant group, time and/or group x time interactions are depicted with an asterisk.  df =1 for all 
variables.  ηp2 is Parital eta squared. Small effect size = 0.10, medium = 0.25 and large = 0.40.  Power of 
0.80 is considered large. 

 
 

Psychometric Questionnaires 
 

 Expectancy Scale.  Table 15 represents expectancy values.  A Visual Analog 

Expectancy Scale was used to determine expectancy.  Participants marked a straight 
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vertical line at any point on the 10-cm line that measured expectancy to achieve a healthy 

weight.  There was a statistically significant group effect (p = 0.024), but no further 

significance.  The mean delta changes were (CON -0.655mm ± 3.78 and EXP 0.336mm ± 

2.93, p = 0.024).  However, due to the data results, the H03 hypothesis which stated that 

there will be no statistically significant differences among expectancy in both groups is 

accepted.   

 
Table 15.  Expectancy Analysis 

Variable Group T1 
 

T2 Source Sig. 
(p-value) 

F ηp2 Power 

Control  6.8 ± 2.9 6.1 ± 2.7  Group .024* 5.51 .12 .63 

Exp  7.5 ± 2.2   7.8 ± 1.6  Time .76 .09 .00 .06 

Expectancy 
(mm) 

   G x T .35 .91 .02 .15 

Note:  All data represented as means (±SD).  Significant group, time and/or group x time interactions are 
depicted with an asterisk. df =1 for all variables.  ηp2 is Parital eta squared. Small effect size = 0.10, 
medium = 0.25 and large = 0.40.  Power of 0.80 is considered large. 
  

 
 Pediatric Quality of Life.  Pediatric Quality of life (PedsQL) statistics are shown 

in Table 16.  There was no statistically significant group, time, or group by time 

interactions between groups for psychosocial health.  Likewise, there were no statistically 

significant between group effects for physical health.  However, analysis revealed 

statistically a trend for both time (p = 0.06), and group x time effects (p = 0.07) for the 

physical health summary score.  This trend represented an overall increase in the physical 

health summary score (7% ± 21), and represented increases in both the control (13.2% ± 

23) and experimental group (1.3% ± 16).  Mean delta changes were (CON 7.52 ± 13.48 
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and EXP 0.24 ± 12.16, p = 0.06).  However, the H9 hypothesis which stated that there 

would be statistically significant improvements in pediatric quality of life (physical, 

emotional, social, and school functioning) in the experimental group as compared to the 

control group is rejected.   

 
Table 16.  Pediatric Quality of Life 

Variable Group T1 
 

T2 Source Sig. 
(p-value) 

F ηp2 Power 

Control  78.5 ± 15.5 86.0 ± 11.2  Group .81 .06 .00 .06 

Exp  81.4 ± 9.9  82.6 ± 10.6  Time .06 3.85 .09 .48 

Physical 
Health  

   G x T .07 3.38 .08 .43 

Control  73.3 ± 9.9  77.3 ± 12.6  Group .34 .93 .02 .16 

Exp  71.9 ± 11.4   72.70 ± 13.5  Time .24 1.42 .03 .21 

Psycho-
social 
Health  

   G x T .42 .66 .02 .12 

Note:  All data represented as means (±SD).  Significant group, time and/or group x time interactions are 
depicted with an asterisk.  df =1 for all variables.  ηp2 is Parital eta squared. Small effect size = 0.10, 
medium = 0.25 and large = 0.40.  Power of 0.80 is considered large. 
 
 
 PACE Measures: Physical Activity.  Table 17 lists measures for physical activity.  

The analysis revealed a statistically significant group x time effect physical activity 

environmental factors (p = 0.039).  This represented an overall increase in physical 

activity environmental factors (1.9% ± 25).  The mean delta changes for environmental 

factors were (CON -0.328 ± 0.72, and EXP 0.171 ± 0.79, p = 0.039), indicating a greater 

improvement for the experimental group.  Specifically, the mean delta percentage 

changes were (CON -6.92% ± 18.66, and EXP 9.96% ± 27.79).  Also present was a 

statistically significant trend for the time effect for days physically active (p = 0.06), 
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which may warrant further investigation.  Mean delta changes for days physically active 

were (CON 1.15 ± 1.75 and EXP -0.021 ± 1.82, p = 0.06), revealing an increase in the 

control and a decrease in the experimental group.  There were no statistically significant 

time effects for the following:  stages of change, change strategies, decisional balance of 

physical activity pro and con decisions, self efficacy, family influence, peer influence, or 

environmental factors.  In addition, statistical significance was not found for group for 

days of physical activity, stages of change, change strategies, decisional balance of 

physical activity pro and con decisions, self efficacy, family influence, peer influence, or 

environmental factors.  Furthermore, there was no group x time effects for stages of 

change, change strategies, decisional balance of physical activity pro and con decisions, 

self efficacy, family influence or peer influence.   

 
Table 17.  PACE Measures:  Physical Activity 

 
Variable Group T1 

 
T2 Source Sig. 

(p-value) 
F ηp2 Power 

Control 2.18 ± 1.3  3.24 ± 1.8  Group .61 .26 .01 .08 

Exp  2.47 ± 1.7  2.55 ± 1.7 Time .06 3.88 .09 .49 

Days of 
Physical 
Activity 

   G x T .10 2.91 .07 .38 

Control 2.63 ± 0.6  3.00 ± 1.3  Group .14 2.24 .05 .31 

Exp  2.45 ± 1.0 2.50 ± 1.0 Time .35 .88 .02 .15 

Stage of 
Change 

   G x T .47 .54 .01 .11 

Control 2.96 ± 0.6  3.12 ± 0.7 Group .81 .06 .00 .06 

Exp  2.95 ± 0.7  3.05 ± 0.7  Time .26 1.33 .03 .20 

Physical 
Activity  
Change  
Strategies 

   G x T .81 .06 .00 .06 

Physical 
Activity Pros 

Control 4.06 ± 0.9  3.48 ± 1.0  Group .06 3.72 .09 .47 

(table continues) 
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Variable Group T1 
 

T2 Source Sig. 
(p-value) 

F ηp2 Power 

Exp  4.16 ± 0.7 4.07 ± 0.7  Time .08 3.30 .08 .43 

   G x T .19 1.76 .04 .25 

Control  2.21 ± 0.8  2.25 ± 0.8 Group .96 .00 .00 .05 

Exp  2.31 ± 0.8  2.17 ± 0.9  Time .75 .11 .00 .06 

Physical 
Activity Cons 

   G x T .58 .31 .01 .09 

Control  3.30 ± 1.0 3.21 ± 0.9 Group .75 .11 .00 .06 

Exp  3.03 ± 0.8  3.34 ± 0.8  Time .45 .59 .01 .12 

Physical 
Activity 
Confidence 
(Self 
Efficacy) 

   G x T .15 2.12 .05 .30 

Control  3.38 ± 0.8  3.21 ± 1.0  Group .06 3.74 .09 .08 

Exp  2.84 ± 1.1  2.84 ± 0.9 Time .64 .22 .01 .08 

Physical 
Activity 
Family 
Support 
(Family 
Influences)    G x T .64 .23 .01 .47 

Control 3.28 ± 1.0  3.03 ± 0.9  Group .29 1.17 .03 .18 

Exp  2.94 ± 0.9  2.86 ± 0.9  Time .31 1.05 .03 .17 

Physical 
Activity 
Friend 
Support (Peer 
Influences) 

   G x T .61 .26 .01 .08 

Control 3.49 ± 1.0  3.17 ± 0.9  Group .90 .02 .00 .05 

Exp  3.27 ± 0.9  3.44 ± 0.7  Time .50 .46 .01 .10 

Physical 
Activity 
Environ-
mental 
Factors 

   G x T .039* 4.55 .10 .55 

Note:  All data represented as means (±SD).  Significant group, time and/or group x time interactions are 
depicted with an asterisk.  df =1 for all variables.  ηp2 is Parital eta squared. Small effect size = 0.10, 
medium = 0.25 and large = 0.40.  Power of 0.80 is considered large. 

 
 
 PACE Measures: Sedentary Behavior.  Table 18 lists measures for sedentary 

behavior.  There was a statistically significant time effect for stages of change (p = 

0.008), without further significance.  Both groups improved with mean delta changes for 

stages of changes as follows:  (CON 0.70 ± 1.17 and EXP 0.50 ± 1.57, p = 0.008).  
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Furthermore, there was no statistically significant group, time, or group x time effects for 

the following:  sedentary habits on school days, sedentary habits on non-school days, 

change strategies, sedentary behavior pro and con decisions, self efficacy, family 

influence, or peer influence.   However, the time effect for self efficacy (p = 0.07), 

suggests a trend and may warrant further research.  The mean delta changes for sedentary 

behavior self efficacy were (CON -0.275 ± 1.06 and EXP -0.378 ± 1.19, p = 0.07), 

indicating that both groups reported decreases in self-efficacy. 

 
Table 18.  PACE Measures:  Sedentary Behavior 

Variable Group T1 
 

T2 Source Sig. 
(p-value) 

F ηp2 Power 

Control 2.40 ± 1.8 2.45 ± 1.6  Group .97 .00 .00 .05 

Exp  2.59 ± 1.6  2.23 ± 1.7  Time .61 .27 .01 .08 

Sedentary 
Habits on 
School Days 

   G x T .50 .46 .01 .10 

Control 2.70 ± 1.9  2.40 ± 1.5  Group .61 .27 .01 .08 

Exp 2.95 ± 2.1  2.64 ± 1.7  Time .36 .88 .02 .15 

Sedentary 
Habits on 
Non-School 
Days 

   G x T .98 .00 .00 .05 

Control 2.70 ± 1.3  3.40 ± 1.1  Group .86 .03 .00 .05 

Exp  2.86 ± 1.3  3.36 ± 1.5  Time .008* 7.77 .16 .78 

Sedentary 
Habits Stage 
of Change 

   G x T .65 .22 .01 .07 

Control 2.82 ± 0.9  2.89 ± 0.7  Group .71 .15 .00 .07 

Exp  2.91 ± 0.5 2.93 ± 0.6 Time .73 .12 .00 .06 

Sedentary 
Habits  
Change 
Strategies 

   G x T .83 .05 .00 .06 

Control 2.70 ± 1.0  2.79 ± 0.7  Group .65 .21 .01 .07 Sedentary 
Habits  Pros 

Exp  2.84 ± 0.9  2.82 ± 0.5  Time .84 .04 .00 .06 

(table continues) 
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Variable Group T1 
 

T2 Source Sig. 
(p-value) 

F ηp2 Power 

   G x T .71 .14 .00 .07 

Control 2.64 ± 1.0  2.82 ± 0.6  Group .59 .29 .01 .08 

Exp  2.72 ± 0.8  2.49 ± 0.9  Time .85 .04 .00 .05 

Sedentary 
Habits  Cons 

   G x T .15 2.20 .05 .30 

Control 3.34 ± 1.2  3.06 ± 1.0  Group .39 .75 .02 .14 

Exp  3.62 ± 0.7  3.24 ± 1.2  Time .07 3.49 .08 .44 

Sedentary 
Habits  
Confidence 
(Self Efficacy) 

   G x T .77 .09 .00 .06 

Control 2.83 ± 1.3  2.83 ± 1.1  Group 1.00 .00 .00 .05 

Exp 2.74 ± 1.2  2.74 ± 1.2  Time .62 .25 .01 .08 

Sedentary 
Habits  Family 
Support 
(Family 
Influences) 

   G x T .63 .24 .01 .08 

Control 2.72 ± 0.7  2.38 ± 0.8 Group .65 .21 .01 .07 

Exp  2.58 ± 0.6  2.37 ± 0.7 Time .11 2.75 .06 .37 

Sedentary 
Habits  Friend 
Support (Peer 
Influences) 

   G x T .70 .15 .00 .07 

Note:  All data represented as means (±SD).  Significant group, time and/or group x time interactions are 
depicted with an asterisk.  df =1 for all variables.  ηp2 is Parital eta squared. Small effect size = 0.10, 
medium = 0.25 and large = 0.40.  Power of 0.80 is considered large. 
  

 
PACE Measures: Fruit and Vegetable Consumption.  Table 19 lists measures for 

fruit and vegetable consumption.  There was a statistically significant group x time effect 

for decisional balance of fruit and vegetable con decisions (p = 0.043), without further 

significance.  The mean delta changes for fruit and vegetable con decisions were (CON 

0.541 ± 0.87 and EXP -0.056 ± 0.97, p = 0.043).  This represented an overall increase of 

fruit and vegetable con decisions in the control group (31.7% ± 50), and in the 

experimental group (3.4% ± 47).  However, there was no statistically significant group, 
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time, or group x time effects for the following:  fruit and vegetable servings, stages of 

change, change strategies, decisional balance of fruit and vegetable pro decisions, self 

efficacy, family influence, or peer influence.  

 
Table 19.  PACE Measures:  Fruit & Vegetable Consumption  

 
Variable Group T1 

 
T2 Source Sig. 

(p-value) 
F ηp2 Power 

Control 2.71 ± 1.7  3.29 ± 1.8  Group .54 .39 .01 .09 

Exp  3.42 ± 1.7  3.16 ± 1.6 Time .62 .25 .01 .08 

Fruit & 
Vegetable 
Servings 

   G x T .20 1.73 .05 .25 

Control 2.56 ± 1.0  3.30 ± 1.4  Group .50 .47 .01 .10 

Exp  2.85 ± 1.1  2.70 ± 1.1  Time .29 1.17 .03 .18 

Fruit & 
Vegetable 
Stage of 
Change 

   G x T .09 3.00 .07 .39 

Control 2.84 ± 1.2  3.09 ± 0.8  Group .64 .23 .01 .08 

Exp  2.80 ± 0.9  2.89 ± 0.8  Time .23 1.48 .04 .22 

Fruit & 
Vegetable   
Change 
Strategies 

   G x T .58 .31 .01 .08 

Control 3.44 ± 1.3  3.11 ± 1.1  Group .58 .31 .01 .09 

Exp  3.53 ± 1.1  3.35 ± 1.0  Time .20 1.74 .04 .25 

Fruit & 
Vegetable     
Pros 

   G x T .69 .16 .00 .07 

Control  1.77 ± 0.5  2.31 ± 1.0  Group .79 .07 .00 .06 

Exp  2.01 ± 0.8 1.96 ± 0.9  Time .10 2.89 .07 .38 

Fruit & 
Vegetable   
Cons 

   G x T .043* 4.37 .10 .53 

Control 3.54 ± 1.3  3.47 ± 1.3 Group .15 2.13 .05 .30 

Exp  3.93 ± 0.8  3.98 ± 1.0  Time .95 .00 .00 .05 

Fruit & 
Vegetable     
Confidence 
(Self 
Efficacy) 

   G x T .68 .18 .00 .07 

(table continues)
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Variable Group T1 
 

T2 Source Sig. 
(p-value) 

F ηp2 Power 

Control 3.10 ± 1.4  3.13 ± 1.2  Group .72 .14 .00 .07 

Exp  3.38 ± 1.1 3.11 ± 1.3  Time .48 .50 .01 .11 

Fruit & 
Vegetable     
Family 
Support 
(Family 
Influences)    G x T .39 .75 .02 .14 

Control 3.13 ± 0.8  3.12 ± 0.7   Group .40 .73 .02 .13 

Exp  2.89 ± 0.8  3.00 ± 0.8  Time .61 .26 .01 .08 

Fruit & 
Vegetable     
Friend 
Support 
(Peer 
Influences)    G x T .55 .36 .01 .09 

Note:  All data represented as means (±SD).  Significant group, time and/or group x time interactions are 
depicted with an asterisk.  df =1 for all variables.  ηp2 is Parital eta squared. Small effect size = 0.10, 
medium = 0.25 and large = 0.40.  Power of 0.80 is considered large. 

 
 

 PACE Measures: Dietary Fat Consumption.  Table 20 lists measures for dietary 

fat consumption.  Significant differences existed at baseline for decisional balance of 

dietary fat pro decisions (p = 0.043) and dietary fat self-efficacy (p = 0.021).  To adjust 

for baseline differences, data were analyzed by analysis of covariance (ANCOVA) using 

baseline values as the covariate in order to statistically control for differences in baseline 

values.  The univariate analysis of variance for dietary fat self-efficacy was still 

significant (p = 0.002) in the corrected model.  However, univariate analysis of variance 

was no longer significant in the corrected model (p = 0.31) for the dietary fat pro 

decisions, therefore analysis results may be due to baseline differences.  There was a 

statistically significant group x time effect for dietary fat pro decisions (p = 0.053), but 

this may be due to baseline differences.  The mean delta changes for decisional balance 

of dietary fat pro decisions were (CON 0.488 ± 1.45 and EXP -0.284 ± 1.04, p = 0.053), 

suggesting that the control group reported more pro (positive) decisions than the 

experimental group.  Self efficacy was only statistically significant for the group (p = 
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0.021) effect.  Group mean delta changes for self efficacy were (CON 0.223 ± 1.27 and 

EXP -0.00 ± 0.95, p = 0.021).  Furthermore, there was no statistically significant group, 

time, or group x time effects for stages of change, change strategies, dietary fat con 

decisions, family influence, or peer influence.   However, the time effect for family 

influence (family support) suggests a trend (p = 0.06), and may warrant further research.  

Group mean delta changes for dietary fat family influence were (CON -0.399 ± 0.97 and 

EXP -0.172 ± 0.97, p = 0.06), with both groups indicating a decrease in dietary fat family 

support. 

 
Table 20.  PACE Measures:  Dietary Fat 

 
Variable Group T1 

 
T2 Source Sig. 

(p-value) 
F ηp2 Power 

Control 3.00 ± 1.5  3.85 ± 1.0  Group .69 .16 .00 .07 

Exp  3.33 ± 1.2  3.29 ± 1.4  Time .17 1.96 .05 .28 

Dietary Fat 
Stage of 
Change 

   G x T .13 2.45 .06 .33 

Control 2.64 ± 1.1  3.02 ± 0.9  Group .31 1.08 .03 .17 

Exp  3.11 ± 0.8  3.06 ± 0.9  Time .27 1.28 .03 .20 

Dietary Fat   
Change 
Strategies 

   G x T .14 2.22 .05 .31 

Control 2.32 ± 1.2  2.81 ± 0.9  Group .19 1.78 .04 .26 

Exp  3.03 ± 1.0  2.75 ± 0.9  Time .60 .28 .01 .08 

Dietary Fat 
Pros  

   G x T .053* 3.98 .09 .50 

Control 2.48 ± 1.0  2.59 ± 0.8  Group .93 .01 .00 .05 

Exp  2.53 ± 1.1  2.49 ± 1.1  Time .87 .03 .00 .05 

Dietary Fat 
Cons 

   G x T .71 .15 .00 .07 

Dietary Fat 
Confidence 

Control 3.02 ± 1.4  3.25 ± 1.2  Group .021* 5.78 .13 .65 

(table continues)
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Variable Group T1 
 

T2 Source Sig. 
(p-value) 

F ηp2 Power 

Exp  3.82 ± 0.7  3.82 ± 1.0  Time .52 .42 .01 .10 (Self 
Efficacy) 

   G x T .52 .42 .01 .10 

Control 2.49 ± 1.2  2.89 ± 1.2  Group .12 2.50 .06 .34 

Exp  3.09 ± 1.0  3.27 ± 1.1  Time .06 3.64 .08 .46 

Dietary Fat 
Family 
Support 
(Family 
Influences) 

   G x T .45 .58 .01 .12 

Control  2.70 ± 0.8  2.93 ± 0.7  Group .93 .01 .00 .05 

Exp  2.88 ± 0.6  2.79 ± 0.7  Time .50 .46 .01 .10 

Dietary Fat 
Friend 
Support (Peer 
Influences) 

   G x T .13 2.37 .06 .32 

Note:  All data represented as means (±SD).  Significant group, time and/or group x time interactions are 
depicted with an asterisk.  df =1 for all variables.  ηp2 is Parital eta squared. Small effect size = 0.10, 
medium = 0.25 and large = 0.40.  Power of 0.80 is considered large. 

 
 

 The analysis of PACE measures revealed a statistically significant group x time 

effect for physical activity environmental factors (p = 0.039).  The mean delta changes 

for environmental factors were (CON -0.328 ± 0.72 and EXP 0.171 ± 0.79, p = 0.039), 

which indicated a greater improvement for the experimental group.   Also present was a 

significant trend for time effect for days physically active (p = 0.06).  Mean delta changes 

for days physically active were (CON 1.22 ± 1.83 and EXP -0.05 ± 1.85, p = 0.06), 

revealing an increase in the control and a decrease in the experimental group.  However, 

there were no statistically significant interactions for sedentary behavior, although time 

was significant (p = 0.008), for sedentary behavior stages of change.  Both groups 

improved with mean delta changes for stages of changes as follows:  (CON 0.70 ± 1.17 

and EXP 0.50 ± 1.57, p = 0.008).  There was a statistically significant group x time effect 

for decisional balance of fruit and vegetable con decisions (p = 0.043).  The mean delta 
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changes for fruit and vegetable con decisions were (CON 0.541 ± 0.87 and EXP -0.056 ± 

0.97, p = 0.043), indicating that the experimental group reported fewer negative (Con) 

decisions regarding their ability to eat five or more fruits and vegetable servings per day.  

The mean delta changes for dietary fat pro decisions were (CON 0.488 ± 1.45 and EXP -

0.284 ± 1.04, p = 0.053), indicating that the control group reported more pro (good) 

decisions than the experimental group.  However, baseline differences were significant 

for dietary fat pro decisions (p = 0.043), but were no longer significant (p = 0.31) after 

ANCOVA analysis and the results may be due to baseline differences.  Self efficacy was 

only statistically significant for the group (p = 0.021) effect.  Group mean delta changes 

for self efficacy were (CON 0.223 ± 1.27 and EXP -0.000 ± 0.95, p = 0.021).  Therefore, 

the H10 hypothesis which states that there will be statistically significant improvements in 

physical activity, sedentary behavior, fruit and vegetable and dietary fat (self-efficacy, 

stages of change, and decisional balance) in the experimental group as compared to the 

control group is partially accepted.   

 
Dietary Recall 

 
 Twenty-four hour recall assessments were given to each group in order to follow 

dietary changes (week 0, 2, 4, 6, 8, and 10).  Table 21 summaries the average total daily 

kcalories, proteins, carbohydrates, and fats for both groups.  There was a statistically 

significant group x time effect for protein (p = 0.025) without group or time significance.  

Group mean delta changes for protein were (CON -12.55 ± 33.19 and EXP -6.26 ± 31.63, 

p = 0.025), with both groups decreasing protein.  However, this represented an overall 

increase in protein (2.7% ± 55.58), with a decrease in the control group (-3.28% ± 53.05), 

and an increase in the experimental group (8.15% ± 58.68).  Total kcalories had a 
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significant time effect (p = 0.013).  This represented an overall decrease in total kcalories 

(-4.55% ± 52.87), with an increase in the control group (8.91% ± 66.74), and a decrease 

in the experimental group (-16.78% ± 33.13).  Group mean delta changes for total 

kcalories were (CON -142.67± 773.15 and EXP -421.65 ± 666.88, p = 0.013), with both 

groups decreasing total kcalories.  Carbohydrates were significant for group (p = 0.037), 

and time (p = 0.007).  This represented an overall decrease in total carbohydrates (-3.92% 

± 47.80), with an increase in the control group (11.83% ± 57.16), and a decrease in the 

experimental group (-18.24% ± 32.48).  Group mean delta changes for carbohydrates 

were (CON -4.18 ± 110.56 and EXP -55.71 ± 88.38, p = 0.007), with both groups 

decreasing total carbohydrates.  Statistical results revealed no significant differences in 

group, time or group x time interactions for dietary fats.  Based upon the data collected, 

the H11 hypothesis which states that there will be statistically significant improvements in 

food intake (kcalories, fruit and vegetable and dietary fat intake) in the experimental 

group as compared to the control group, will be accepted.  

 
Table 21.  Dietary Inventories 

 
Variable Testing 

Session 
CON Group 

(±SD) 
EXP Group (±SD) Group 

p-value 
Time 

Effect p-
value 

Group x 
Time  

Calories 
(kcal/d) 

T1 1866 ± 607   1806 ± 546 
 

-  - 

 T2 2118 ± 1009  1455 ± 507  
 

-  - 

 T3  1629 ±  1032 1615 ± 682  
 

-  - 

 T4 1921 ± 833 1720 ± 732 
 

-  - 

 T5 1631 ± 657 1549 ± 527  
 

-  - 

 T6  1723 ± 348  1383 ± 406  
 

.08 .013* .91 

       
Proteins  
(g/d) 

T1 63.8 ± 28  57.9 ± 26  -  - 

 T2 70.2 ± 36  47.0 ± 19 -  - 

(table continues) 
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Variable Testing 
Session 

CON Group 
(±SD) 

EXP Group (±SD) Group 
p-value 

Time 
Effect p-

value 

Group x 
Time  

 
 T3 52.5 ± 29 

 
53.6 ± 27  -  - 

 T4 60.0 ± 25  71.0 ± 45  
 

-  - 

 T5 48.7 ± 16 
 

60.6 ± 27 -  - 

 T6 51.2 ± 13 
 

51.6 ± 18 .85 .15 .025* 

       
Carbs . 
(g/kg/d) 

T1 239.9 ± 84 242.7 ± 70 -  - 

 T2 292.2 ± 160 
 

210.9 ± 69 -  - 

 T3 222.6 ± 120 193.8 ± 62 
 

-  - 

 T4 259.8 ± 130 207.7 ± 80 
 

-  - 

 T5 214.1 ± 90 192.0 ± 79 
 

-  - 

 T6 235.7 ± 65 184 ± 60 
 

.037* .007* .55 

       
Fats 
(g/kg/d)  

T1 75.3 ± 28 70.6 ± 27 -  - 

 T2 77.4 ± 35 50.5 ± 24 
 

-  - 

 T3 68.7 ± 49 72.1 ± 51 
 

-  - 

 T4 73.7 ± 29 69.3 ± 34 
 

-  - 

 T5 66.9 ± 48 62.1 ± 27 
 

-  - 

 T6 66.7 ± 21 51.4 ± 19 
 

.11 .07 .94 

 
 
 

Follow-Up 
 

 Twenty-nine participants also completed a 3-month follow-up which included 

height, body weight, percent body fat measured by BIA, resting heart rate, resting blood 

pressure, blood markers, waist to hip ratio, 24-hour food recall, and the PACE surveys 

and the pediatric quality of life.  Table 22 depicts the participant’s average age in months, 

weight, BMI, and BIA % body fat for each group.   
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Table 22.  Group Demographics:  Follow-Up Participants 
Variable 

 
Control (±SD) Experimental Group (±SD) 

T1 Age (months) 
 

151.3 ± 11.1 152.3 ± 11.3 

T1 Weight (kg) 
 

70.6 ± 16.2 81.2 ± 20.6 

TI BMI 
 

28.3 ± 6.0 32.6 ± 6.5 

T1 BIA % Body Fat 
 

34.8 ± 6.1 38.1 ± 5.7 

Note:  All data represented as means (±SD). n=29. Control (n=13) Experimental (n=16).   
 

Follow-up:  General Health Variables 

Resting Heart Rate & Blood Pressure.  Statistical results in Table 23 revealed no 

statistically significant group, time, or group x time effects for heart rate, systolic blood 

pressure or diastolic blood pressure.  Small effect sizes were present for time effects of 

systolic blood pressure (ηp2 = 0.11), and group x time effects of diastolic blood pressure 

(ηp2 = 0.12).   

Follow-up:  Body Composition Assessments 

Body Composition.  Table 24 represents body compositions for the study.  

Statistical results in Table 24 revealed significant time effects for body mass (p = 0.006), 

BMI (p = 0.022) and BIA percent body fat (p = 0.007).  Time significance represented an 

overall increase in body mass (2.40 % ± 6.9), increase in BMI (4.62% ± 9.69), and BIA 

percent fat (5.77% ± 10.20).  The mean delta changes were:  body mass (CON 4.10kg ± 

3.73 and EXP 1.53kg ± 5.85, p = 0.006), BMI (CON 1.82 ± 2.2 and EXP 0.88 ± 3.4, p = 

0.022), BIA percent body fat (CON 2.4% ± 3.2 and EXP 1.44% ± 3.0, p = 0.007).  The 

percentage changes were:  body mass (CON 6.15% ± 5.8 vs. EXP 2.40% ± 6.9), BMI 

(CON 6.77% ± 9.19 vs. EXP 2.75% ± 10.04), and BIA percent body fat (CON 7.09% ± 
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10.77 vs. EXP 4.65% ± 9.94).  There were no statistically significant group, or group x 

time effects for body mass, BMI, or percent body fat measured by hand-held BIA.  

 
Table 23.  Resting Heart Rate and Blood Pressure:  Follow-Up Participants 

Variable Group T1 
 

T2 T3 Source Sig.  
(p-value) 

F ηp2 Power 

Control 74 ± 10 71 ± 9 75 ± 12  Group .17 1.95 .07 .14 

Exp 74 ± 9  72 ± 7  80 ± 11 Time .32 1.04 .04 .27 

Resting 
Heart 
Rate 
(bpm) 

    G x T .38 .81 .03 .17 

Control 109 ± 17  108 ± 11  111 ± 9  Group .54 .38 .01 .09 

Exp 105 ± 9.2  115 ± 15  113 ± 8  Time .08 3.44 .11 .43 

SBP 
(mm/hg) 

    G x T .28 1.21 .04 .19 

Control 75 ± 17  68 ± 8  70 ± 7  Group .50 .47 .02 .10 

Exp  71 ± 6   72 ± 9   75 ± 8 Time .82 .05 .00 .06 

DBP 
(mm/hg) 

    G x T .07 3.63 .12 .45 

Note:  Data represents heart rate and blood pressure variables for the study.  All data represented as means 
(±SD).  Experimental Group (n=13), Control Group (n=16).  Significant group, time and/or group x time 
interactions are depicted with an asterisk.  df =1 for all variables.  ηp2 is Parital eta squared. Small effect 
size = 0.10, medium = 0.25 and large = 0.40.  Power of 0.80 is considered large. 
 

 
Table 24.  Body Composition: Follow-Up Participants 

Variable Group T1 
 

T2 T3 Source Sig.  
(p-

value) 

F ηp2 Power 

Control 70.64 ± 16.2  72.64 ± 15.7  74.74 ± 16.7 Group .17 1.83 .07 .26 

Exp 81.16 ± 20.6   82.32 ± 20.7  82.69 ± 19.1 Time .006* 8.90 .26 .82 

Body 
Mass 
(kg) 

    G x T .19 1.85 .07 .26 

BMI Control 28.3 ± 6.0  29.5 ± 5.6  30.1 ± 6.3  Group .15 2.19 .08 .30 

(table continues)
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Variable Group T1 
 

T2 T3 Source Sig.  
(p-

value) 

F ηp2 Power 

Exp  32.6 ± 6.5  32.5 ± 7.0  33.5 ± 7.2  Time .022* 5.89 .19 .65 

    G x T .41 .72 .03 .13 

Control 34.8 ± 6.1   36.1 ± 5.3  37.1 ± 6.6  Group .26 1.31 .05 .20 

Exp  38.1 ± 5.7   38.0 ± 6.0   39.5 ± 4.6 Time .007* 8.72 .28 .81 

BIA 
Percent 
Body Fat 

    G x T .49 .50 .02 .10 

Note:  Data represents body composition variables for the study.  All data represented as means (±SD).  
Experimental Group (n=13), Control Group (n=16).  Significant group, time and/or group x time 
interactions are depicted with an asterisk.  df =1 for all variables.  ηp2 is Parital eta squared. Small effect 
size = 0.10, medium = 0.25 and large = 0.40.  Power of 0.80 is considered large. 
 
 

 Anthropometric Measurements.  Statistical results in Table 25 revealed a 

significant time effect for the waist (p = 0.004) and hip circumference (p = 0.021).  The 

mean delta changes were as follows:  waist circumference (CON 1.00 inches ± 1.59 and 

EXP 0.696 inches ± 1.49, p = 0.004), and hip circumference (CON 1.85 inches ± 1.53 

and EXP 0.646 inches ± 3.35, p = 0.021).  This represented an overall increase in waist 

(2.9% ± 4.6), and hip (3.3% ± 6.1) circumference.   There were no statistically significant 

differences between groups or group x time interaction effects for waist or hip 

circumference.   

 
 

Table 25.  Waist and Hip Circumference: Follow-Up Participants  

Variable Group T1 
 

T2 T3 Source Sig.  
(p-value) 

F ηp2 Power 

Control 33.04 ± 5.7  33.77 ± 5.1  34.04 ± 5.3  Group .42 .66 .03 .12 Waist 
(inches) 

Exp 34.96 ± 5.4   35. 58 ± 5.5  35.66 ± 5.5  Time .004* 10.10 .29 .86 

(table continues) 
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Variable Group T1 
 

T2 T3 Source Sig.  
(p-value) 

F ηp2 Power 

    G x T .78 .08 .00 .06 

Control 39.77 ± 4.5  40.81 ± 4.6  41.62 ± 4.6  Group .26 1.33 .05 .20 

Exp 42.32 ± 5.1    43.00 ±  5.3 42.97 ± 4.3  Time .021* 6.03 .19 .66 

Hip 
(inches) 

    G x T .70 1.40 .05 .21 

Note:  Data represents circumference variables for the study.  All data represented as means (±SD).  
Experimental Group (n=13), Control Group (n=16).  Significant group, time and/or group x time 
interactions are depicted with an asterisk.  df =1 for all variables.  ηp2 is Parital eta squared. Small effect 
size = 0.10, medium = 0.25 and large = 0.40.  Power of 0.80 is considered large. 

 
 

Follow-up:  Psychometric Questionnaires 

 
Pediatric Quality of Life.  Pediatric Quality of life (PedsQL) statistics shown in 

Table 26 revealed a statistically significant group x time effect (p = 0.039) for the 

psychosocial health summary score.  This revealed an overall increase (9.55% ± 23.25).  

However, there was an overall decrease in the control group (-0.642% ± 24.38), and an 

increase (17.83% ± 19.25), in the experimental group.  Mean delta changes, (CON -0.782 

± 18.13 and EXP 11.85 ± 13.14, p = 0.039), indicated that the experimental group 

reported greater improvements on their psychosocial health summary score.  There were 

no statistically significant between group effects but time revealed a trend (p = 0.67) and 

a small effect size (ηp2 = 0.12), indicating a larger sample size may find significance.  

There were no statistically significant group, time, or group by time interactions between 

groups for physical health.   A negligible effect size was present for the group x time 

effects of the physical health score (ηp2 = 0.10).  
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Table 26.  Pediatric Quality of Life: Follow-Up Participants 

Variable Group T1 
 

T2 T3 Source Sig.  
(p-value) 

F ηp2 Power 

Control 80.8 ± 16.4  85.7 ± 10.6 75.2 ± 22.2  Group .34 .94 .03 .16 

Exp 81.2 ± 10.8 83.2 ± 11.3 88.3 ± 12.7  Time .84 .04 .00 .05 

Physical 
Health  

    G x T .09 3.06 .10 .39 

Control 72.2 ± 5.0  73.8 ± 12.1 71.4 ± 17.3  Group .39 .77 .03 .14 

Exp 71.0 ± 10.2 72.5 ± 11.8 82.8 ± 13.8  Time .07 3.63 .12 .45 

Psycho-
social 
Health  

    G x T .039* 4.73 .15 .56 

Note:  Data represents Pediatric Quality of Life variables for the study.  All data represented as means 
(±SD).  Experimental Group (n=13), Control Group (n=16).  Significant group, time and/or group x time 
interactions are depicted with an asterisk.  df =1 for all variables.  ηp2 is Parital eta squared. Small effect 
size = 0.10, medium = 0.25 and large = 0.40.  Power of 0.80 is considered large. 
 
 
 PACE Measures: Physical Activity.  Table 27 lists measures for physical activity.  

There was a statistically significant group x time effect for physical activity family 

support (p = 0.027), without further significance.  This revealed an overall increase 

(2.62% ± 14.90).  However, the control group decreased (-23.04% ± 40.10), and the 

experimental group increased (25.30% ±63.95) measurements of family support for 

physical activity.  The mean delta values for physical activity family support were (CON 

-0.986 ± 1.4 and EXP 0.171 ± 1.25, p = 0.027).  Furthermore, there was no statistically 

significant group, time or group x time effects for the following variables:  days 

physically active, stages of change, change strategies, physical activity pro and con 

decisions, self efficacy, peer influence, or environmental factors.  A negligible effect size 

was present for time with days of physical activity (ηp2 = 0.11), stages of change (ηp2 = 

0.10), physical activity pro decisions (ηp2 = 0.10) and physical activity friends support 

(ηp2 = 0.10), and may be significant with a larger sample size. 
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Table 27.  PACE Measures:  Physical Activity: Follow-Up Participants 

Variable Group T1 
 

T2 T3 Source Sig.  
(p-

value) 

F ηp2 Power 

Control 2.11 ± 1.5  3.00 ± 1.7  2.67 ± 2.2  Group 1.00 .000 .00 .05 

Exp 2.43 ± 1.9   2.43 ± 1.6   2.93 ± 1.9  Time .13 2.48 .11 .32 

Days of 
Physical 
Activity 

    G x T .94 .01 .00 .05 

Control 2.43 ± .54  2.71 ± 1.38 2.71 ± 1.38 Group .95 .00 .00 .05 

Exp 2.36 ± 1.33 2.29 ± 1.44 3.14 ± .95 Time .16 2.13 .10 .28 

Stage of 
Change 

    G x T .50 .46 .02 .10 

Control 2.90 ± .55 3.19 ± .86  2.92 ± .72 Group .95 .00 .00 .05 

Exp 2.87 ± .73 3.11 ± .71  3.07 ± .84  Time .48 .51 .02 .11 

Physical 
Activity  
Change  
Strategies 

    G x T .56 .35 .01 .09 

Control 4.21 ± .77  3.53 ± 1.19 3.30 ± 1.26 Group .30 1.13 .04 .18 

Exp 3.90 ± .92  3.99 ± .85  3.85 ± .87  Time .09 3.10 .10 .40 

Physical 
Activity 
Pros 

    G x T .13 2.44 .08 .33 

Control 2.25 ± .88  2.21 ± .92 2.00 ± .69  Group .62 .25 .01 .08 

Exp 2.21 ± .76 2.23 ± 1.02 2.38 ± .89 Time .84 .04 .00 .05 

Physical 
Activity 
Cons 

    G x T .33 1.00 .04 .10 

Control 3.42 ± 1.08 3.21 ± 1.10 3.10 ± 1.03 Group .89 .02 .00 .05 

Exp  3.14 ± .84   3.16 ± .83   3.33 ± .94  Time .79 .08 .00 .06 

Physical 
Activity 
Confidence 
(Self 
Efficacy) 

    G x T .30 1.10 .04 .17 

Control 3.53 ± .87  3.39 ± 1.03 2.54 ± 1.11 Group .19 1.77 .06 .25 Physical 
Activity 
Family 
Support 
(Family 

Exp 2.77 ± 1.14 2.70 ± .90 2.94 ± .87 Time .11 2.73 .09 .36 

(table continues) 
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Variable Group T1 
 

T2 T3 Source Sig.  
(p-

value) 

F ηp2 Power 

Influences)     G x T .027* 5.50 .17 .62 

Control 3.38 ± 1.13 3.02 ± .86  2.94 ± .69  Group .62 .25 .01 .08 

Exp 2.93 ± 1.01 2.82 ± .96 3.22 ± .55 Time .74 .11 .00 .06 

Physical 
Activity 
Friend 
Support 
(Peer 
Influences)     G x T .10 2.87 .10 .37 

Control 3.53 ± .99 3.18 ± .95 2.92 ± .98 Group .50 .47 .02 .10 

Exp 3.36 ± .91 3.52 ± .75 3.28 ± .84 Time .12 2.64 .09 .35 

Physical 
Activity 
Environ-
mental 
Factors 

    G x T .22 1.56 .06 .23 

Note:  Data represents …variables for the study.  All data represented as means (±SD).  Experimental 
Group (n=13), Control Group (n=16).  Significant group, time and/or group x time interactions are depicted 
with an asterisk.  df =1 for all variables.  ηp2 is Parital eta squared. Small effect size = 0.10, medium = 0.25 
and large = 0.40.  Power of 0.80 is considered large. 
 
 
 PACE Measures: Sedentary Behavior.  Table 28 lists measures for sedentary 

behavior.  There was a statistically significant time effect for family influences (p = 

0.039), without further significance.  Mean delta values for the time effect of family 

influences on sedentary behavior was (CON -0.548 ± 1.53 and EXP -0.706 ± 1.56, p = 

0.039).  Furthermore, there was no statistically significant group, time, or group x time 

effects for sedentary habits on school days, sedentary habits on non-school days, stages 

of change, change strategies, sedentary behavior decisional balance of pro and con 

decisions, self efficacy, or peer influence.  A small effect size was present for time with 

sedentary habits on non-school days (ηp2 = 0.13) and may be significant with a larger 

sample size. 
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Table 28.  PACE Measures:  Sedentary Behavior: Follow-Up Participants 

Variable Group T1 
 

T2 T3 Source Sig.  
(p-value) 

F ηp2 Power 

Control 2.73 ± 2.4  2.64 ± 1.5  2.55 ± 1.6  Group .90 .02 .00 .05 

Exp 2.71 ± 2.1    2.79 ± 2.1   2.64 ± 1.9  Time .81 .06 .00 .06 

Sedentary 
Habits on 
School 
Days 

    G x T .92 .01 .00 .05 

Control 3.00 ± 1.7  2.27 ± 1.4  2.18 ± 1.2  Group .51 .44 .02 .10 

Exp  3.14 ± 2.2   2.86 ± 1.9  2.57 ± 2.0  Time .08 3.38 .13 .42 

Sedentary 
Habits on 
Non-School 
Days 

    G x T .75 .11 .01 .06 

Control 2.63 ± 1.2  3.38 ± 0.7 2.88 ± 1.6 Group .23 1.53 .08 .22 

Exp 3.42 ± 1.6  3.42 ± 1.7 3.42 ± 1.2 Time .79 .07 .00 .06 

Sedentary 
Habits 
Stage of 
Change 

    G x T .79 .07 .00 .06 

Control 2.78 ± 1.0  2.81 ± 0.8  2.89 ± 0.9  Group .32 1.02 .04 .16 

Exp 2.95 ± 0.5  3.00 ± 0.7 3.15 ± 0.6 Time .44 .62 .02 .12 

Sedentary 
Habits  
Change 
Strategies 

    G x T .82 .06 .00 .06 

Control 2.60 ± 1.1 2.81 ± 0.9  2.76 ± 1.0 Group .58 .32 .01 .09 

Exp 2.66 ± 0.9  2.77 ± 0.6 3.11 ± 1.0 Time .27 1.29 .05 .20 

Sedentary 
Habits  Pros 

    G x T .60 .28 .01 .08 

Control 2.54 ± 1.0 2.87 ± 0.5 2.81 ± 1.2 Group .77 .09 .00 .06 

Exp 2.65 ± 0.7  2.26 ± 0.8 3.10 ± 1.0 Time .11 2.75 .09 .36 

Sedentary 
Habits  
Cons 

    G x T .70 .16 .01 .07 

Control 3.4 ± 1.2  2.98 ± 1.1 2.88 ± 1.4 Group .56 .36 .01 .27 

Exp 3.6 ± 0.8  3.16 ± 1.2  3.72 ± 1.4 Time .28 1.24 .04 .09 

Sedentary 
Habits  
Confidence 
(Self 
Efficacy) 

    G x T .18 1.91 .07 .19 

Control 2.70 ± 1.3 2.81 ± 1.2 2.15 ± 0.8 Group .58 .32 .01 .09 Sedentary 
Habits  
Family 
Support 
(Family 

Exp 3.03 ± 1.1 2.76 ± 1.4 2.32 ± 0.7 Time .039* 4.71 .15 .55 

(table continues) 
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Variable Group T1 
 

T2 T3 Source Sig.  
(p-value) 

F ηp2 Power 

Influences)     G x T .79 .08 .00 .06 

Control 2.84 ± 0.8  2.28 ± 0.9  2.52 ± 1.0  Group .88 .02 .00 .05 

Exp 2.63 ± 0.8  2.32 ± 0.8  2.61 ± 1.0  Time .36 .89 .03 .15 

Sedentary 
Habits  
Friend 
Support 
(Peer 
Influences)     G x T .41 .70 .03 .13 

Note:  Data represents …variables for the study.  All data represented as means (±SD).  Experimental 
Group (n=13), Control Group (n=16).  Significant group, time and/or group x time interactions are depicted 
with an asterisk.  df =1 for all variables.  ηp2 is Parital eta squared. Small effect size = 0.10, medium = 0.25 
and large = 0.40.  Power of 0.80 is considered large. 
 

 

 PACE Measures: Fruit and Vegetable Consumption.  Table 29 lists measures for 

fruit and vegetable consumption.  There was a statistically significant time effect for fruit 

and vegetable con decisions (p = 0.007).  In addition, there was a trend for the group x 

time effect for fruit and vegetable con decisions (p = 0.06), which may indicate further 

research.  Mean delta changes for fruit & vegetable con decisions were (CON 0.83 ± 1.08 

and EXP 0.48 ± 1.27, p = 0.007).  Furthermore, there were no statistically significant 

group, time, or group x time effects for fruit and vegetable servings, stages of change, 

change strategies, fruit and vegetable pro decisions, self efficacy, family influence, or 

peer influence.  A small effect size for fruit and vegetable stages of change (ηp2 = 0.13), 

suggests that a larger sample size may demonstrate statistical significance. 

 
Table 29.  PACE Measures:  Fruit & Vegetable Consumption: Follow-Up Participants  

 
Variable Group T1 

 
T2 T3 Source Sig.  

(p-value) 
F ηp2 Power 

Control 2.89 ± 2.0  2.56 ± 1.7  3.00 ± 1.6  Group .28 1.23 .06 .18 Fruit & 
Vegetable 
Servings 

Exp 3.55 ± 1.4  3.27 ± 1.3  3.55 ± 1.8  Time .90 .02 .00 .05 

(table continues)
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Variable Group T1 
 

T2 T3 Source Sig.  
(p-value) 

F ηp2 Power 

    G x T .90 .02 .00 .05 

Control 2.11 ± .60  2.78 ± 1.4  2.33 ± 1.2 Group .31 1.07 .05 .17 

Exp 2.85 ± 1.1  2.31 ±1.0  2.92 ± 1.3 Time .61 .28 .01 .08 

Fruit & 
Vegetable 
Stage of 
Change 

    G x T .13 2.50 .11 .33 

Control 2.89 ± 1.45  3.11 ± .95  2.86 ± .97  Group .58 .32 .01 .09 

Exp 2.95 ± .87  3.10 ± .76   3.28 ± .85   Time .56 .35 .01 .09 

Fruit & 
Vegetable   
Change 
Strategies 

    G x T .49 .50 .02 .11 

Control 3.47 ± 1.42  3.15 ± 1.17  3.15 ± 1.20  Group .85 .03 .00 .05 

Exp 3.37 ± 1.11   3.24 ± 1.03 2.98 ± .79  Time .22 1.59 .06 .23 

Fruit & 
Vegetable     
Pros 

    G x T .91 .01 .00 .05 

Control 1.70 ± .45  2.33 ±.89  2.53 ± .98 Group .54 .38 .01 .09 

Exp 2.22 ±.82 2.02 ± 1.02 2.70 ± .85 Time .007* 8.65 .24 .81 

Fruit & 
Vegetable   
Cons 

    G x T .06 3.77 .12 .12 

Control 3.53 ± 1.41  3.32 ± 1.23  3.27 ± 1.17  Group .14 2.32 .08 .31 

Exp 3.87 ± .95  3.94 ± 1.17  3.67 ± .91  Time .45 .58 .02 .11 

Fruit & 
Vegetable     
Confidence 
(Self 
Efficacy) 

    G x T .93 .01 .00 .05 

Control 3.10 ± 1.50  3.12 ± 1.18  3.03 ± 1.08  Group .64 .22 .01 .07 

Exp 3.53 ± 1.13  3.02 ± 1.40   3.19 ± 1.14  Time .49 .48 .02 .10 

Fruit & 
Vegetable     
Family 
Support 
(Family 
Influences) 

    G x T .64 .22 .01 .07 

Control 3.12 ± .90  3.06 ± .58 2.97 ± .76  Group .26 1.34 .05 .20 

Exp 2.88 ± .74  2.84 ± .82  2.79 ± .67  Time .55 .36 .01 .09 

Fruit & 
Vegetable     
Friend 
Support 
(Peer 
Influences) 

         

(table continues) 
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Variable Group T1 
 

T2 T3 Source Sig.  
(p-value) 

F ηp2 Power 

    G x T .90 .02 .00 .05 

Note:  Data represents …variables for the study.  All data represented as means (±SD).  Experimental 
Group (n=13), Control Group (n=16).  Significant group, time and/or group x time interactions are depicted 
with an asterisk. df =1 for all variables.  ηp2 is Parital eta squared. Small effect size = 0.10, medium = 0.25 
and large = 0.40.  Power of 0.80 is considered large. 
  

 PACE Measures: Dietary Fat Consumption.  Table 30 lists measures for dietary 

fat consumption.  There was a statistically significant group effect for dietary fat self 

efficacy (p = 0.007), without further significance.  In addition, there was a statistically 

significant time effect for dietary fat con decisions (p = 0.052), with mean delta changes 

of (CON 0.112 ± 1.38 and EXP -0.044 ± 1.27, p = 0.052).  Furthermore, there was no 

statistically significant group, time, or group x time effects for stages of change, change 

strategies, decisional balance of dietary fat Pro decisions, family influence, or peer 

influence.  

 
Table 30.  PACE Measures:  Dietary Fat: Follow-Up Participants  

Variable Group T1 
 

T2 T3 Source F Sig. 
(p-value) 

ηp2 Power 

Control 3.22 ± 1.3  4.00 ± 1.0  3.44 ± 1.7  Group .24 .63 .02 .08 

Exp 3.88 ± .99  3.63 ± 1.2  3.63 ± .92  Time .00 .98 .00 .05 

Dietary Fat 
Stage of 
Change 

    G x T 1.23 .29 .02 .18 

Control 2.60 ± 1.35  2.91 ± 1.03  2.98 ± 1.11 Group 2.37 .14 .08 .32 

Exp 3.31 ± .67 3.10 ± .95  3.36 ± .65  Time .97 .33 .04 .16 

Dietary Fat   
Change 
Strategies 

    G x T .61 .44 .02 .12 

Dietary Fat 
Pros  

Control 2.34 ± 1.47  2.73 ± 1.09  2.58 ± .94 Group .42 .52 .02 .10 

(table continues)
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Variable Group T1 
 

T2 T3 Source F Sig. 
(p-value) 

ηp2 Power 

Exp  2.90 ± 1.05  2.75 ± 1.05  2.58 ± .91 Time .03 .86 .00 .05 

    G x T 1.50 .23 .05 .22 

Control 2.45 ± 1.11  2.55 ± .93 2.92 ± 1.14 Group .050 .83 .00 .06 

Exp 2.55 ± 1.24  2.62 ± 1.13  2.95 ± .53  Time 4.12 .05 .13 .50 

Dietary Fat 
Cons 

    G x T .03 .86 .00 .05 

Control 2.75 ± 1.44  2.99 ± 1.11 3.09 ± 1.31 Group 8.49 .007* .25 .80 

Exp 3.88 ± .64  3.81 ± 1.05 3.60 ± .77  Time .02 .90 .00 .05 

Dietary Fat 
Confidence 
(Self 
Efficacy) 

    G x T 1.32 .26 .05 .20 

Control 2.36 ± 1.28  2.89 ± 1.25  2.90 ± 1.21 Group 1.29 .27 .05 .19 

Exp 3.02 ± .97  3.27 ± 1.15  2.92 ± .92  Time .76 .39 .03 .13 

Dietary Fat 
Family 
Support 
(Family 
Influences) 

    G x T 1.58 .22 .06 .23 

Control 2.72 ± .81  2.85 ± .71  2.68 ± .61  Group 1.40 .25 .05 .21 

Exp 3.05 ± .53  2.86 ± .77  3.04 ± .62  Time .04 .85 .00 .05 

Dietary Fat 
Friend 
Support 
(Peer 
Influences) 

    G x T .01 .91 .00 .05 

Note:  Data represents …variables for the study.  All data represented as means (±SD).  Experimental 
Group (n=13), Control Group (n=16).  Significant group, time and/or group x time interactions are depicted 
with an asterisk.  df =1 for all variables.  ηp2 is Parital eta squared. Small effect size = 0.10, medium = 0.25 
and large = 0.40.  Power of 0.80 is considered large. 

 

Follow-up:  Dietary Recall 

 Twenty-four hour recall assessments were given to each group in order to follow 

dietary changes (week 0, 2, 4, 6, 8, 10, and at 3-month follow-up).  Table 31 summaries 

the average total daily calories, proteins, carbohydrates, and fats for both groups. There 

was no group x time significance for total kcalories, protein, carbohydrates, or fats. There 

was a statistically significant time effect for total kcalories (p = 0.010), protein (p = 



126 

0.024) and carbohydrates (p = 0.011).  Mean delta changes were as follows:  total 

kcalories (CON -317.19 kcals ± 684.29 and EXP -428.13 kcals ± 504.70, p = 0.010), 

protein (CON -12.61 kcals ± 47.25, and EXP -19.43 kcals ± 24.99, p = 0.024), and 

carbohydrates (CON -36.18 kcals ± 77.93 and EXP -54.56 kcals ± 74.15, p = 0.011).  

There was a group trend for total kcalories (p = 0.060), carbohydrates (p = 0.061) and fat 

(p = 0.060).  Statistical results revealed no significant differences in group, time or group 

x time interactions for fats.  These results support the previous partial acceptance of the 

H11 hypothesis which stated that there would be statistically significant improvements in 

food intake (kcalories, fruit and vegetable and dietary fat intake) in the experimental 

group as compared to the control group, which persisted at follow-up.  

 
Table 31.  Dietary Inventories: Follow-Up Participants 

Variable Testing 
Session 

CON Group 
(±SD) 

EXP Group (±SD) Group 
p-value 

Time 
Effect  

p-value 

Group x 
Time 

p-value  
Calories 
(kcal/d) 

T1 1941 ± 701 1928 ± 534 - - - 

 T2 2150 ± 1205 
 

1395 ± 530 - - - 

 T3 1841 ± 1180 
 

1581 ± 690 - - - 

 T4 1863 ± 892 
 

1573 ± 572 - - - 

 T5 1834 ± 718 
 

1636 ± 563 - - - 

 T6 1820 ± 280 
 

1286 ± 338 - - - 

 T7 1624 ± 691 
 

1499 ± 693  .06 .010* .88 

Proteins  
(g/d) 

T1 68.5 ± 33 63.5 ± 24 - - - 

 T2 76.9 ± 42 
 

44.5 ± 18 - - - 

 T3 55.6 ± 35 
 

52.6 ± 28 - - - 

 T4 57.3 ± 24 
 

57.1 ± 33 - - - 

 T5 51.6 ± 15 65.2 ± 27 - - - 

 T6 49.4 ± 12 
 

50.2 ± 17 - - - 

(table continues) 
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Variable Testing 
Session 

CON Group 
(±SD) 

EXP Group (±SD) Group 
p-value 

Time 
Effect  

p-value 

Group x 
Time 

p-value  
 T7 55.9 ± 33 

 
44.1 ± 18 .28 .024* .27 

Carbs. 
(g/kg/d) 

T1 245.4 ± 96 252.9 ± 73 - - - 

 T2 291.3 ± 196 
 

201.2 ± 66 - -   - 

 T3 237.0 ± 144 
 

197.7 ± 56 - - - 

 T4 251.0 ± 134 
 

200.6 ± 63 - - - 

 T5 239.1 ± 97 
 

194.3 ± 84 - - - 

 T6 253.0 ± 56 
 

167.4 ± 50 - - - 

 T7 209.2 ± 97 
 

198.3 ± 53 .06 .011* .74 

Fats 
(g/kg/d)  

T1 79.3 ± 32 76.8 ± 26 - - - 

 T2 77.7 ± 38  
 

49.2 ± 26 - - - 

 T3 77.4 ± 59 
 

66.5 ± 53 - - - 

 T4 72.4 ± 33 
 

62.0 ± 29 - - - 

 T5 77.7 ± 56 
 

68.6 ± 29 - - - 

 T6 71.4 ± 20 
 

47.8 ± 17 - - - 

 T7 65.0 ± 25 
 

61.1 ± 32 .06 .09 .90 

Note:  All data represented as means (±SD).  Significant group, time and/or group x time 
interactions are depicted with an asterisk. 

 
 

Summary 
 

Results of the study indicated many positive training adaptations which 

demonstrate that overweight/obese female adolescents can benefit from the 

multicomponent exercise, diet, and behavioral modification program.  Statistically 

significant group x time interactions were observed for the following:  body mass, fat 

mass, percent fat, triglycerides, HOMA-IR, dietary protein intake, and the PACE 

measures of physical activity environmental factors, fruit and vegetable con decisions, 

and dietary fat pro decisions.  Since many of the variables were statistically significant 
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for time effects, there were also training adaptations for both groups.  These adaptations 

included changes in body mass, lean mass, percent fat,  bone mineral content, bone 

mineral density,  hip circumference, waist circumference, flexibility, curl-up endurance, 

total kcalories and carbohydrates, and the PACE measures of physical activity 

environmental factors, and sedentary behaviors stages of change.   

Follow-up testing with a subset of participants revealed statistically significant 

group x time effects for the pediatric quality of life psychosocial health summary score 

and the PACE measures of physical activity family support.  Fruit and vegetable con 

decisions demonstrated a trend.  In addition, there were time effects for body mass, BMI, 

BIA body fat percentage, and fruit & vegetable con decisions.  The following chapter 

includes a detailed discussion of the results.  
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CHAPTER FIVE 

Discussion 

 
General Summary 

 
Some aspects of obesity may be preventable by manipulation of the environment, 

such as diet and physical activity (M Rosenbaum & Leibel, 1998).   School-based 

interventions can reduce the incidence of overweight, although simple interventions in a 

single area are unlikely to work on their own (Muller et al., 2005).  With coordination of 

interventions in the school and office, prevention and treatment of childhood obesity can 

be improved (Carrel & Bernhardt, 2004), reducing the tracking of overweight adolescents 

into overweight adults (Menschik et al., 2008).  The purpose of this study was to 

determine whether participation in a multicomponent school-based intervention using 

circuit-resistance training, dietary intervention and behavioral modification had an effect 

on health markers, body composition, physical fitness, and psychological measures for 

overweight/obese (BMI ≥ 85th percentile) adolescent females in comparison to 

overweight/obese adolescents participating in standard physical education.  Results 

indicated that overweight/obese adolescent females can benefit from both programs.  

However, the participants in the multicomponent program observed significantly greater 

improvements in body composition, triglycerides, and insulin sensitivity.  Additional 

follow-up testing with a subset of participants also revealed benefits.  The following 

section includes a detailed discussion of the results.  
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Physiological Variables 

 Both groups in the present study showed significant time differences in blood 

pressure with an increase in systolic blood pressure and a decrease in diastolic blood 

pressure.  In comparison, significant reductions were present in 6-week inpatient 

intervention (age 10-14 years) using diet and exercise (n = 119) and a 1-year lifestyle 

change outpatient program (n = 124) (Reinehr et al., 2006).  Besides having a larger 

sample size, the study included a control group that did not receive any intervention.  

Additionally, the 6-week intervention occurred in the inpatient setting while the 1-year 

lifestyle change outpatient group was studied for longer time period demonstrating 

significant improvements in blood pressure.  This contrasts with the present study which 

was conducted in the school-setting and for a shorter time period.  No significant changes 

were found in resting heart rate during the initial investigation or at follow-up.  However, 

it has been noted that there have been no reliable, contemporary evidence for resting 

heart rate in healthy children, and "normal" values for heart rates vary widely (Wallis et 

al., 2005).  Both groups demonstrated some anticipation in regards to testing, 

emphasizing the difficulty in getting true resting measurements.   

 
Changes in Body Composition 
 
 During this 10-week study, the control and experimental groups experienced 

significant group x time interactions for body mass, fat mass and percent fat.  Although 

body mass increased for both groups (CON 2.82% ± 2.71 vs. EXP 0.58% ± 2.5, p = 

0.021); fat mass (CON 3.64% ± 5.9 vs. EXP -2.66% ± 5.7, p = 0.006), and percent body 

fat (CON 0.52% ± 4.69 vs. EXP -2.92% ± 4.44, p = 0.024) went down for the 

experimental group only, emphasizing the significant improvements in body composition 
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for the experimental group.  Statistically significant time effects were also present for 

body mass (1.64% ± 2.81, p = 0.000), lean mass (2.7% ± 4.4, p = 0.000), bone mineral 

content (3.62% ± 5.02, p = 0.000), and bone mineral density (3.35% ± 2.81, p = 0.000), 

indicating an increase for all of the participants.  Because the participants are growing 

adolescents, these changes in body composition were expected.  Specifically, the 

participants were in early to middle adolescence which ranges from ages 10-17 (Delisle, 

2005).  Among girls, the “growth spurt” usually occurs 12 to 18 months before the onset 

of menarche, which occurs between 10 to 14 years.  During this rapid growth of 

adolescence, up to 45% of skeletal growth takes place and 15-25% of adult height is 

achieved (Delisle, 2005).  In addition, 37% of total bone mass may be accumulated (Key 

& Key, 1994).  Significant time effects for waist circumference (1.57% ± 3.29, p = 0.005) 

and hip circumference (1.21% ± 3.53, p = 0.029), in both groups also mirrored the 

increases in both body weight and lean mass.  Data from 3,345 adolescents in grades 8 to 

12 in the National Longitudinal Study of Adolescent Health found that physical activity 

predicted normal-weight maintenance better than weight loss (Menschik et al., 2008).  In 

comparison, these results indicate that the multicomponent program was significantly 

more effective in improving body composition than standard PE programs.   

 Kersick, et al. (2004) and Magráns, et al. (2005), found in preliminary analysis 

that the Curves fitness and diet program promoted decreases in body mass, fat mass, and 

percent body fat in adult women in a 16-week study.  This intervention used a similar 

circuit-resistance exercise program 3 days per week and comparably promoted benefits in 

adolescents, including a decrease in body fat and body fat percentage.  For example, this 

intervention resulted in the 3 to 5% reduction in body fat, which coincides with the 
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preliminary results found by Magráns, et al. (2005).  Although this study was only 10-

weeks, the data supported these research findings and demonstrated that 

overweight/obese adolescent females can improve their body composition.    

 Additionally, resting energy expenditure did not decline in this intervention 

regardless of the improvements in body composition.  A similar program used a 

multidisciplinary weight-reduction program including a very low calorie diet followed by 

a hypocaloric diet, a moderate-intensity progressive exercise, and behavior modification 

for 10 weeks.  The results demonstrated a significant decrease in body weight and body 

fat measured via skin-fold measurements. Despite the significant weight loss, resting 

energy expenditure and lean body mass remained constant.  The researchers concluded 

that the multidisciplinary weight-reduction program is an effective means for weight-

reduction in obese children and adolescents, significantly reducing fat mass while lean 

body mass and resting energy expenditure were unaltered (Sothern et al., 1999).  In this 

study, lean mass also increased (2.7% ± 4.4, p = 0.000), supporting that overweight/obese 

adolescent females can improve their body composition without a reduction in resting 

energy expenditure. 

 
Fitness Measures 

 
 The current study contrasted physical education classes (PE) providing physical 

activity five days per week and the multicomponent program which included physical 

activity four days per week as well as an educational and behavioral component.  

Activities in PE included calisthenics, and group sports, such as basketball and soccer. 
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Results demonstrated no significant interactions in grip percentage (hand grip strength / 

body weight), push-up endurance, curl-up endurance, flexibility, walk test, or average 

pedometer steps per day.  However, because adolescents in physical education have 

shown to be vigorously active for less than 10% of the time (Menschik et al., 2008), this 

is not surprising.  Nevertheless, training effects were present as demonstrated in 

statistically significant time effects in curl-up endurance (131% ±168, p = 0.007), and 

flexibility (22.8% ± 63.6, p = 0.010).  Hand grip percentage suggested a time trend (p = 

0.065) and may warrant future research.   

 Recent health guidelines suggests that children should accumulate 60 minutes of 

moderate-intensity physical activity every day, supplemented by regular activities that 

promote flexibility and muscle and bone strength (Boreham & Riddoch, 2001).  

Therefore, this study highlights that both groups demonstrated benefits from both 

programs in regards to flexibility, and curl-up endurance, with a trend in grip strength; 

even though the recommended 60 minutes of moderate-intensity physical activity 

(Boreham & Riddoch, 2001) was not met.  Bone strength was not measured although 

both groups exhibited significant increases in bone density and bone mineral content, as 

well as the significant improvement in body composition in the 

multicomponent program. 

 
Serum Chemistry Profile 

 The serum chemistry blood analysis was used for clinical safety and assessment 

of some health parameters.  No statistical significance was present for total cholesterol, 
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LDL-C, or HDL-C.  However, there was a statistically significant group x time effect for 

triglycerides (CON 44.78% ± 85.11 vs. EXP -9.56% ± 34.99, p = 0.002), resulting in 

significant improvements for the multicomponent group.  For the youth, obesity and 

dyslipidemia are generators of hypertension, glucose intolerance and complications of 

atherosclerosis in adulthood (Misra, 2000).  For the general population, there are several 

causes which underlie elevated triglycerides, including overweight and obesity (NCEP, 

2002).  The few exercise trials conducted have shown little or no improvements in lipid 

levels in children without monogenic dyslipidemias (Haney et al., 2007).  In addition, 

recent meta-analyses have found that elevated triglycerides are an independent risk factor 

for coronary heart diseases (CHD) (NCEP, 2002).  Therefore, the reduction of 

triglycerides represents a significant health benefit to the adolescents in the 

multicomponent program.    

In comparison, a 6-week inpatient intervention using diet and exercise (n = 119) 

resulted in significant reductions in total cholesterol (p < 0.001) and LDL cholesterol 

levels (p = 0.049); whereas, the 1-year lifestyle change outpatient program (n = 124), 

resulted in significant decreases in triglycerides (p = 0.040), insulin (p = 0.006),  and 

increased HDL cholesterol level (p < 0.001) (Reinehr et al., 2006).  Additional health 

benefits were demonstrated by statistically significant group x time effect for HOMA-IR 

(CON 49.41% ± 69.65 vs. EXP 17.64% ± 66.76, p = 0.052) which is one of the markers 

of insulin sensitivity.  The mean delta changes for HOMA-IR indicated less insulin 

resistance in the experimental group even though both glucose (9.83% ± 22.6, p = 0.011), 

and HOMA-IR (32.8% ± 69, p = 0.017), displayed statistically significant for time effects 

with overall increases.  Although these adolescents did not adhere to a diet program, they 
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did have improvement with insulin resistance.  This significance was revealed despite the 

wide variations in insulin sensitivity in obese youth (Bacha, Saad, Gungor, & Arslanian, 

2006).  Therefore, the improvement of insulin resistance represents a significant health 

benefit to the adolescents in the multicomponent program. 

Previous research in a school-based fitness program revealed improvements in 

body composition, cardiovascular fitness level, and insulin sensitivity in 50 obese middle 

school children.  These students were randomized to lifestyle-focused, fitness-oriented 

gym classes (treatment group) or standard gym classes (control group) for 9 months.  

Baseline measurements were taken before the school year and post-testing occurred at 

end of the school year.  Results indicated that the treatment group demonstrated a 

significantly greater loss of body fat measured via DEXA (-4.1% ± 3.4% vs. -1.9% ± 

2.3%; p = 0.04), greater increase in cardiovascular fitness via treadmill testing (V02 max, 

2.7 ± 2.6 vs. 0.4 ± 3.3 mL/kg per minute; p < 0.001), and greater improvement in fasting 

insulin level (insulin level, -5.1 ± 5.2 vs. 3.0 ± 14.3 microIU/mL; p = 0.02).  The 

researchers (Carrel et al., 2005)  concluded that students enrolled in fitness-oriented gym 

classes showed greater loss of body fat, increase in cardiovascular fitness, and 

improvement in fasting insulin levels than control subjects.   A highlight of this current 

10-week intervention is that it also demonstrated improvements in body composition, 

triglycerides, and insulin sensitivity even though the intervention was much shorter, had a 

smaller sample size, and included both overweight and obese students (≥ 85th percentile).   

Leptin is an adipocyte protein that inhibits food intake and stimulates energy 

expenditure.  Leptin also has thermogenic actions and regulates enzymes of fatty acid 

oxidation (Korner et al., 2005).   In the present study, no significant effects were seen in 
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leptin levels.  In contrast, a subset (n = 43) of overweight adolescents ages 8 to 16 

(baseline, n = 109), who participated in a 12-week, family-centered, lifestyle intervention 

program, showed statistically significant improvements in BMI, systolic blood pressure, 

lipids (total cholesterol, LDL-C, and triglycerides), postprandial glucose, and leptin 

levels.  There were 12 consecutive exercise sessions including 45 minutes of vigorous 

cardiovascular activities such as jumping rope and running (Monzavi et al., 2006). This 

current study was limited to the school schedule and used 3 days of circuit-resistance 

training with one day of moderate aerobic activity such as walking.  Additionally, girls 

have higher leptin concentrations than boys as is seen in the state of obesity (Reiterer et 

al., 1999).  Variations include minimal concentrations in the early afternoon with a 

nocturnal elevation starting after midnight and peaking in the early morning (Heptulla et 

al., 2001).  In obese participants, the biphasic leptin decline was found to be independent 

of puberty, baseline adiposity and changes in adiposity, body composition, and rate of 

weight loss, physical activity scores and insulin concentrations (Holm et al., 2007).  

Accordingly, this dissociation of the leptin-weight relationship during weight loss may 

contribute to the general leptin variability in obese participants (Holm et al., 2007).  

Therefore, the variability signifies a challenge detecting significant differences in the 

obese participant, as was observed in this study, yet highlights the need for more 

research. 

 
Clinical Safety Markers 

 The goal of measuring clinical safety blood markers was to assess general health 

effects and safety.  Specifically, the biochemical traits of ALT, AST, GGT, and uric acid 

are associated with obesity, risk of cardiovascular disease, metabolic syndrome and 
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diabetes (Middelberg et al., 2007).  However, no attempt was made to identify those 

students with minor illness on the day of study due to the assumption that if they were 

well enough to attend school, they should be considered as part of a normal, healthy 

population (Wallis et al., 2005).  Statistically significant time effects were found for ALT 

(15.8% ± 16.38, p = 0.000), although the  mean levels for ALT remained within normal 

clinical ranges (Schwimmer et al., 2005).  The time effect GGT suggested a trend (p = 

0.06).  However, these values are within normal ranges and may be simply due to 

measurement error or assay variability, demonstrating the need to refer participants with 

high ranges as needed.  Safety makers of muscle damage demonstrated statistically 

significant time effects for total CK (62.4% ± 96, p = 0.000), BUN (24% ± 55 p = 0.008), 

and the BUN to Creatinine Ratio (19.9% ± 38, p = 0.005).  Whole blood measurements 

demonstrated statistically significant time effects for basophils (-5.63% ± 39.2, p = 

0.025), and eosinophils (37.6% ± 70.2, p = 0.006).  While significant differences were 

observed, the mean levels did not exceed normal clinical values.  Based on the data 

collected, the multicomponent program resulted in an improvement of blood lipid 

profiles and insulin resistance without adversely affecting the general markers of clinical 

status. 

 
Dietary Intervention 

 
Participants were assigned diets based on 500 kcalories subtracted from the 

resting energy expenditure measurement.  However, the participants were not compliant 

with their assigned diets.  Field notes indicated that economic concerns were a barrier 

with this population. Therefore, twenty-four hour recall assessments were given to each 

group in order to follow dietary changes (week 0, 2, 4, 6, 8, and 10).  The statistically 
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significant group x time effect for protein indicated that the control group decreased 

dietary protein whereas the experimental group increased protein consumption (CON -

3.28% ± 53.05 vs. EXP 8.15% ± 58.68, p = 0.025).  Total kcalories (-4.6% ± 53, p = 

0.013), and carbohydrates (-3.9% ± 47.8, p = 0.007), demonstrated significant time 

effects with average decreases in both.  However, carbohydrates also demonstrated a 

significant group effect (p = 0.037), which may have obscured additional statistical 

significance.  In addition to the statistically significant group effect for carbohydrates, 

significant interactions may have been hard to detect due to the large variance in both 

groups and warrants further research with a larger sample size.  Although dietary fat did 

not reveal statistical significance, the multicomponent group improved body composition 

compared to the control group.  In addition, triglycerides improved in the 

multicomponent group which may be elevated due to high carbohydrate intake (NCEP, 

2002).   Because of the increased energy needs during growth, a child can achieve 

reductions in adiposity without reducing energy intake (Doak et al., 2006).  These results 

demonstrate improvements in diet and emphasize the advantage of the multicomponent 

intervention compared to standard PE classes.     

 
Psychological Variables  

 
 

Expectancy Scale. A Visual Analog Expectancy Scale was used to determine 

cognitive expectancy.  Although there was a statistically significant group effect (p = 

0.024), there was no significant group x time interaction or time effect.  The 

measurement was to be given before the participant learned of their random group 

assignment.  However, the participants knew of their status in the research study when 
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they answered the questionnaires.  Therefore, this may not represent a valid expectancy 

measurement, and may explain the difference in groups.  At this time, the author is not 

aware of any other interventions that have assessed cognitive expectancy in a 

multicomponent intervention for weight loss.  However, this measure could provide 

valuable information in the future and should be included with future interventions.  

 
Pediatric Quality of Life.  Cognitive-behavioral weight management programs 

may modify adverse health effects and psychological distresses, without necessarily 

causing a drastic weight loss in obese individuals (Wisotsky & Swencionis, 2003).  

Benefits also include being more assertive in coping with the adverse social stigma of 

being overweight, self-esteem enhancement, and reduction in dissatisfaction with body 

image regardless of weight loss (Wisotsky & Swencionis, 2003).   Quality of life (QOL) 

is central to pediatric practice and researchers have recommended that attempts be made 

to use QOL measures in research involving children (Eiser & Morse, 2001).  This 

analysis revealed a trend for both time (6.95% ± 20.53, p = 0.06), and group x time 

effects (p = 0.07) for the physical health summary score.  Therefore, a larger sample size 

may have increased the power of the study and the likelihood of statistical significance 

for the physical health summary score.  Previous research (Schwimmer et al., 2003), has 

shown that obese children and adolescents are more likely to have impaired health-

related QOL than healthy children and adolescents.  For severely obese children and 

adolescents, it is similar to those diagnosed as having cancer (Schwimmer et al., 2003).  

Therefore, it may be challenging to improve QOL in the overweight/obese adolescent 

group, and without a healthy control group, differences may be hard to detect.  For 
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example, these results indicated no statistically significant group, time, or group by time 

interactions between groups for psychosocial health or physical health summary scores.    

 
PACE Measures.  The PACE measurement scale was used to assess stages of 

change, change strategies, decisional balance (pros and cons), self efficacy, family, 

influence and peer influence for physical activity, sedentary behavior, fruit and vegetable 

consumption and dietary fat consumption.  Additional measurements included days of 

physical activity, physical activity environmental factors, sedentary habits on school 

days, and sedentary habits on non-school days.  Overall, the PACE measurements 

revealed significant interactions for group x time effects for physical activity 

environmental factors, and fruit and vegetable con decisions, without further 

significance.   

 The significant interaction for physical activity environmental factors (CON -

6.92% ± 18.66 vs. EXP 9.96% ± 27.79, p = 0.039), indicates fewer environmental 

barriers to physical activity, such as safe access to school, sidewalks, bicycles, safety, etc, 

for the multicomponent group.   In addition, the statistically significant interaction for 

fruit and vegetable con decisions (CON 31.71% ± 49.75 vs. EXP 3.41% ± 47.22, p = 

0.043), indicated that the experimental group reported fewer negative (con) decisions 

regarding their ability to eat five or more fruits and vegetable servings per day.  The 

decrease in con decisions in fruit and vegetable intake by the experimental groups 

represents an improvement in diet which may also be mirrored by the significant 

lowering of triglycerides.  These results demonstrate a significant contribution of this 

multicomponent intervention on diet, as well as body composition, compared to standard  
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PE.  The educational component was limited to one day per week.  Language barriers 

existed in addition to lower reading levels which were a limitation.  Future interventions 

may consider reading all educational material aloud to ensure understanding.  Practical 

activities such as cooking demonstrations may also be beneficial.     

 A significant trend was present for the time effect for days physically active (p = 

0.06).  The lack of statistically significant change in days physically active in both groups 

supports that outside days of physical activity did not bias the results.  A statistically 

significant time effect was present for stages of change for sedentary behavior (CON 0.70 

± 1.17 and EXP 0.50 ± 1.57, p = 0.008), indicating improvement in readiness for change 

for both groups.   When looking at the specific stages, researchers (Di Noia et al., 2006) 

found that participants in action-maintenance stages reported higher pro (positive) 

decisions, self-efficacy, and fruit and vegetable consumption and significantly lower con 

decisions when compared to those in precontemplation and contemplation-preparation 

stages (Di Noia et al., 2006).  Again, this supports the benefits of the multicomponent 

intervention regardless of the influence of outside changes.   

 Although there were no changes in self-efficacy, previous research has shown that 

people are vulnerable at the point they take action with decisions linked to low self-

esteem and confidence (Tod & Lacey, 2004).  However, self efficacy was statistically 

significant for the group effect, with the control group reported greater self-efficacy than 

the experimental group, with differences persisting.  A 12-week program designed for 

weight loss in young adults, resulted in improvements in self-efficacy, eating habits and 

weight loss when compared to the control.  The researchers concluded that using 
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behavioral techniques to improve self-efficacy can be effective in weight loss promotion 

and can produce positive outcomes (Roach et al., 2003).   

 
Follow-Up Testing 

 
Follow-up testing occurred in a subset (n= 19) of participants 3-months after the 

intervention.  Statistical results revealed significant time effects for body mass (2.4 % ± 

6.9, p = 0.006), BMI (4.6% ± 9.7, p = 0.022), BIA percent body fat (5.8% ± 10.2, p = 

0.007), waist (2.9% ± 4.6, p = 0.004) and hip circumference (3.3% ± 6.1, p = 0.021).  

This is not surprising considering the expected growth during adolescence.  The Pediatric 

Quality of life (PedsQL) revealed a statistically significant group x time effect for the 

psychosocial health summary score (CON -23% ± 40 vs. EXP 25.3% ± 65, p = 0.039), 

indicating that the experimental group reported greater improvements without 

significance in the physical health summary score.  Although previous research 

(Schwimmer et al., 2003), has shown that obese children and adolescents are more likely 

to have impaired health-related QOL than healthy children and adolescents, the follow-up 

participants reported benefits.  A significant interaction was also present in the PACE 

measurements of physical activity family support which also revealed an improvement 

for the experimental group (CON -0.64% ± 24.4 vs. EXP 17.8% ± 19.3, p = 0.027).  

Previous researchers (Nemet et al., 2005) found significant differences between the 

intervention group (n = 20) and the control group (n = 20) in body weight (0.6 ± 6.0 kg 

vs. 5.3 ± 2.7 kg), BMI (-1.7 ± 2.3 kg/m2 vs. 0.6 ± 0.9 kg/m2), and body fat percentage 

after a 1-year follow-up period (Nemet et al., 2005).  Considering that the follow-up 

measurements  
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occurred roughly three months after the intervention, further differences may be present 

later.  

Conclusions 
 

In conclusion, this multicomponent school-based intervention using circuit-

resistance training, dietary intervention and behavioral modification was beneficial to 

overweight/obese female adolescents.  The 10-week study resulted in significantly 

greater improvements in body composition, triglycerides, and insulin sensitivity as 

compared to the traditional PE class.   Research has indicated that school-based and 

extracurricular physical activity reduces the likelihood of adolescents transitioning to 

overweight as young adults (Menschik et al., 2008).  However, this multicomponent 

exercise, diet, and behavioral modification program promoted greater benefits than 

standard physical education.  This intervention also offered the benefits of the circuit-

resistance training program in the school setting and the benefits of resistance training, 

aerobic activity, and education.   

Limitations were present in this school-based intervention which may have 

masked additional benefits of this program.  For example, a larger sample size would 

have increased the power of this study and the likelihood of statistical significance.  

Therefore, more research using a larger population and longer time period is needed to 

further examine the effects of such a program.  In addition, because outcomes regarding 

weight change or changes in body fat are more robust with obese students (Sahota, 2001), 

this intervention may have demonstrated more significance had it been limited to obese 

students (≥ 95th percentile).  Nevertheless, because an increased risk of death from 

cardiovascular disease occurs in adults in those whose BMI was greater than the 75th 
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percentile as adolescents (Kiess et al., 2001), this represents a valid group for prevention.  

Non-compliance of the diet assignment represented another limitation as some 

participants expressed concerns of economic disparity and lack of control in food 

choices. This was noted per individual in field notes on the Friday weigh-in day in 

privacy.  Although educational material was sent home to the parents, this was 

insufficient in assisting with the diet.  However, recipes offered a practical resource in the 

educational component as many could be manipulated to work within the family budget.  

Future interventions using diets with adolescents should include low cost meals, and 

healthy cultural food suggestions. 

 Despite the availability of education programs addressing the link between food 

and health, overweight and obesity among students continue to increase, highlighting the 

fact that additional approaches are needed to supplement existing programs (Moreno et 

al., 2004).  Consequently, the importance of prevention has been acknowledged (M 

Rosenbaum & Leibel, 1998) for future research and should be a primary goal.  Attrition 

rates in pediatric weight management programs are as high as 46% (Monzavi et al., 

2006).  Therefore, this study underscores the importance of the school setting as a sight 

for intervention since all of the participants completed the 10-week study.  The 

monitoring of long-term behavioral change  includes a target of 5% increase in physical 

activity levels over ten years (Wiecha et al., 2004) emphasizing that more longitudinal 

studies are needed.  A benefit of this intervention is that it provided a novel approach to 

the treatment of adolescent overweight and obesity, demonstrating significant 

significantly greater improvements in body composition, triglycerides, and insulin 

sensitivity compared to the standard PE. 
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Part 2:  Introduction & Rationale 
 
The Curves International fitness and weight loss program has become a very popular means of 
promoting health and fitness among women.  Over 4 million women belong to some 9300 Curves 
centers in the United States.  The program involves a 30-minute circuit training program 
involving use of thirteen bidirectional hydraulic exercise machines that trains all major muscle 
groups interspersed with calisthenics type exercises designed to maintain an elevated heart rate 
and increase energy expenditure.  For members wishing to lose weight, the program recommends 
following a short caloric restricted diet (1,200 kcals/day) designed to promote weight loss 
followed by a moderately caloric restricted diet (1,600 kcals/day) that is designed to promote a 
gradual reduction in body fat.  The diet recommends one of two types of macronutrient 
manipulations based on initial dietary practices and response to a carbohydrate tolerance 
questionnaire.  This program is designed to promote fat loss and improve fitness without 
maintaining a very low calorie diet (i.e., ≤ 800 kcals/day) that is often used in weight loss trials.  
Additionally, it is designed to decrease the incidence of subjects experiencing a weight regain 
once their weight goals have been achieved by increasing resting energy expenditure (a major 
contributor to daily energy expenditure) [1].  The Exercise & Sport Nutrition Lab has been 
conducting extensive studies on the efficacy of the Curves for Women program.  Results from 
several studies have shown that the Curves program is highly effective in promoting weight loss, 
improving markers of health, and improving fitness [2]. In the previous Curves for Kids 
intervention, 17.2% of the students were identified as at risk for overweight (>85th percentile for 
height and weight) and 29.2% of the students were identified as overweight (>95th percentile) at 
baseline testing (n = 494), indicating a high incidence of obesity in the adolescent population [3]. 
The School Physical Activity and Nutrition Project (SPAN), which monitor the prevalence of 
overweight/obesity in school-aged children in Texas, measured prevalence for overweight/obesity 
for the Waco-McLennan County Public Health District. Results from portion of the data collected 
in SPAN III for eight grade students indicated that there is a high prevalence of overweight 
children in our community. In addition, Hispanic students were more likely to be at risk for 
overweight or overweight in all grade levels. Recommendations include directing interventions 
towards the Hispanic Community when possible [4].   
 
The purpose of this study is to develop teaching curriculum materials and to implement and 
assess the effects of conducting a Curves fitness program with dietary intervention for overweight 
adolescent females at a local Hispanic middle school in the Central Texas area. The previous 
Curves for Kids intervention resulted in improved fitness and health outcomes from an exercise 
only intervention [3]. However, there is a need for an exercise and weight loss intervention in 
high-risk students.  Targeted behaviors will include increasing fruit and vegetable consumption, 
decreasing dietary fat, increasing activity, and decreasing sedentary behavior.  Middle school 
students were selected as subjects for this project because research indicates that the engagement 
in physical activity in middle school years is critical in child’s lifelong level of activity [5]. 
Additionally, it is the point in which obesity and diabetes begin to become evident in our youth 
[6]. This study was devised as a group randomized trial so that its effect could be appropriately 
assessed. 
 

Part 3:  Methodology 
 
Subjects 
 
Approximately 50 overweight/at risk for overweight middle school students from an area school 
with a high proportion of Hispanic students who have been cleared to participate in physical 



148 

education/activity classes will be recruited to participate in this study.  This protocol will be 
approved by the designated school Principal.  Subjects and their parents and/or guardians will be 
informed of the requirements of the study.  In addition, both will sign informed consent 
statements in compliance with the Human Subjects Guidelines of Baylor University and the 
American College of Sports Medicine.  
 
Study Site 
Participants, Guardians, and the school administration at the intervention site will be familiarized 
to the experimental procedures prior to baseline testing in the school setting.  All exercise training 
sessions will be conducted at the student’s school during their physical activity class.  Testing 
will be conducted at the Exercise & Sport Nutrition Lab (ESNL) of Baylor University and at the 
student’s school.   For testing requiring transportation to the Exercise & Sport Nutrition Lab, 
students will be transported by the school bus service. Students will be picked up by the school 
bus service at their school and taken directly to the ESNL at Baylor University.  The distance is 
approximately 3 miles. In addition, a student aide will be present to assist with the students.   
 
Experimental Design 
 
Table 1 shows the general research design and time course for assessments.  The independent 
variable will be exercise and diet intervention.  Dependent variables will include: estimated 
dietary energy intake; body composition, bone density, and body water assessment; hip and waist 
anthropometric measurements; resting energy expenditure (REE), fasting clinical blood profiles 
(substrates, electrolytes, muscle and liver enzymes, red cells, white cells, insulin, leptin, and 
lipogenic enzymes); resting heart rate, resting blood pressure, hand grip strength, push-up 
endurance, curl-up muscular endurance, trunk flexibility, aerobic capacity (walk test), and several 
questionnaires to assess standardized quality of life (PedsQOL), physical activity, sedentary 
behaviors, dietary fat intake, and fruit and vegetable consumption. 
 

Entry and Familiarization Session 
 
Subjects will be recruited from their physical education classes at their middle school.  Students 
expressing interest in participating in this study will be given an information packet that includes 
the consent form for their parents or guardian and the student to sign in order to give them 
permission to participate in the study.  Subjects who meet eligibility criteria and obtain 
permission from their parents or guardian to participate will then be familiarized to the study.  
During this session, subjects will sign Informed Consent Statements and complete personal and 
medical histories. This will include describing the training and diet program and familiarizing the 
subjects to the tests to be performed. Subjects will then be scheduled for baseline assessments.  
 
Baseline Testing   
 
Subjects will report to their school for testing that will be conducted during classes over several 
days. Additional testing will take place at the Exercise Sports Nutrition Laboratory (ESNL) at 
Baylor University.  At the school, subjects will complete several dietary, health and exercise 
adherence questionnaires including the following:  Food and dietary records, Food Frequency 
Questionnaire, Cognitive Expectancy questionnaire, PedsQOL, and the PACE Adolescent 
Psychosocial scales including physical activity, sedentary behavior, fruit and vegetable 
consumption, and dietary fat reduction.  Subjects will then perform a hand grip test, a 1-minute 
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push-up test, a 1-minute sit-up test, a sit-and-reach flexibility test, and an aerobic capacity test (1 
mile walk/run test).  On a separate day, subjects will report to the Exercise Sports Nutrition 
Laboratory at Baylor University transported by the school bus service. Following the 
familiarization/practice session, the subjects will record all food consumed on dietary record 
forms for four days (4-d). Subjects will be instructed to refrain from exercise for 48 hours and fast 
for 12-hours prior to baseline testing at the ESNL.  Subjects will then report to the ESNL for 
body composition and clinical assessments. Subjects will be weighed, and have resting energy 
expenditure (REE), blood pressure, and resting heart rate determined using standard procedures. 
Following these assessments, total body water will be determined by bioelectrical impedance 
(BIA), and body composition will be determined using a Hologic QDR-Discovery-W Dual 
Energy X-ray Absorptiometer (DEXA). Subjects will then have hip and waist measurements 
determined.  Subjects will donate approximately 20 ml of fasting blood using venipuncture 
techniques of an antecubital vein in the forearm according to standard procedures.  Blood samples 
will be analyzed at the Exercise Biochemistry Nutrition Laboratory at Baylor University to run 
clinical chemistry profiles (glucose, total protein, blood urea nitrogen, creatinine, BUN/creatinine 
ratio, uric acid, AST, ALT, CK, LDH, GGT, albumin, globulin, sodium, chloride, calcium, 
carbon dioxide, total bilirubin, alkaline phosphatase, triglycerides, cholesterol, HDL, LDL) and 
whole blood cell counts (including hemoglobin, hematocrit, red blood cell counts, MCV, MCH, 
MCHC, RDW, white blood cell counts, neutrophils, lymphocytes, monocytes, eosinophils, 
basophils).  Serum samples will also be assayed for insulin, leptin, and lipogenic enzymes.  In 
addition, activity will be assessed using pedometers for one week.  Exercise intensity will be 
measured during the intervention using Polar hear rate monitors in order to provide immediate 
feed-back to the student.  These tests will help determine whether the school intervention protocol 
employed affects measures of QOL and health, psychosocial measures, and body composition. 
The control group will participate in all baseline testing. 

Randomization and Dietary Intervention 
 
Table 2 presents the exercise and dietary intervention protocol to be employed in the study.  
Subjects will be randomized into one of two groups.   The groups will include: 1.) No 
Intervention + No Diet; 2.) Exercise + High Carbohydrate/Low Protein Diet.  The intervention 
group will be assigned a diet based on the Curves for Women® exercise and diet plan protocol 
[7].  Our previous research has shown that this 10-week program promotes a 10 – 15 lbs weight 
loss in adult women  [8].  Subjects will be asked to follow a diet plan developed by a registered 
dietitian that adheres to the macronutrient intake described in Table 2.   
 
Dietary Intervention 
 
Subjects will be assigned to their respective diets based upon their resting energy expenditure.  
After resting energy expenditure has been determined, subjects will be assigned a diet based on 
an approximate energy deficit of 500 kcals/day.   The four possible diets to which subjects may 
be assigned are the 1000, 1200, 1400 and 1600 kcalories per day diets.  Based upon an average 
body weight of 68 kg, the kcal value of the 4 Curves fitness program diets (1000, 1200, 1400 and 
1600 kcalorie) can be expressed respectively as 15 kcals/kg, 18 kcals/kg, 21 kcals/kg and 24 
kcals/kg.  This will be maintained throughout the intervention. 
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Training Protocol 
 
Subjects will participate in the Curves 30-minute fitness program 3 times per week (Monday, 
Tuesday, and Thursday) in physical education classes in the Spring Semester.  This will involve 
performing up to 13 hydraulic resistance exercise machines involving bidirectional resistance that 
trains all major muscle groups interspersed with floor-based callisthenic exercises design to 
maintain an elevated heart rate.  The Curves equipment will be located at the school.  A doctoral 
research assistant will be responsible for supervising the exercise sessions.  The Wednesday 
exercise session will consist of 30 minutes of aerobic exercise supervised by research assistants.  
Friday will consist of a weekly weigh in, nutrition and physical activity education, and 
journaling. The training will last for 10 weeks.  Table 3 shows the physical activity and 
behavioral intervention. 
 
Nutritional Education 
 
Subjects will be taught how to record food intake as well as basic nutritional and diet information 
from materials developed by a registered dietitian and exercise physiologists.  The nutrition 
education will include a weekly weigh-in and journaling.  Because many adolescents do not meet 
national guidelines for participation in regular moderate or vigorous physical activity; limitations 
on sedentary behaviors; or dietary intake of fruits and vegetables, fiber, or total dietary fat [9]; 
education will be designed to improve these behaviors.  
 
Previous research [10] has stated that behavioral interventions designed to promote dietary 
change include the following components:  medical assessment, initial assessment of diet history, 
readiness assessment, establishment of dietary goals, self-monitoring, stimulus control training, 
training in problem solving, relapse prevention training, enlisting social support, nutrition 
education, dietary therapy, and ongoing contact to maintain progress. The behaviors that are 
modified in the behavioral treatments for overweight and obesity include improving dietary 
choices, decreasing sedentary behaviors, and increasing habitual physical activity and exercise. In 
addition, this form of intervention can be used to help overweight adolescents become more 
assertive in coping with the adverse social stigma of being overweight, enhance self-esteem, and 
reduce dissatisfaction with body image regardless of their weight loss [10].  Therefore, these 
components will be emphasized in the educational component. 
 
In order to encourage parent involvement, educational material from the We Can! (Ways to 
Enhance Children’s Activity and Nutrition) curriculum developed by the National Heart, Lung, 
and Blood Institute will be sent home to the parents.  In addition, through the weekly journaling, 
students will be encouraged to talk about nutrition and physical activity components with their 
parents.  
 
Subjects who are randomized to the control group will have the opportunity to receive the 
educational materials at the end of the study.  Because the study will be completed at the end of 
the school year, the control group will not receive the dietary intervention.  However, the subjects 
and/or their parents may request a diet booklet in addition to the educational materials.   

Activity Assessment 
 
Pedometers will be worn for one week after baseline testing in order to get a baseline 
measurement of activity in addition to the follow-up assessment.  The children will be told how 
the pedometer works and be allowed to handle the devices.  The pedometer will then be sealed to 
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prevent tampering.  The children will be instructed to go about their normal daily activities. 
Activity counts will be measured from the end of the school day to the start of the following 
morning at school. The device will be removed before going to bed, and re-attached at the hip 
immediately after getting out of bed. The researchers will collect the pedometers in the first 30-
minutes of the school day and record the pedometer counts. To record physical activity, it is 
recommended that the pedometers be worn for an entire week, including weekend days [11]. 
Saturday and Sunday activity counts will be combined to represent the total weekend physical 
activity which is recorded on the Monday morning at school. The pedometer should be attached 
to the hip region, placed inline with the top of the dominant foot [11]. A pedometer that has 
demonstrated accuracy such as the Digiwalker (Yamax Inc., Tokyo, Japan) will be used.  It has 
shown the measurement of the number of steps and distance within 1% of actual or observed 
measures [11]. Activity counts will be measured at the school under the supervision of trained 
research assistants.   

Assessment Schedule 
  
Table 1 describes the assessment schedule to be used in the study.  The assessment 
schedule is designed to be able to evaluate the effects of exercise training and nutritional 
education on diet, body composition, fitness, and various diet, exercise, and 
psychological profiles.  Subjects will complete all testing at week 0 and week 10.  These 
tests will determine how the exercise and dietary education affect body composition, 
fitness, and perceptions about exercise. In addition, follow-up assessments will be 
conducted at week 14 at the student’s school. Follow-up testing will include 
questionnaires, height, weight, girth measurements, and activity assessment with 
pedometers.  

Post- Testing  
 
Subjects will replicate all pre-testing assessments following 10 weeks of school 
intervention.  These tests will determine whether the school intervention protocol affects 
QOL, health status, or promotes improvement in body composition in comparison to the 
control.  In addition, follow-up testing will be conducted 3 months after the completion 
of the study.   
Data Analysis  
 
Analysis of variance (ANOVA) for repeated measures univariate tests will be used to analyze 
data. Data will be considered statistically significant when the probability of type I error is 0.05 
or less.  If a significant group, treatment and/or interaction alpha level is observed, least 
significant differences (LSD) post-hoc analyses will be performed to determine where 
significance was obtained.   
 
Research Team 
 
Jacqueline Beckham Dove, MS, CISSN, CAHI.  Jacqueline Beckham Dove is a doctoral 
research assistant in the Exercise, Nutrition, and Preventive Health program in the Department of 
HHPR.  Mrs. Dove coordinated the previous Curves in Middle School study and will coordinate 
the current study and provide the intervention.   
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Richard B. Kreider, PhD, FACSM.  Dr. Kreider is the Professor and Chair of the Department of 
Health, Human Performance, & Recreation at Baylor University.    Dr. Kreider is an 
internationally recognized exercise scientist.  He has conducted a vast amount of research 
primarily focusing on the role of exercise and nutrition and health and performance.  Dr. Kreider 
will serve as the supervising investigator in coordinating the conduct of the study. 
 
Rodney Bowden, PhD.  Dr. Bowden serves as Assistant Professor of Health in the Department of 
Health, Human Performance, & Recreation at Baylor University.  Dr. Bowden will supervise 
assessment of pediatric quality of life and related questionnaires.     
 
Darryn S. Willoughby, PhD, FACSM, FISSN, CSCS.  Dr. Willoughby is an Associate Professor 
of Exercise and Muscle Physiology and Biochemistry in the Department of HHPR.  Dr. 
Willoughby is an internationally recognized exercise biochemist and molecular physiologist.  He 
has conducted a vast amount of research focusing on the biochemical and molecular regulatory 
mechanisms regarding exercise performance and nutrition.  Dr. Willoughby will supervise 
clinical chemistry assays.   
 
Karen Fredenburg, PhD.   Dr. Fredenburg serves as Associate Professor in the Department of 
Health, Human Performance, & Recreation at Baylor University.  Dr. Fredenburg will assist in 
developing teacher curriculum materials. 
 
Margaret Wooddy, PhD.  Dr. Wooddy serves as Professor of Health in the Department of Health, 
Human Performance, & Recreation at Baylor University.  Dr. Wooddy will assist in developing 
teacher curriculum materials 
 
Chris Rasmussen, MS, CSCS, EPC, MX.  Mr. Rasmussen serves as research coordinator in the 
ESNL.  He will be responsible for day to day scheduling and testing for this study.    
 
Ronald Wilson, MD.  Dr. Wilson serves as medical supervisor for the ESNL and Center for 
Exercise, Nutrition & Preventive Health Research (CENPHR). 
 
Research Assistants.  Research assistants will be assigned to assist in data collection and 
analysis. Additional research assistants will supervise training sessions. 
 
Registered Dietitian.  The registered dietitian (RD) will develop meal plans according to the 
macronutrient intake goals described in Table 2.  The RD will also supervise analysis of 
nutritional records and assist in conducting resting energy expenditure assessments.   
 
Procedures  
 
Medical Monitoring.  Subjects will be informed to report any unexpected problems or adverse 
events they may encounter during the course of the study to their physical education or health 
teacher. If clinically significant side effects are reported, the subjects will be referred to discuss 
the problem with the school nurse.  The research assistant and school nurse will be asked to 
notify the school’s study director of any adverse event.  Subjects will be expected to obtain 
medical care from their personal physician if an adverse event occurs.  New findings and/or 
medical referrals of unexpected problems and/or adverse events will be documented, placed in the 
subjects research file, and reported to the Baylor IRB committee. Trained, non-physician exercise 
specialists certified in CPR will supervise subjects undergoing exercise assessments in the 
Exercise, Sports, and Nutrition Laboratory (ESNL). A telephone and an automated electronic 
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defibrillator are located in the laboratory in case of any emergencies and there will be no less than 
two researchers working with each subject during testing sessions.  In the event of any unlikely 
emergency one researcher will check for vital signs and begin any necessary interventions while 
the other researcher contacts Baylor’s campus police at extension 2222.  Instructions for 
emergencies are posted above the phone in the event that any other research investigators are 
available for assistance.  Subjects will be informed to report any unexpected problems or adverse 
events they may encounter during the course of the study to Richard B. Kreider, PhD, EPC or 
Chris Rasmussen, MS, MX, EPC, CSCS.  If clinically significant side effects are reported, the 
subjects will be referred to discuss the problem with the research nurse practitioner (currently 
Melyn Galbreath, FNP) or Lori Greenwood, PhD, ATC who is an Associate Professor of Athletic 
Training at Baylor University.  If deemed necessary, Dr. Greenwood will refer the subject to Ron 
Wilson, MD for medical follow-up.  Dr. Wilson is one of the Sports Medicine physicians for 
Baylor University and is an adjunct Professor in the Department of HHPR. He has agreed to 
provide medical support and consultation for this study and to our lab.  Dr. Wilson will evaluate 
the complaint and make a recommendation whether any medical treatment is needed and/or 
whether the subject can continue in the study.  If Dr. Wilson feels medical follow-up is necessary, 
the subject will be referred to obtain medical treatment from their personal physician. This is a 
similar referral/medical follow-up system that Baylor athletes are provided with the exception 
that subjects in this study will not be provided medical care.  New findings and/or medical 
referrals of unexpected problems and/or adverse events will be documented, placed in the 
subjects research file, and reported to the Baylor IRB committee.    
Dietary Inventories.  Subjects will be asked to record all food and fluid intake on dietary record 
forms with the assistance of their parents for 24-hours on the day preceding each experimental 
testing session in order to evaluate nutritional intake. Dietary intake will be assessed using the 
Food Processor III Nutrition Software. 
 
Body Composition Assessments.  Subjects will undergo body composition tests in the ESNL.  
Prior to each assessment, height will be measured using standard anthropometry and total body 
weight will be measured using a calibrated electronic scale with a precision of +/-0.02 kg.  Total 
body water will then be estimated using a Xitron 4200 Bioelectrical Impedance Analyzer (San 
Diego, CA) which measures bio-resistance of water and body tissues based on a minute low 
energy, high frequency current (500 micro-amps at a frequency of 50 kHz) transmitted through 
the body. This analyzer is commercially available and has been used in the health care/fitness 
industry as a means to assess body composition and body water for over 20 years.  The use of this 
device has been approved by the Food and Drug Administration (FDA) to assess total body water 
and the current to be used has been deemed safe [12]. This is measured through four electrodes 
placed on the body: one electrode will be placed on the posterior surface of the right wrist, in 
between the radial and ulna styloid processes (wrist bones), another electrode will be placed on 
the posterior surface of the right hand at the distal base of the second metacarpal; the third 
electrode will be placed on the anterior surface of the right foot at the distal end of the first 
metatarsal.  Subjects will lie on a table in the supine position and electrodes will be connected to 
the analyzer.  After the subject is connected, age, gender, weight, height, and activity level are 
entered into the unit by the technician.  After the unit has measured the resistance, which takes 
approximately 30 seconds, the unit then calculates total body water and body water percent. 
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Body composition/bone density will then be determined using a calibrated Hologic QDR-
Discovery-W Dual Energy X-ray Absorptiometer (DEXA) by qualified personnel with limited x-
ray technology training under the supervision of Richard B. Kreider, PhD, MX. The lack of a 
gold standard for measurements of body composition in children makes evaluation of simple 
methods difficult.  Previous research indicates that DXA and D2O dilution showed negligible 
mean error in measuring FFM relative to the 4C model. This suggests that the prototype Hologic 
DXA software for children may have overcome artifacts of body size previously reported [13]. 
The DEXA body composition test will involve having the subject lie down on their back in a 
standardized position in a pair of shorts/t-shirt or a gown.  A low dose of radiation will then scan 
their entire body for approximately six (6) minutes. The DEXA segments regions of the body 
(right arm, left arm, trunk, right leg, and left leg) into three compartments for determination of 
fat, soft tissue (muscle), and bone mass. Radiation exposure from DEXA for the whole body scan 
is approximately 1.5mR per scan. This is similar to the amount of natural background radiation a 
person would receive in one month while living in Memphis.  The maximal permissible x-ray 
dose for non-occupational exposure is 500 mR per year. Total radiation dose will be less than 
5mR for the entire study. Since adolescents of child bearing age will serve as subjects in this 
study, each subject will complete a questionnaire related to their menstrual cycle timing, sexual 
activity, use of birth control pills, and risk of becoming pregnant (see attached).  DEXA tests will 
be performed within 14-days of the onset of their period in menstruating females of child bearing 
age who do not use oral contraceptives according to NCRP and ARP radiology standards in order 
to reduce the possibility of exposure of an unknown fetus to radiation.   
 
Blood Samples. Subjects will fast overnight for twelve (12) hours and then donate approximately 
4 teaspoons of fasting venous blood (20 milliliters).  Blood samples will be obtained using 
standard phlebotomy procedures using standard sterile venipuncture of an antecubital vein by 
laboratory technician’s trained in phlebotomy in compliance with guidelines established by the 
Texas Department of Health and Human Services. The phlebotomists and lab technicians will 
wear personal protective clothing (gloves, lab coats, etc.) when handling blood samples.  Subjects 
will be seated in a phlebotomy chair.  Their arm will be cleaned with a sterile alcohol wipe and 
sterile gauze.  A standard rubber tourniquet will then be placed on the brachium.  An antecubital 
vein will be palpated and then a 23 gauge sterile needle attached to a plastic vacutainer holder 
will be inserted into the vein using standard procedures. Three serum separation vacutainer tubes 
(red tops) and one EDTA vacutainer tubes (purple top) will be inserted into the vacutainer holder 
for blood collection in succession using multiple sample phlebotomy techniques.  Once samples 
are obtained, the vacutainer holder and needle will be removed.  The needle will be discarded as 
hazardous waste in a plastic sharps container.  The site of the blood draw will then be cleaned 
with a sterile alcohol wipe and gauze and a sterile Band-Aid will be placed on the site.  The blood 
collection tubes will be labeled and placed in a test tube rack.  Laboratory technicians (who have 
received blood borne pathogen training and will be wearing personal protective clothing) will 
centrifuge the serum samples, transfer serum into labeled serum storage containers, and prepare 
samples for shipment or storage into a refrigerator or freezer for subsequent analysis.  Serum and 
whole blood samples will be sent to the Baylor University Exercise Biochemistry Nutrition 
Laboratory for assay of a standard clinical chemistry profile (glucose, total protein, blood urea 
nitrogen, creatinine, BUN/creatinine ratio, uric acid, AST, ALT, CK, LDH, GGT, albumin, 
globulin, sodium, chloride, calcium, carbon dioxide, total bilirubin, alkaline phosphatase, 
triglycerides, cholesterol, HDL, LDL) and whole blood cell counts (including hemoglobin, 
hematocrit, red blood cell counts, MCV, MCH, MCHC, RDW, white blood cell counts, 
neutrophils, lymphocytes, monocytes, eosinophils, basophils) in order to evaluate markers of 
catabolism and clinical safety of the supplementation protocol.  Serum microcentrifuge samples 
will be assayed for insulin, leptin, lipogenic enzymes, and markers of bone 
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metabolism/absorption using standard ELISA and spectrophotometric techniques in the ESNL at 
Baylor University.  Analysis of these blood parameters will determine the exercise and dietary 
intervention on general markers of clinical health status, insulin, markers of fat deposition, and 
bone metabolism.  
 
Resting Energy Expenditure Assessment.  Resting energy expenditure assessments will be made 
according to standard protocols using the Parvo Medics TrueMax 2400 Metabolic Measurement 
System (Sandy, UT).  This will involve the subjects lying down on an exam table, having a light 
blanket placed over them to keep warm, and inserting ear plugs in their ears to reduce 
distractions.  A see through metabolic canopy will then be placed over the subjects neck and head 
so that metabolic measurements can be obtained.  The subject will lie motionless without going to 
sleep for 15-minutes. Metabolic measurements will then be obtained to determine resting oxygen 
uptake and energy expenditure.   
 
Resting Heart Rate & Blood Pressure.  Heart rate will be determined by palpitation of the radial 
artery using standard procedures [14].  Blood pressure will be assessed in the supine position after 
resting for 5-min using a mercurial sphygmomanometer using standard procedures [14].   
 
Exercise Tests.  Standard physical fitness tests will be performed and include a standard hand-
grip test using a hand-grip dynamometer; a one-minute push-up test (modified for girls), a one-
minute sit-up test, a sit-and-reach trunk flexibility test, and a one-mile walk test.   Descriptions of 
these tests are as follows: 
 
 Hand Grip Test.   Hand grip maximal strength is determined by positioning the hand grip 
dynamometer comfortably in the hand with the proximal carpal bones extended.  The subject is 
asked to hold the dynamometer away from the body and squeeze as hard as they can without 
holding their breath.  The total force in kg is recorded.  The subject repeats this test twice on both 
hands with the highest score recorded.   Scores achieved are compared to national norms. 
 
 Push-Up Test.  The subject will assume a standard push-up position with the hands 
positioned under their shoulders, back and legs straight, with the toes serving as a fulcrum.  Girl’s 
will assume the modified position with the knees bent and touching the floor.  Time will begin as 
the subject is in the up position.  Subject’s must go all the way down and extend in good position.  
The subject must go down until their chest and/or chin touch the floor.  The total number of push-
ups completed without rest is counted as their score and compared to national norms. 
 
 Curl-Up Test.  The subject lies down on their back with their knees bent at a 90º angle.  
The subject places their hands on their thighs and will perform an abdominal crunch to 30º 
(shoulder blades off mat and reaching to touch top of knees) in rhythm with a metronome set at 
40 beats/min.  The subject will be asked to perform as many curl-ups as possible until reaching 75 
total.  Results will be compared to national norms. 
 
 Sit and Reach Flexibility Test.  The subject will perform a few flexibility and warm-up 
exercises and then take off their shoes.  The subject will then be positioned so that their feet are 
placed flat against a sit and reach box.  The subject is then asked to place one hand on top of 
another with their fingertips parallel.  The subject will then bend at the waist and reach as far as 
the can without holding their breath to test maximal flexibility.  The subject will repeat the test 
several times with the best score taken and compared to national norms. 
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 Aerobic Capacity.  Aerobic capacity will be determined by conducting a standard 1-mile 
walk test in which subjects are timed, and exercise heart rate is obtained.  
 
 Exercise Intensity.  In order to determine exercise intensity, heart rate will be monitored 
using the Polar E30 heart rate monitoring system during the intervention. 
 
 Activity Assessment.  A pedometer will be used to determine activity before and after the 
intervention.  A pedometer that has demonstrated accuracy such as the Digiwalker (Yamax Inc., 
Tokyo, Japan) will be used.  It has shown the measurement of the number of steps and distance 
within 1% of actual or observed measures [11]. 
 
Psychometric Assessments.  Subjects will complete the psychometric tests described below.  
Following the study, subjects will be asked to complete a post-study questionnaire to assess 
impressions about the Curves fitness and weight loss program.    

 
Cognitive expectancies.   A 10 cm visual analog scale (VAS) will be used to measure the 
subjects’ cognitive expectancies of the effectiveness of the program. Subjects will be asked, 
“How effective do you expect the nutrition and exercise program will help you achieve a 
healthy weight?” This VAS will be anchored by “Not effective at all” and “Completely 
effective”. A research team member will ask this question prior to the randomization 
assignment. 

 
Pediatric Quality of Life.  The PedsQOL (Pediatric Quality of Life Inventory) is a modular 
instrument for measuring health-related quality of life (HRQOL) in children and adolescents 
ages 2 to 18. The PedsQOL 4.0 Generic Core Scales consist of 23 items applicable for 
healthy school and community populations, as well as pediatric populations with acute and 
chronic health conditions [15] . Obese children and adolescents are more likely to have 
impaired health-related QOL than healthy children and adolescents.  In addition, severely 
obese children and adolescents have lower health-related QOL than healthy children and 
adolescents and similar QOL as those diagnosed as having cancer [16]. The PedsQOL 4.0 
Generic Core Scales (Physical, Emotional, Social, School Functioning) had minimal missing 
responses, achieved excellent reliability for the Total Scale Score (alpha = 0.89 child, 0.92, 
parent report), and distinguished between healthy children and children with chronic health 
conditions in research in the school setting [15]. Because quality of life (QOL) is central to 
pediatric practice, researchers have recommended that attempts be made to use QOL 
measures in research involving children [17]. 
 
PACE Adolescent Psychosocial Measures.  The Patient-Centered Assessment and 
Counseling for Exercise (PACE) scales measure stages of change strategies, self-efficacy, 
decisional balance, family influences, and peer influences. Questions are to physical activity, 
sedentary behavior, fruit and vegetable consumption, and dietary fat reduction.  Previous 
research has found that the measures of psychosocial constructs are appropriate for studies 
of dietary behaviors in young people [18], in addition to measures related to adolescents 
engaging in physical activity and sedentary behaviors [19].  
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Equipment 
 
Digital Scale.  Total body weight will be determined using a digital scale accurate to ±0.02 kg.  
The scale is calibrated by placing certified 25-kg weights and balancing the scale.  Other than 
general instructions, special skills are not required to measure body weight. 
 
Bioelectrical Impedance Analyzer (BIA).  The Omron HBF-306 Bioelectrical Impedance 
Analyzer (Omron Healthcare Inc., Vernon Hills, IL) which measures bio-resistance and body 
composition based on a minute low energy, high frequency current transmitted through the body 
from surface electrodes embedded in the handles of the unit.  The analyzer is calibrated internally 
to a standard electrical current by pressing the calibration key located on the unit. A trained 
research assistant will perform this procedure.  
 
Dual-Energy X-Ray Absorptiometer (DEXA).  Body composition measurements will be 
determined by qualified personnel (in compliance with State Regulations) using a Hologic QDR-
Discovery-W Dual Energy X-ray Absorptiometer (Waltman, MA). This system segments regions 
of the body (right arm, left arm, trunk, right leg, and left leg) into three compartments (i.e., bone 
mass, fat mass, and fat-free/soft tissue mass). Quality control (QC) calibration procedures will be 
performed on a spine phantom (Hologic X-CALIBER Model DPA/QDR-1 anthropometric spine 
phantom) prior to each testing session.  In addition, weekly calibration procedures will be 
performed on a density step calibration phantom. 
 
Anthropometric Measurements.  Anthropometric hip and waist measurements will be determined 
using standard procedures with a tension-regulated tape measure.  The hip to waist ratio will be 
examined to assess the impact of this fitness and weight loss program on cardiovascular risk. 
 
Mercurial Sphygmomanometer.  Blood pressure will be assessed by auscultation of the brachial 
artery using a mercurial sphygmomanometer using standard clinical procedures.   
 
Heart Rate Assessment.  Resting and exercise heart rate will be determined by palpitation of the 
radial or carotid pulse or by attaching a heart rate monitor to the subjects’ wrist and/or a sensor 
strap to their chest. Polar E30 heart rate monitors will be used.   
 
Activity Assessment.  A pedometer will be used to determine activity before and after the 
intervention.  A pedometer that has demonstrated accuracy such as the Digiwalker (Yamax Inc., 
Tokyo, Japan) will be used.  It has shown the measurement of the number of steps and distance 
within 1% of actual or observed measures [11]. 
 
Exercise Testing Equipment.  Subjects will perform push-ups and curl-up tests on exercise mats.  
The walk test will be performed at the school’s track.   
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Subjects 
 
Recruitment   
 
Approximately 50 middle school students (6, 7, or 8th grade) physical education students 
will be recruited to participate in this study.  Subjects participating in physical education 
classes will be invited to participate in the study. A recruitment flyer will be posted at the 
school.      
 
Selection Criteria   
 
Subjects will not be allowed to participate in this study if they do not qualify to participate 
without limitation in physical education activity classes at their local middle school.      

Compensation or Incentives   
 
Subjects participating in this study will be given free fitness assessments during the course of the 
study as described above and may receive information regarding results of these tests if they 
desire.  They may also be given t-shirts and/or other incentives (e.g., end-of-year party) for 
participating in the study.  

 
Potential Risks   
 
Subjects who meet eligibility criteria will be exposed to a low level of radiation during the DEXA 
body composition tests, which is similar to the amount of natural background radiation a person 
would receive in one month while living in Waco, TX.  In addition, a very low level of electrical 
current will be passed through each subject’s body using a bioelectrical impedance analyzer. This 
analyzer is commercially available and has been used in the health care/fitness industry as a 
means to assess body composition and body water for over 20 years.  The use of the BIA and 
DEXA analyzers has been shown to be safe methods of assessing body composition and total 
body water and is approved by the FDA.  Subjects will donate about 4 teaspoons (20 milliliters) 
of venous blood two (2) times during the study using standard phlebotomy procedures.   This 
procedure may cause a small amount of pain when the needle is inserted into the vein as well as 
some bleeding and bruising. The subject may also experience some dizziness, nausea, and/or faint 
if they are unaccustomed to having blood drawn.  The exercise tests that will be performed may 
cause symptoms of fatigue, shortness of breath, and/or muscular fatigue/discomfort.  The exercise 
tests may also cause short-term muscle soreness and moderate fatigue for several days following 
the tests.  Subjects may also experience muscle strains/pulls during the exercise testing and/or 
training program.  However, exercise sessions will be conducted by trained personnel and 
monitored to ensure the subjects follow appropriate exercise guidelines.  Subjects will follow a 
prescribed dietary regimen involving consuming 1,000, 1,200, 1,400 or 1,600 calories per day 
during various phases of the program.  As a result, subject may experience weight loss or gain, 
feelings of hunger or fullness, and/or changes in appetite and/or mood during various phases of 
the dietary intervention.   
 
Despite increasing trends in the prevalence of overweight and obesity, fatness phobia is common 
during female adolescence and there is a stigma to female fatness. However, unhealthy weight 
control practices including random avoidance of staple foods, fasting, smoking and purging have 
been reported in normal, underweight, and overweight girls [21]. Therefore, this program will 
address the profound fear of fatness, and the use of harmful slimming strategies.   
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Testing conducted at the Exercise & Sport Nutrition Lab of Baylor University will require 
transportation from the student’s school to Baylor University.   Students will be transported for 
testing at the Exercise & Sport Nutrition Lab (ESNL) by the school bus service.  Students will be 
picked up by the school bus service at their school and taken directly to the ESNL at Baylor 
University.  The distance is approximately 3 miles.  In addition, a student aide will be present to 
assist with the students.   
 
Researchers involved in collecting data represent trained, non-physician, certified exercise 
specialists (American Society of Exercise Physiologies Certified Exercise Physiologist, Certified 
Strength & Conditioning Specialists, Certified Athletic Trainers, and/or American College of 
Sports Medicine Health Fitness InstructorSM, Exercise TechnologistSM, Exercise SpecialistsSM, or 
Program DirectorSM for Preventive and Rehabilitative Exercise Programs).  All personnel 
involved in collecting data will be certified in CPR, which is also a condition to holding these 
professional certifications.  Testing personnel will have a cell-phone available in case of any 
emergencies.  In the event of any unlikely emergency one researcher will check for vital signs 
and begin any necessary interventions while the other researcher contacts 911.  Researchers will 
follow school emergency procedures in case of an emergency. 
 
Potential Benefits   
 
The main benefit that the subject may obtain from this study is that they will increase 
their understanding about nutrition and have an opportunity to participate in an effective 
fitness program that will enhance physical fitness and possibly improvement body 
composition.  The subject may also gain insight about their health and fitness status from 
the assessments to be performed.  In addition, the intervention is designed to improve 
coping with the adverse social stigma of being overweight, enhance self-esteem, and 
reduce dissatisfaction with body image regardless of weight loss [10].  However, even if 
no individual benefit is obtained, participating in this study will help to determine 
whether middle school students may benefit from participating in a multicomponent 
Curves fitness program.    
 
Assessment of Risk   
 
Exercise has been a well known means of optimizing health and fitness.  There is an 
increased incidence of obesity, diabetes, and onset of heart disease in young children 
primarily due to inactivity.  This study will help identify the benefits of incorporating 
circuit resistance training in middle school students.  Potential risks will be similar to 
people participating in the Curves program.  Consequently, it is our view that the 
potential benefits of subjects participating in this study outweigh the potential risks.     
 
Confidentiality   

 
Information obtained from this research (including questionnaires, medical history, laboratory 
findings, or physical examination) will be kept confidential to the extent permitted by law.  
However, according FDA regulations, records will be open to FDA representatives to review if 
necessary.  This may include questionnaires, medical history, laboratory findings/reports, 
statistical data, and/or notes taken throughout this study.  Records of the research may also be 
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subpoenaed by court order or may be inspected by federal regulatory authorities. Data derived 
from this study may be used in reports, presentations and publications. However, subjects will not 
be individually identified unless they give their written consent.  
 

Data Analysis, Presentation, & Publication 

 
Data will be analyzed using group x time repeated measures analysis of variance (ANOVA) with 
SPSS for Windows Version 14 software (SPSS Inc., Chicago, IL).  Data will be considered 
significantly different when the probability of error was 0.05 or less.  Least significant differences 
(LSD) post-hoc procedures will be performed when a significant interaction was observed.  Data 
will be presented at an appropriate scientific conference (e.g., American College of Sports 
Medicine, Experimental Biology, etc) and published in a peer reviewed scientific journal (e.g., 
Medicine & Science in Sport and Exercise, Nutrition, International Journal of Sport Nutrition and 
Exercise Metabolism, etc).    

Statement on Conflict of Interest  
 
Funding for this study will be obtained Curves International (Waco, TX) through a grant awarded 
to Baylor University in collaboration with ImagiNutrition (Laguna Nigel, CA).  Researchers 
involved in collecting data in this study have no financial or personal interest in the outcome of 
results or sponsors.   



161 

References 
 

1. Thomas A, R.C., Kerksick C, Magrans T, Campbell B, Kreider R, Effects of the 
Curves® fitness & weight loss program II: Resting energy expenditure. FASEB 
Journal., 2004. LBA57. 

2. Rasmussen, C., et al., Effects of the Curves® Fitness and Weight Loss Program 
on Markers of Health. Medicine & Science in Sport & Exercise, 2004. 36(5): p. 
S81. 

3. Beckham J, et al., Effects of the Curves® fitness program on markers of health 
and fitness in middle school-aged children. FASEB Journal, 2006. LB92. 

4. McLennon County Community Needs Assessment- 2006. 2006, Waco-Mclennan 
County Public Health District. 

5. Tammelin, T., A review of longitudinal studies on youth predictors of adulthood 
physical activity. Int J Adolesc Med Health, 2005. 17(1): p. 3-12. 

6. Tamborlane, W.V., Diabetes in overweight pediatric patients. Clin Cornerstone, 
2005. 7 Suppl 3: p. S25-9. 

7. Heavin, G., Permanent Results Without Permanent Dieting: The Curves for 
Women Weight Loss Method. 1999, Waco, TX: Curves International Inc. 

8. Kreider R., R.C., Kerksick C, Campbell B, Baer J, et al, Effects of the Curves® 
Fitness & Weight Loss Program on Weight Loss and Resting Energy Expenditure. 
Medicine & Science in Sport & Exercise, 2004. 36(5): p. S81. 

9. Patrick, K., et al., Randomized controlled trial of a primary care and home-based 
intervention for physical activity and nutrition behaviors: PACE+ for 
adolescents. Arch Pediatr Adolesc Med, 2006. 160(2): p. 128-36. 

10. Wisotsky, W. and C. Swencionis, Cognitive-behavioral approaches in the 
management of obesity. Adolesc Med, 2003. 14(1): p. 37-48. 

11. Bassett, D.R., Jr., Validity and reliability issues in objective monitoring of 
physical activity. Res Q Exerc Sport, 2000. 71(2 Suppl): p. S30-6. 

12. NIH, Bioelectrical impedance analysis in body composition measurement. 
Nutrition, 1996. 12: p. 749-62. 

13. Wells, J.C., et al., Four-component model of body composition in children: 
density and hydration of fat-free mass and comparison with simpler models. 
American Journal of Clinical Nutrition, 1999. 69(5): p. 904-12. 

14. ACSM, Guidelines for Exercise Testing and Prescription. 6th ed. 2000, 
Baltimore, MD: Lippincott, Williams & Wilkins. 

15. Varni, J.W., T.M. Burwinkle, and M. Seid, The PedsQL 4.0 as a school 
population health measure: feasibility, reliability, and validity. Qual Life Res, 
2006. 15(2): p. 203-15. 

16. Schwimmer, J.B., T.M. Burwinkle, and J.W. Varni, Health-related quality of life 
of severely obese children and adolescents. Jama, 2003. 289(14): p. 1813-9. 

17. Eiser, C. and R. Morse, The measurement of quality of life in children: past and 
future perspectives. J Dev Behav Pediatr, 2001. 22(4): p. 248-56. 



162 

18. Hagler, A.S., et al., Comparability and reliability of paper- and computer-based 
measures of psychosocial constructs for adolescent fruit and vegetable and 
dietary fat intake. J Am Diet Assoc, 2005. 105(11): p. 1758-64. 

19. Norman, G.J., J.F. Sallis, and R. Gaskins, Comparability and reliability of paper- 
and computer-based measures of psychosocial constructs for adolescent physical 
activity and sedentary behaviors. Res Q Exerc Sport, 2005. 76(3): p. 315-23. 

20. Perks, S.M., et al., Alterations in growth and body composition during puberty. 
IV. Energy intake estimated by the youth-adolescent food-frequency 
questionnaire: validation by the doubly labeled water method. American  Journal 
of Clinical Nutrition, 2000. 72(6): p. 1455-60. 

21. Ryan, Y.M., M.J. Gibney, and M.A. Flynn, The pursuit of thinness: a study of 
Dublin schoolgirls aged 15 y. Int J Obes Relat Metab Disord, 1998. 22(5): p. 485-
7. 

 
 



163 

 

Table 1.  Overview of Research Design and Testing Schedule 
 

Familiariza
tion 

 

Baseline (Week 0) 
(T1) 

Post-test (Week 10) 
(T2) 

Follow-up  (3 
months later) 

(T3) 
 
Meet with 
classes 
 
Explain Study 
 
Hand Out 
Study 
Information 
Packet 
 

 
Food records 
Questionnaires    
    Pediatric Quality of 
Life            
    PACE surveys: 
        Physical Activity 
        Sedentary Behavior 
        Fruit & Vegetable 
consumption 
Height 
Body Weight 
Resting Energy 
Expenditure 
Body Composition 
(DEXA) 
Body Water (BIA) 
Resting Heart Rate  
Resting Blood Pressure 
Blood Markers 
Waist To Hip Ratio 
Hand Grip Strength 
Push-Up Endurance 
Curl-Up Endurance 
Trunk Flexibility 
Aerobic Capacity (1-mile  
walk/run) 
Heart Rate assessment 
during workout using 
Polar monitors 
 
Subjects matched 
according to weight and 
age for random 
assignment to the control 
or experimental group 

 
Use of pedometers and 
school curriculum begins.
 

 
Food records 
Questionnaires    
    Pediatric Quality of Life            
        PACE surveys: 
        Physical Activity 
        Sedentary Behavior 
        Fruit & Vegetable consumption 
Height 
Body Weight 
Resting Energy Expenditure 
Body Composition (DEXA) 
Body Water (BIA) 
Resting Heart Rate  
Resting Blood Pressure 
Blood Markers 
Waist To Hip Ratio 
Hand Grip Strength 
Push-Up Endurance 
Curl-Up Endurance 
Trunk Flexibility  
Aerobic Capacity (1-milee 
walk/run) 
Heart Rate assessment during 
workout using Polar monitors 
Pedometers  
 

 
Food records 
Questionnaires    
    Pediatric Quality 
of Life  
    PACE surveys: 
        Physical 
Activity 
        Sedentary 
Behavior 
        Fruit & 
Vegetable 
consumption  
Height 
Body Weight 
Waist To Hip Ratio 
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Table 2.  Dietary Intervention Protocol 
 

Diet Group Macronutrient grams/day Kcals/da
y 

Percentage of Daily 
Diet (%) 

 

 
No Diet + PE only  (n=25) 
 
LCD III + Exercise  (n=25) 
 

Protein 
Carbohydrate 
Fat 

  
15 
55 
30 

 
1,000 

kcals/day 
 
 

 
LCD III + Exercise   
 (1,000 kcals/day) 
 

 
Protein 
Carbohydrate 
Fat 
 

37.5 
137.5 
33 

150 
550 
300 

15 
55 
30 

 
1,200 

kcals/day 
 

 
LCD III + Exercise   
 (1,200 kcals/day) 
 

 
Protein 
Carbohydrate 
Fat 
 

45 
165 
40 

180 
660 
360 

15 
55 
30 

1,400 
kcals/day 

 
LCD III + Exercise   
(1,400 kcals/day) 
 

 
Protein 
Carbohydrate 
Fat 

60 
220 
40 

 
210 
770 
420 
 

 
15 
55 
30 
 

1600 
kcals/day 

 
LCD III + Exercise  
(1,600 kcals/day) 
 

 
Protein 
Carbohydrat
e 
Fat 

60 
220 
53 

240 
880 
480 

 
15 
55 
30 
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Table 3.  Physical Activity and Behavioral Intervention Protocol 
 

Weekday Group Activity 

Monday-Friday 

 
No Diet + PE only  (n=25) 

 
 

PE class 

 
Monday 

 
 

 
Diet + Exercise (n=25) 

 
 

 
Curves Fitness 

Program 
 

 
Tuesday 

 

 
Diet + Exercise (n=25) 

 
 

 
Curves Fitness 

Program 
 

Wednesday 
 

Diet + Exercise (n=25)  
 

 
Aerobic Exercise 

Thursday 

 
Diet + Exercise (n=25) 

 

 
Curves Fitness 

Program 
 

 
Friday 

 

Diet + Exercise (n=25) 
 

 
Weekly weigh-in, 

Nutrition and  
physical activity 

education and 
journaling 
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Part 5: Informed Consent Form Checklist 

When using humans as subjects in research you must obtain their informed consent.  
Check each of the following items as they appear on your Informed Consent Form and 
include this checklist with your protocol:   

X  (a)  A statement explaining the purpose of the research.  

X (b)  A statement of the expected duration of the subject's participation.  

X (c)  A description of the procedures to be followed.  

X d)  A description of any reasonable foreseeable risks or discomforts to the  
  subject, including invasion of privacy.  

X (e)  A description of any benefits resulting from the research, either to the  
  subject or to others.  

__ (f)  A statement that informs subject of his/her right not to be a subject in a  
  research project that is also a teaching exercise.  

X  (g)  A statement informing subject about how his/her anonymity will be  
 guarded; i.e., that their confidentiality will be protected by assigned code  
 numbers, by limitations of who has access to data, by data storage in  
 locked cabinets,  by  locked computer files, etc.  

X (h)  A statement that the subject's participation is voluntary, and that his/her 
 refusal to participate will involve no penalty or loss of benefits to which 
 the subject is otherwise entitled, and that the subject may discontinue 
 participation at any time without penalty or loss of benefits to which the 
 subject is otherwise entitled.  

__        (i)  A disclaimer, if applicable, regarding the use of the Internet to collect 
data.  

__ (j)  For research involving more than minimal risk, an explanation regarding 
 the availability of any compensation or any medical treatments if injury 
 occurs (if applicable, see OHRP Reports).  

X (k)  If written informed consent is required, a place for the subject to sign and 
 date the form and a statement that a copy of  the signed consent form will 
 be given to the subject for his/her records.  

X  (l)  If the subject is a minor, a statement of parental responsibility in   
  consenting to the child's participation in the study with a place for the  
  parent to sign and date the form in addition to the participant's signature.  
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X (m) Include a short summary of your expertise related to this research 
 proposal.  

X  (n)  The name, address, and telephone number of the principal investigator of 
 the research project, and his/her affiliation with Baylor University.  If the 
 principal investigator is a graduate student, the name and telephone 
 number of the faculty advisor is also required.  

X  (o)   A statement informing subject that inquiries regarding his/her rights as a 
 subject, or any other aspect of the research as it relates to his/her 
 participation as a subject, can be directed to Baylor's University 
 Committee for Protection of Human Subjects in Research. Dr. Matt 
 Stanford, Professor of Psychology and Neurosciences, BSB A320, P.O. 
 Box 97334, Waco, TX 76798-7334, phone number 254-710-2236.  
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BAYLOR UNIVERSITY  
Department of Health, Human Performance, & Recreation 

 
Minor Informed Consent Form 

 
Title of Investigation:    Effects of a Multicomponent School-Based Intervention on 

Health Markers and Psychological Measures in Overweight 
Adolescent Females 

 
Principal Investigator:  Richard B. Kreider, PhD, EPC, MX, ES, FACSM, FASEP 

Chair, Department of HHPR, Baylor University 

Coinvestigators:   Chris Rasmussen, MS, MX, CSCS, EPC 
Coordinator, Exercise and Sport Nutrition Lab (ESNL), Baylor 
University 

Jacqueline Beckham Dove, MS, CISSN, CAHI 
Curves in Middle School Research Coordinator, ESNL, Baylor 
University 

Maria Pontes Ferreira, MS, RD 
Dietetics Coordinator, ESNL, Baylor University 

Ron Wilson, MD 
Department of HHPR, Baylor University 

Sponsor:  Curves International (Waco, TX)  

Purpose of Study:  

Research has shown that the Curves fitness and weight loss program promotes weight loss, 
improves health, and improves fitness in women.  The exercise methods developed can be used 
to improve fitness for overweight and at risk for overweight middle school aged girls. The purpose 
of this study is to develop and test a pilot a program that can be used in middle schools to 
enhance fitness and nutrition knowledge of 6th 7th and 8th grade girls.   

Description of the Study:  

I will be one of about fifty (50) middle school girls (6th – 8
th 

grade) that will participate in this 
program.  My teacher and research workers from Baylor University will tell me about the program 
and what I am supposed to do.  My parent or legal guardian will have to sign this permission form 
so that I can participate in this program.    

I will have measurements taken at my school and at the Exercise, Sports and Nutrition Lab 
(ESNL) at Baylor University. I understand that I will ride a bus to get to the lab.  Before I come to 
the lab for baseline testing, I will record all the food that I eat on a dietary record form for four (4) 
days, including one weekend day. I will also tell a research assistant what I have consumed in 
the past 24 hours.  I will also wear a pedometer for seven (7) days (including the weekend) to 
measure my activity level.  A pedometer counts how many steps I take every day.  I understand 
that a research assistant will show me how to use the pedometer 
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For the research tests at the ESNL, I understand that I can’t eat for twelve (12) hours or exercise 
for 48 hours (two days).  I will be asked to fill out some papers that will ask about my interest in 
physical activity, things that may impact on reasons why I do or do not exercise, and the types of 
foods I usually eat. My body weight and height will be measured.  Then, body composition 
(amount of muscle and fat weight I have) will be measured using a safe body composition 
analyzer that measures body water. I will have to lie down on my back on a table and have two 
small electrodes placed on my right hand and my right foot. I understand that a small electrical 
current will pass through my body.  I won’t be able to feel the current and it is safe. 

 
I understand that I may have to lie still for about fifteen minutes to measure how much energy my 
body uses when I’m resting.  I will lie down on an exam table with a light blanket placed over me 
to keep me warm.  I can also have ear plugs in my ears to reduce distractions. I understand that 
a see through plastic canopy (hood) will then be placed over my neck and head so that the air 
that I am breathing can be measured. I understand that I should stay motionless without going to 
sleep.   
 
Also, I understand that I have to have my blood taken with a needle (syringe) by a research 
assistant.  I understand that it may hurt a little but then the pain should go away.  I understand 
that it may cause bleeding and bruising and I will be given a band-aide.  I understand that it may 
make me feel a little dizzy or sick if I am not used to having my blood taken.  I understand that the 
research assistants have been trained on how to take blood and it will take about 5 minutes. 

I understand that I will also have an X-ray taken to measure my body composition (amount of 
muscle and fat weight I have).  I will have to lie still for 7 minutes.  I will be exposed to a small 
amount of radiation to find out the weight of my fat, muscle and bone. I understand that the x-ray 
dose that is similar to the amount of natural background radiation a person would receive in one 
month while living in Waco.  After this test, I will have resting blood pressure determined using a 
blood pressure cuff and stethoscope and heart rate determined by taking my pulse.  I will also 
have my waist and hip measurements recorded. 
 
At the school, general fitness tests (hand grip strength, push-up test, curl-up test, sit and reach 
flexibility test, a 1 mile walk/run test) will be measured by research assistants during my PE class.  

Once these tests are performed, I will have an opportunity to participate in the Curves fitness 
program 5 times per week throughout the school year either during physical education class. I 
understand that I may also be asked to do these tests even if I don’t want to participate in the 
Curves program but will be involved in regular physical education class.  If I decide to do the 
Curves program, I will exercise for 30-seconds on 10 to 13 weight lifting machines followed by 
doing some exercises on a floor platform as instructed for 30-seconds.  I understand that I will 
move from one piece of equipment to another every 30-seconds and that I should do my best to 
keep up with the exercise program.  I will do this three (3) days a week.  I understand that I may 
be asked to wear a heart rate monitor during exercise sessions.  On the fourth day, I will do some 
aerobic activity.  On the fifth day of the week I will learn about how to eat properly and make a 
healthy diet (types of food, amount to eat, when to eat).  I will also have my weight measured and 
I will write in a journal.  I know that I should try my best to do this program so I might get the most 
benefit.   

I understand that I will do these tests again after 10 weeks so that my progress can be checked.  
I will also have some tests performed after 3 months.  These include questionnaires, height, 
weight, waist and hip measurements, and activity assessment with pedometers.   

I understand that I may also be assigned a diet based on how much energy my body uses when I 
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am resting.  The diet will help me understand how to eat healthy. The diet will either have 1000, 
1200, 1400, or 1600 kcalories and I will follow the diet for 10 weeks.  I understand that I may feel 
hungry or full, have weight loss or gain, and/or changes in appetite and/or mood.  I will tell the 
research assistant if I am having problems with the diet.  I will do my best to follow the diet so that 
I can get the most benefit.   

Exclusionary Criteria 
 
I understand that I will not be able to participate in this program if I am not able to participate in 
physical education classes and/or sports activities.  I understand that the only exception will be if 
my personal physician (doctor) sends a letter saying that they approve my participating in this 
exercise program.  I agree to tell the physical education teacher, school research supervisor, or 
school nurse if I have changes in medical status, or nutritional and/or pharmacological agents 
(drugs) that I take during the study.  I understand that if I have any unexpected problems or 
adverse (bad) events from participating in this study that I will be referred to discuss the problem 
with the school nurse. I may be referred to discuss the matter with my personal physician, if I 
choose.  

 
 
Risks and Benefits   
 
I understand that if I have any physical problems during this study I should let my teacher, school 
nurse, and/or parent know.  I understand that I will be on a diet and may feel hungry or full, have 
weight loss or gain, and/or changes in appetite and/or mood.  I understand that I will be exposed 
to a low level of radiation during the DEXA body composition tests, which is similar to the amount 
of natural background radiation a person would receive in one month while living in Waco. In 
addition, a very low level of electrical current will be passed through my body using a bioelectrical 
impedance analyzer (BIA).  The use of the BIA has been shown to be a safe method of 
assessing body composition and total body water and is approved by the FDA. I also understand 
that I will have about 4 teaspoons (20 milliliters) of blood drawn from a vein in my forearm using a 
sterile needle and blood tubes by an experienced phlebotomist two (2) times during this study. I 
understand that this may cause a small amount of pain when the needle is inserted into my vein 
as well as some bleeding and bruising. I may also get dizzy, feel sick, and/or pass out if I’m not 
used to having blood drawn. I understand that the research assistants have been trained on how 
to take blood. 
 
I understand that the main benefits that I can get from being part of this study is that my fitness 
level may improve and I may learn about how to exercise and eat properly.  And, even if I don’t 
receive individual benefit, I understand that I will help to develop a program that can be used in 
middle schools throughout the country to improve fitness and health. I understand that since I will 
be exercising, I may get sore muscles and tired but that that this will be similar to how I feel after 
doing other activities involving physical exercise.  I understand that if the researchers learn 
anything about me that may affect my safety in participating in this study that my parents and I 
will be told.   
 
I understand that the researchers conducting this study have extensive experience conducting 
studies investigating the effects of exercise and dietary interventions on health and performance.   
 
Alternative Treatments 
 
This is not a medical treatment. Therefore, if medical treatment is needed, I must continue to get 
treatment for any medical problem from my personal doctor.  
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Costs and Payments 

 
I understand that if I need to go to the doctor, I should see my own doctor and that no funds have 
been budgeted to pay my parents or me for these costs. I understand that I may be given t-shirts 
and other gifts to encourage me to participate in this study. 
 
New Information 
 
I will be told if new information is discovered obtained during the study that may affect my 
willingness to continue participating in this study.  And, my parents will be told of any 
unusual/abnormal clinical findings and I need to go to the doctor.    

Confidentiality 
 
I understand that researchers will not tell other people about the results of my tests by name 
unless my parents and I give them permission but that they may be able to report on group 
results without my permission.  I understand that data and pictures may be used in reports, 
presentations, and publications. However, I will not be individually identified unless my consent is 
granted in writing. Also, my file will be given a code number and only research assistants will see 
the data  

Right to Withdrawal 
 
I understand that I don’t have to participate in this study if I don’t want to and I can stop at any 
time. And, I understand that if I withdraw from the study it will not affect my care at the school.  

Compensation for Illness or Injury 

I understand that if I am hurt as a direct result of taking part in this study, I should consult with my 
doctor to get treatment. I understand that the cost associated with the care and treatment of the 
injury will be the responsibility of me or my insurance carrier. In some cases, insurers may not 
reimburse claims submitted for a research-related injury resulting from medical procedures or 
treatments performed as part of a research study. I understand that Baylor University, the 
investigator’s institutions, and the grant sponsor have not budgeted funds to compensate me or 
my parents for injury or illness that may result from my participation in this study and is not 
accountable for illness or injury that may occur during this study. However, I may be referred to 
my personal doctor if any clinically significant (important) medical/psychological findings are 
observed during the study.  

MY PARENTS AND I AGREE TO INDEMNIFY AND HOLD HARMLESS BAYLOR 
UNIVERSITY, ITS OFFICERS, DIRECTORS, FACULTY, EMPLOYEES, AND STUDENTS FOR 
ANY AND ALL CLAIMS FOR ANY INJURY, DAMAGE OR LOSS I SUFFER AS A RESULT OF 
MY PARTICIPATION IN THIS STUDY REGARDLESS OF THE CAUSE OF MY INJURY, 
DAMAGE OR LOSS.  

Statement on Conflict of Interest 

I understand that funding for this study will be obtained from Curves International (Waco, TX) 
through a grant awarded to Baylor University. I understand that researchers involved in collecting 
data in this study have no financial or personal interest in the outcome of results or sponsors.  
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Voluntary Consent  

My parent/guardian and I have read this consent form or it has been read to me.  We understand 
what it says and any questions that I have pertaining to the research have been answered by my 
teacher or one of the researchers from Baylor University (254/710-7199 or 254/710-7277).   
 
I also understand that I have the right to have any questions about the research which arise in 
the future answered by Dr. Kreider (Richard Kreider, PhD; Professor & Chair, Department of 
Health, Human Performance & Recreation, 106 Marrs McLean Gymnasium, Baylor University, 
phone: 254/710-4003)  or a research associate before starting the study.  My parent/guardian’s 
and my signature below means that I freely agree to participate in this study.  I understand that 
my parent/guardian and I will be given a copy of this consent form for my records. If I have any 
questions regarding my rights as a research subject in this study, I may contact Baylor's 
University Committee for Protection of Human Subjects in Research. The chairman is Dr. Matt 
Stanford, Professor of Psychology and Neurosciences, BSB A320, P.O. Box 97334, Waco, TX 
76798-7334, phone number 254-710-2236.  
 
Date________Minor/Child’s Name (Print) & Signature ______________________________ 

Date ________  Parent/Guardian Signature _______________________________________  

I certify that I have explained to the nature and purpose of the study, potential benefits, and 
possible risks associated with participation in this study to the child listed above. I have also 
provided an opportunity for the child and his/her parent/guardian to answer any questions they 
may have about the study.    

Date________ Investigator's Signature __________________________________________ 
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BAYLOR UNIVERSITY 
Department of Health, Human Performance, & Recreation 

 
Parent/Guardian Informed Consent Form 

 
Title of Investigation:   Effects of a Multicomponent School-Based Intervention on 

Health Markers    and Psychological Measures in Overweight 
Adolescent Females 

 
Principal Investigator:    Richard B. Kreider, PhD, FACSM, MX 

 Chair, Department of HHPR, Baylor University  

Coinvestigators:   Chris Rasmussen, MS, MX, CSCS, EPC 
Coordinator, Exercise and Sport Nutrition Lab (ESNL), Baylor 
University  

Jacqueline Beckham Dove, MS, CISSN, CAHI 
Curves in Middle School Research Coordinator, ESNL, Baylor 
University  

Maria Pontes Ferreira, MS, RD 
Dietetics Coordinator, ESNL, Baylor University  

Ron Wilson, MD 
Department of HHPR, Baylor University  

Sponsor:  Curves International (Waco, TX)  

Purpose of Study:  

Research has shown that the Curves fitness and weight loss program promotes weight loss, 
improves health, and improves fitness in women.  The exercise methods and principles 
developed can be used to improve fitness for overweight and at risk for overweight middle school 
aged girls. The purpose of this study is to develop and test a pilot a program that can be used in 
middle schools to enhance fitness and nutrition knowledge of 6th 7th and 8th grade girls.   

Description of the Study:  

My daughter will be one of about fifty (50) 6th 7th and 8th grade girls from Cesar Chavez Middle 
School that will participate in this program.  The student’s physical education teacher and 
research workers from Baylor University will explain the program to my child. I understand that 
my child and I must sign this permission / consent form in order to participate in this program.    

Once the child and parent/guardian have signed the consent form, my child will be asked to 
record all food intake for four days and the past 24 hours.  She will also fill out a number of forms 
to access quality of life, interest in physical activity, things that may impact on reasons why she 
does or does not exercise, and the types of foods usually eaten.  My child will then undergo a 
series of physical fitness tests including: obtaining body weight and height; determining body 
composition (amount of muscle and fat weight) using a battery operated and FDA approved 
bioelectrical impedance analyzer; measurement of waist and hip circumferences; and 
assessment of fitness levels (hand grip strength, push-up test, curl-up test, sit and reach flexibility 
test, and a 1-mile walk test).  These tests will help determine pre-participation attitudes toward 
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exercise, body image, quality of life, and general fitness levels. 

My child will do testing both at school and at the Exercise, Sports, and Nutrition Laboratory of 
Baylor University.  My child will be transported approximately 3 miles on a school bus for testing.  
Before reporting to the lab for baseline testing, my child will record all food eaten on food record 
forms for four days (including one weekend day) and will not exercise for 48 hours nor eat for 12 
hours prior to reporting to the lab for baseline testing. My child will also wear a pedometer for 
seven (7) days (including the weekend) to measure activity level.  A pedometer counts how many 
steps are taken every day.  I understand that a research assistant will show my child how to use 
the pedometer.  My child will complete several psychological inventories to assess quality of life, 
and a radiation safety questionnaire.  
 
My child will have their height and weight measured and have resting energy expenditure 
determined (how much energy their body uses at rest). This will involve lying down on an exam 
table and having a light blanket placed over my child to keep her warm and placing earplugs in 
her ears to reduce distractions. I understand that a see- through plastic canopy will then be 
placed over her neck and head so that the air can be measured for oxygen and carbon dioxide. I 
understand that my child should stay motionless without going to sleep for 15-minutes so that 
their resting energy expenditure can be calculated. 
 
Then, total body water will be determined using a bioelectrical impedance analyzer (BIA). The 
BIA analysis will involve her lying down on her back on a table with two small electrodes placed 
on the right hand and right foot. The analyzer wires will be attached and a small and safe current 
(500 micro-amps at a frequency of 5- kHz) will pass through their body so that the amount of 
water can be measured. My child will not be able to feel the current.  This analyzer is 
commercially available and has been used in the health care/fitness industry as a means to 
assess body composition and body water for over 20 years. The use of this device has been 
approved by the Food and Drug Administration (FDA) to assess total body water and the current 
to be used has been deemed safe. 
 
My child’s body composition and bone density will then be determined by using a Hologic 
Discovery W dual energy x-ray absorptiometer (DEXA). This will involve lying down on her back 
on the DEXA exam table in a pair of shorts or a gown for about 6 minutes. I understand that a low 
dose of radiation will scan her entire body to determine the amount of fat weight, muscle weight, 
and bone weight. I understand that she will be exposed to an x-ray dose that is similar to the 
amount of natural background radiation a person would receive in one month while living in 
Waco. After this test, resting blood pressure will be determined using a blood pressure cuff and 
stethoscope.  Heart rate will be determined by taking their pulse.  In addition, my child’s hip and 
waist measurements will be recorded. 
 
I understand that my child will then donate about 20 milliliters (4 teaspoons) of venous blood from 
a vein in the arm. Blood samples will be obtained using standard/sterile procedures using a 
needle inserted into a vein in their arm. I understand that personnel who will be taking my blood 
are experienced in phlebotomy (procedures to take blood samples) and are qualified to do so 
under guidelines established by the Texas Department of Health and Human Services. This will 
take about 5-minutes. 
 
Once these tests are performed, subjects will have the opportunity to participate in the Curves 
fitness program three times per week throughout the school year during their physical education 
classes.  This will involve my child performing 30-seconds of exercise on 10 to 13 hydraulic 
(piston) weight lifting machines followed by doing some callisthenic exercises on a floor platform 
as instructed for 30seconds.  Exercise is performed to music with participants rotating around the 
exercises 2 or 3 times for a total of 30 minutes.  I understand that my child may be asked to wear 
a Polar heart rate monitor during exercise sessions that will involve placing a strap around their 
chest and wearing a wrist watch.  My child will also learn about how to eat properly and structure 
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a healthy diet (types of food, amount to eat, when to eat). This information will also be sent home 
for me to read so I can support proper nutrition choices. My child will also have their weight 
measured and they will write in a journal once every week.   I will encourage my child to do their 
best to adhere to this program so they may obtain the greatest benefit. I also understand that if 
my child decides not to participate in the Curves exercise program, she may be asked to undergo 
the testing described above so that those involved in the Curves program can be compared to 
those involved in regular physical education. I understand that these tests will be done again after 
10 weeks so that my child’s progress can be checked.  In addition, some tests performed after 3 
months to follow-up on my child’s progress.  The tests will take place at my child’s school and 
include questionnaires, height, weight, waist and hip measurements, and activity assessment 
with pedometers.   

I understand my child may also be assigned a diet based on how much energy my body they use 
resting.  The diet will help my child understand how to eat healthy. The diet will either have 1000, 
1200, 1400, or 1600 kcalories and my child will follow the diet for 10 weeks.  I will do my best to 
help my child follow the diet so that she can get the most benefit. 

Exclusionary Criteria  

I understand that my child will not be able to participate in this program if she is not fully cleared 
by the school to participate in physical education classes and/or sports activities.  I understand 
that the only exception will be if my child’s personal physician sends a letter indicating that they 
approve participating in this exercise program.  I agree to report all changes in medical status, 
nutritional and/or pharmacological agents (drugs) that my child takes during the course of the 
study to their physical education teacher, school research supervisor, or school nurse. I 
understand that if my child experiences any unexpected problems or adverse events from 
participating in this study that they will be referred to discuss the problem with the school nurse. 
Upon her discretion, my child may be referred to discuss the matter with her personal physician.  

Risks and Benefits  

I understand that numerous studies have evaluated the effects of exercise on physical fitness 
and that there are many health benefits obtained from proper exercise.  I understand that my 
child may be placed on a dietary program of either 1000, 1200, 1400, or 1600, kcalories per day.  
As a result, my child may experience weight loss or gain, feelings of hunger or fullness, and/or 
changes in appetite and/or mood.  I understand that my child will be exposed to a low level of 
radiation during the DEXA body composition tests, which is similar to the amount of natural 
background radiation a person would receive in one month while living in Waco. In addition, a 
very low level of electrical current will be passed through my child’s body using a bioelectrical 
impedance analyzer.  This analyzer is commercially available and has been used in the health 
care/fitness industry as a means to assess body composition and body water for over 20 years. 
The use of the BIA has been shown to be a safe method of assessing body composition and total 
body water and is approved by the FDA. I also understand that my child will have about 4 
teaspoons (20 milliliters) of blood drawn from a vein in her forearm using a sterile needle and 
blood tubes by an experienced phlebotomist two (2) times during this study. This procedure may 
cause a small amount of pain when the needle is inserted into my child’s vein as well as some 
bleeding and bruising. My child may also experience some dizziness, nausea, and/or faint if she 
is unaccustomed to having blood drawn.  
 
I understand that the exercise tests that will be performed may cause my child to feel symptoms 
of fatigue, shortness of breath, and/or muscular fatigue/discomfort. The exercise tests may also 
cause short-term muscle soreness and moderate fatigue for several days following the tests. I 
understand that my child may also experience muscle strains/pulls during the exercise testing 
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and/or training program.  I understand that research personnel that will conduct tests on my child 
are trained in CPR and emergency procedures in the unlikely event that an emergency may 
arise. I understand that the researchers conducting this study have extensive experience 
conducting studies investigating the effects of exercise and dietary interventions on health and 
performance.  I understand that the main benefit that my child may obtain from this study is that 
they may learn more about how to exercise and eat properly and that they experience 
improvements in fitness and body composition.  However, even if my child doesn’t receive 
individual benefit, I understand that allowing him/her to participate in this study will help to 
develop a program that can be used in middle schools throughout the country to improve fitness 
and health.    

Alternative Treatments  

This is not a medical treatment. Therefore, if medical treatment is needed, my child must continue 
to obtain treatment for any medical problem they might have from their personal physician.  

Costs and Payments  

Eligible subjects will receive various incentives (e.g., T-shirts, etc) for participating in the study, 
completing all familiarization and experimental testing sessions, and turning in all required 
materials (i.e., food logs). I also understand that my child will be given free assessments during 
the course of the study as described above and that my child and I may receive information 
regarding results of these tests if I desire.  

New Information  

Any new information obtained during the course of this research that may affect my child’s 
willingness to continue participation in this study will be provided to me. In addition, I will be 
informed of any unusual/abnormal clinical findings in which medical referral to my child’s personal 
physician may be warranted. If I desire, I may request that this information be provided to my 
child’s physician.  

Confidentiality  

I understand that any information obtained about my child in this research, including 
questionnaires, medical history, laboratory findings, or physical examination will be kept 
confidential to the extent permitted by law. However, I understand in order to ensure that FDA 
regulations are being followed, it may be necessary for a representative of the FDA to review the 
records from this study which may include questionnaires, medical history, laboratory 
findings/reports, statistical data, and/or notes taken about my child’s participation in this study. In 
addition, I understand that my child’s records of this research may be subpoenaed by court order 
or may be inspected by federal regulatory authorities. I understand that data and pictures derived 
may be used in reports, presentations, and publications. However, my child will not be 
individually identified unless my consent is granted in writing. Additionally, that confidentiality will 
be maintained by assigning code numbers to my child’s files, limiting access to data to research 
assistants, locking cabinets that store data, and providing passwords to limit access to computer 
files to authorized personnel only.   

Right to Withdrawal  

I understand that my child is not required to participate in this study and she is free to refuse to 
participate or to withdraw from the study at any time. Further, that my child’s decision to withdraw 
from the study will not affect her care at the school or cause a loss of benefits to which she might 
be otherwise entitled. If there is concern about my child’s medical safety, she may be referred to 
seek medical attention.  
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Compensation for Illness or Injury  

I understand that if my child is injured as a direct result of taking part in this study, I should 
consult her personal physician to obtain treatment. I understand that the cost associated with the 
care and treatment of such injury will be the responsibility of me or my insurance carrier. In some 
cases, insurers may not reimburse claims submitted for a research-related injury resulting from 
medical procedures or treatments performed as part of a research study. I understand that Baylor 
University, the investigator’s institutions, and the grant sponsor have not budgeted funds to 
compensate my child or me for injury or illness that may result from my child’s participation in this 
study and thus will not be accountable for illness or injury acquired during the course of this 
study. However, my child may be referred to my personal physician if any clinically significant 
medical/psychological findings are observed during the course of this study.  

MY CHILD AND I AGREE TO INDEMNIFY AND HOLD HARMLESS BAYLOR UNIVERSITY, 
ITS OFFICERS, DIRECTORS, FACULTY, EMPLOYEES, AND STUDENTS FOR ANY AND 
ALL CLAIMS FOR ANY INJURY, DAMAGE OR LOSS I SUFFER AS A RESULT OF MY 
PARTICIPATION IN THIS STUDY REGARDLESS OF THE CAUSE OF MY INJURY, DAMAGE 
OR LOSS.  

Statement on Conflict of Interest  

I understand that funding for this study will be obtained from Curves International (Waco, TX) 
through a grant awarded to Baylor University. I understand that researchers involved in collecting 
data in this study have no financial or personal interest in the outcome of results or sponsors.  

Voluntary Consent  

I certify that I have read this consent form on behalf of my child and I understand the contents 
and that any questions that I have pertaining to the research have been answered by my child’s 
teacher or one of the researchers from Baylor University (254/710-7199 or 254/710-7277).  My 
signature below means that I am the legal parent or guardian of the child stated below and that I 
freely agree to allow my child to participate in this investigation. I understand that I will be given a 
copy of this consent form for my records. 

 I understand that if I have any questions regarding my child’s rights as a research subject in this 
study, I may contact Baylor's University Committee for Protection of Human Subjects in 
Research. The chairman is Dr. Matt Stanford, Professor of Psychology and Neurosciences, BSB 
A320, P.O. Box 97334, Waco, TX 76798-7334, phone number 254-710-2236.  

Date ________  Parent/Guardian Signature __________________________________________ 

Date ________  Minor’s Name (Print) and Signature ___________________________________ 

I certify that I have explained to the nature and purpose of the study, potential benefits, and 
possible risks associated with participation in this study to the child listed above. I have also 
provided an opportunity for the child and his/her parent/guardian to answer any questions they 
may have about the study.    

Date ________  Investigator's 
Signature________________________________________ 
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Baylor University 
Exercise & Sport Nutrition Laboratory 

 
Radiation Exposure Questionnaire for Females of Child Bearing Age 

 
Radiation exposure may affect fetal (baby) development.  Although the DEXA test will only 
expose you to a small amount of radiation (1.5mR per scan), you should be aware that there is a 
possibility that if you become pregnant during the course of the study that the x-ray exposure may 
be harmful to the fetus (baby).  
Therefore, it is important to conduct x-ray tests within 10-14 days of the start of a female’s 
menstrual cycle if the she is of child bearing age, sexually active, and/or is not taking birth 
control pills.  The following questionnaire must be completed so that we know when it is an 
appropriate time to conduct the DEXA body composition tests.  Please understand that this 
information will be kept confidential within the limits permitted by law. 
 
Current Age?          _______ 
Age of first period?         _______ 
Date of last period?         _______ 
Normal length of menstrual cycle?      _______ 
Have you been sexually active within the last month?     _______ 
Do you use birth control pills?       _______ 
Are you pregnant or is there a risk that you may be pregnant?   _______ 
 
Note:  If you happen to get pregnant during the course of this study, you must notify research 
assistants so that appropriate precautions can be made.     
 
I confirm that I have completed this questionnaire honestly and agree to notify researchers within 
the ESNL of any change in the length of my menstrual cycle and/or pregnancy status. 
 
 
 
___________________________________________  _________________________ 
Name       Date  
 
 
 
 
___________________________________________  _________________________ 
Staff Signature      Date 
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COGNITIVE EXPECTANCIES 
 
 

 

 
How effective do you expect the nutrition and exercise program will help 

you receive a healthy weight? 
     
 
     
 
             
 
 

Not at all effective              Completely effective 
 
 

 
Participant ID #:   ____________      Pre-Session -                

 
 
Date Completed (MM/DD/YEAR):  _________   Data Collected By: _____________ 
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COGNITIVE EXPECTANCIES 
 
 

 

 
How effective do you feel the nutrition and exercise program was in helping 

you achieve a healthy weight? 
     
 
     
 
             
 
 

Not at all effective      Completely effective 
 
 

 
 
 

 
Participant ID #:   ____________      Post-Session -                

 
 
Date Completed (MM/DD/YEAR):  _____________  Data Collected By: _____________ 
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