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ABSTRACT 

THESIS: Maternal and Infant Factors Associated with Body Mass Index among 

Children in a Pediatric Over Weight Education Program 

 

STUDENT: Amanda Garant 

DEGREE: Master of Science 

COLLEGE: Applied Sciences and Technology 

DATE:  May 2012 

PAGES: 97 

The purpose of this study was to examine maternal and infant factors associated 

with body mass index (e.g., maternal weight gain, infant birth weight, infant feeding 

methods, and motor coordination) among obese pre-adolescents and adolescents aged 8-

18 years enrolled in the Pediatric OverWeight Education and Research (POWER) 

program operated by Riley Hospital for Children in Indianapolis, IN, between October 

2008 and September 2011.  POWER, a three-phase, 12-month multi-disciplinary program 

to reduce childhood obesity funded by Indiana University Health, enrolls obese children 

(Body Mass Index [BMI] greater than the 95
th

 percentile for age and gender) through 

referrals from pediatricians throughout Indiana. Prior to the child’s initial visit, each 

family completes a comprehensive background and family history profile, approved by 

the Indiana University-Purdue University (IUPUI) Institutional Review Board, that 

includes questions related to the obese child’s motor skill development, infant feeding 

methods, maternal prenatal weight gain, and infant birth weight.  Data related to these 

four categories collected during Phase 1 (12 weeks) was examined using date from 253 

pre-adolescents (8-12 years of age), and 285 adolescents (13-18 years of age), to 
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determine their impact on the subjects’ BMI. No relationship between a mother’s prenatal 

weight gain and the child’s BMI was seen. There was a significant correlation between 

infant birth weight and BMI in the pre-adolescent group.  Breastfed subjects entered the 

POWER program at a lower BMI than non-breast fed subjects and had consistently lower 

BMIs throughout the program compared to the non-breastfed subjects. Differences in 

physical activity were observed between adolescents and pre-adolescents. Paired analysis 

indicated the POWER program was associated with a significant reduction in BMI 

overall, and among both age groups throughout Phase 1 of the program. Adolescents 

were especially successful in reducing their BMI compared to preadolescents. Further 

research is needed to identify the association of maternal and infant factors and BMI 

among obese children. 
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CHAPTER ONE 

 

 

 

INTRODUCTION 

 

 

 

According to data from the National Health and Nutrition Examination Survey 

(NHANES), the rate of childhood obesity tripled from 1980 to 2009, with an estimated 

17 percent of children between the ages of 2-19 years currently classified as obese 

(Ogden, Carroll, Curtin, Lamb & Flegal, 2010).  Approximately two-thirds of adults 

(Flegal, Carroll, Ogden & Curtin, 2010), one fourth of high school students, and nearly 

one third of children ages 10-17 in the United States (Ogden & Carroll, 2010) are 

overweight or obese. Identifying and ameliorating factors associated with obesity at the 

earliest possible stage of development (e.g., during infancy) (Hughes & Reilly, 2008), 

and screening for obesity at an early age (Sather, Cupp, Brubaker, LaMothe, Marshall, & 

Gupta, 2011; Nader et al., 2006), have been recommended to reduce the incidence of 

childhood obesity. 

Many factors are known to contribute to childhood obesity, including increased 

screen time; decreased physical activity; increased consumption of low-nutrient, high 

caloric foods; and a decreased intake of fruits and vegetables (Spruijt-Metz, 2011).  

Adopting and maintaining unhealthy behaviors, especially when engagement in these 

behaviors begin at an early age, can result in childhood obesity and its concomitant 
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health-related consequences including hyperlipidemia, hypertension, type II diabetes, 

sleep apnea, and shortened life span (Whitaker, Wright, Pepe, Seidel, & Dietz, 2010; 

Hughes & Reilly, 2008).  

Several early life events have been shown to impact a child’s risk for obesity.  

Whitaker (2004) reported excessive maternal weight gain during the prenatal period is 

associated with childhood obesity.  Hoog, Eijsden, Strinks, Gemke, & Vrijkotte (2011) 

found a positive correlation between maternal pre-pregnancy BMI and weight gain 

during the first six months of life and with an increased BMI in children at two years of 

age.  Delayed motor development also has been associated with an increased risk of 

obesity (Frey & Chow, 2006). In contrast, Faith, Berkowitz, Stallings, Kerns, Storey, and 

Stunkard (2004) found that breastfeeding was correlated with a decreased risk of obesity 

later in life.   

While these early life events have been studied in relation to obesity in general, 

no study has been identified that examines the role of these factors in an already morbidly 

obese population and examines the relationship of these factors with the obese child’s 

BMI.  Understanding the impact of these early life events on the BMI of an obese 

pediatric population, and identifying if relationships exist between early life events and a 

reduction in BMI during a multi-faceted weight loss program, may provide insight into 

obesity prevention intervention methods for future generations. 

 

Problem Statement 

 The rate of obesity in children has tripled since 1980 (Ogden, Carroll, Curtin, 

Lamb & Flegal, 2010).  The causes of obesity are multifactorial, often involving the 
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adoption of unhealthy habits (e.g., reduced physical activity, excess calorie consumption) 

and exposure to other early life events over which a child has no control (e.g., motor 

development, infant feeding method, maternal weight gain, infant birth weight).  While 

the adoption of unhealthy habits can be changed by the individual later in life, the impact 

of the decisions made by the infant’s parents can have a very powerful impact on their 

child’s future weight. Identifying the impact of a parent’s early life decisions on their 

infant’s future body weight is crucial.  It is important to explore these different 

components of infancy and see if one has a greater impact on increasing or decreasing 

body mass index in children of adolescence and pre-adolescence. 

 

Purpose Statement 

 The purpose of this study was to examine maternal and infant factors associated 

with body mass index (e.g., maternal weight gain, infant birth weight, infant feeding 

methods, and motor coordination) among obese pre-adolescents and adolescents enrolled 

in the Pediatric OverWeight Education and Research (POWER) program at Riley 

Hospital for Children at Indiana University Health.  

 

Research Questions 

This research will address the following research questions. 

1. Is there a relationship between a mother’s prenatal weight gain and the child’s BMI in 

an obese pediatric population, overall and by age group (e.g., pre-adolescence vs. 

adolescent)? 

2. Is there a relationship between birth weight and BMI in an obese pediatric 

population? 
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a. Overall 

b. By age group (e.g., pre-adolescence vs. adolescent)  

c. By birth weight group (e.g., low birth weight (< 2500 grams or 5 pounds 8 

ounces), normal birth weight, high birth weight (>4,000 grams or 8 pounds, 

13 ounces) 

3. Is there a relationship between infant feeding methods (e.g., breastfed vs. non-

breastfed) and BMI in an obese pediatric population? 

4. Is there a relationship between the duration of breastfeeding and BMI in an obese 

pediatric population? 

5. Is there a relationship between parent’s perception of their child’s motor coordination 

and their physical activity level in an obese pediatric population? 

a. Gross motor coordination 

b. Fine motor coordination 

6. Was the POWER program successful in helping participants reduce their BMI? 

a. Overall 

b. By age group (e.g., pre-adolescence vs. adolescent)  

 

Rationale 

 Obesity in children has become an increased concern throughout the United 

States. A variety of programs have developed to help decrease this rise of obesity, 

including the Pediatric OverWeight Education and Research (POWER) program at Riley 

Hospital for Children in Indianapolis, Indiana. First Lady, Michelle Obama, has placed 

focus on the concern by starting a nationwide program called Lets Move 
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(www.letsmove.gov). Many studies have focused on causes of childhood obesity, but no 

studies have looked at an already obese population and comparison to early life events 

and impact on body mass index (BMI). By looking at an already obese population, 

exploration of impact on BMI can be determined. Identification of these early life events 

and impact on obese adolescence later in life will allow parents the knowledge to help 

reduce childhood obesity in upcoming generations.  

 

Assumptions 

 The researcher makes the following assumptions in the implementation of the 

study and in the interpretation of the data. 

1. The POWER participants are representative of all obese pre-adolescents and 

adolescents; 

2. The answers provided by the obese child’s parents at the initial visit to the POWER 

program were truthful; 

3. The answers provided by the obese child’s parents accurately represent the early life 

events in the participant’s first year of life; 

4. POWER staff accurately placed the information into the database; and  

5. The participants height and weight measurements were accurately collected and 

recorded at each visit with the POWER Program.  

 

Definitions 

 For the purpose of this study, the following definitions will be used.  

1. POWER: Pediatric OverWeight Education and Research program at Riley Hospital 

for Children in Indianapolis, IN. A multi-disciplinary program focusing on children 

http://www.letsmove.gov/


 6 

age 2-18 with BMI greater than the 95
th

 percentile or children greater than the 85
th

 

percentile suffering from obesity related co-morbities. 

2. Pre-adolescent: Children between the ages of 8-12. 

3. Adolescents: Children between the ages of 13-18.  

4. BMI (Body Mass Index): A number calculated from a person’s weight and height. 

The formula for BMI calculation is: weight (kg) / [height (m)]2 (Ogden & Flegal, 

2010).  

5. BMI Percentile: Measurement used for children aged from 2-20 years. BMI is plotted 

on a gender appropriate growth chart from the Centers of Disease Control (CDC). 

Percentiles are the most commonly used indicator to assess growth patterns in 

children of the United States. This gives a reference to what the norm is for the 

child’s age and sex (Ogden & Flegal 2010).  

6. Overweight: A child whose BMI is between the 85th to less than the 95th percentile 

(Ogden & Flegal., 2010). 

7. Obese: A child whose BMI is equal to or greater than the 95th percentile (Ogden & 

Flegal., 2010).  

8. Gross Motor Skills: The ability to control the large muscles of the body for walking, 

running, sitting, crawling, and other activities (Children’s Health Encyclopedia, 

2011).  

9. Fine Motor Skills:  Small movements of the hands, wrists, fingers, feet, toes, lips, and 

tongue (Children’s Health Encyclopedia, 2011). 
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Summary 

 Early onset of childhood obesity is a rising concern in the United States (Sather, 

et al., 2011). Childhood obesity is associated with a multitude of factors, many of which 

are under the control of the child’s parents. Since this occurrence of obesity in children is 

starting at such a young age, early life events and the impact on BMI need to be 

addressed. This study examines the impact of early life events on the body mass index 

(BMI) of obese adolescents enrolled in the Pediatric OverWeight Education and Research 

(POWER) program at Riley Hospital for Children, Indiana University Health.



 

 

 

 

CHAPTER 2 

 

 

 

REVIEW OF LITERATURE 

 

 

 

The purpose of this study was to examine maternal and infant factors associated 

with body mass index (e.g., maternal weight gain, infant birth weight, infant feeding 

methods, and motor coordination) among obese pre-adolescents and adolescents enrolled 

in the Pediatric OverWeight Education and Research (POWER) program at Riley 

Hospital for Children at Indiana University Health.  This chapter will provide an 

overview of childhood obesity; the impact of early life events on the development of 

childhood obesity; and a summary of evidence based programs to reduce childhood 

obesity based on a review of current literature. 

 

Childhood Obesity 

This section of the literature review will provide background information related 

to Childhood obesity.  This review will define childhood obesity, provide current obesity 

prevalence rates, describe health risks associated with childhood obesity, and summarize 

the impact of select variables on childhood obesity.  

 

Childhood Obesity Defined 

Childhood obesity is defined as having a body mass index (BMI) at or above the 

95
th

 percentile for age and gender (Barlow & the Expert Committee, 2007).  Body Mass 
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Index (BMI) is a measurement used to estimate childhood obesity in children between the 

ages of two to twenty.  BMI does not measure body fat directly, but it is a reasonable 

indicator of body fatness for most children and teens (Barlow et al., 2007). A child’s BMI 

is calculated by obtaining their weight in kilograms and dividing that number by their 

height in meters, squared (Ogden, et al., 2010).  This BMI value is then plotted on the 

appropriate Center for Disease Control and Prevention (CDC) growth chart based on the 

child’s age and gender. These growth charts show the child’s value based on other 

children in that same age group. A child with a BMI that falls above the 85th percentile is 

considered “overweight” and a child with a BMI that falls above the 95th percentile is 

classified as “obese” (Ogden & Flegal, 2010).   

 

Prevalence of Childhood Obesity  

 Obesity rates in America continue to rise. The 2007–2008 NHANES data indicated 

16.9 percent of children and adolescents aged 2–19 years were obese (Ogden & Carroll, 

2010).  Using the 1976-1980 NHANES data as baseline, the percent of obese children in 

the United States has tripled and the prevalence of early onset obesity in children ages 

two to five has increased significantly. Specifically, between 1976–1980 and 2007–2008, 

obesity rates increased from 5.0 percent to 10.4 percent among preschool children aged 2–5 

years, from 6.5 percent to 19.6 percent among those aged 6–11 years, and from 5.0 percent to 

18.1 percent among adolescents aged 12–19 years (Ogden & Carroll, 2010). 

 

Health Risks Associated with Childhood Obesity  

Childhood obesity is associated with an increased rate of health-related diseases 

and conditions that had previously been referred to as “adult diseases,” (Whitaker, et al., 
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2010). These conditions can include asthma, orthopedic problems, inflammation, type II 

diabetes, hypertension, hyperlipidemia, Non-Alcoholic Fatty Liver Disease (NAFL), 

asthma, sleep apnea and shortened life span (Hughes & Reilly, 2008; Beyerlein, Toschke, 

Schaffrath Rosario, & von Kries, 2011; Whitlock, Williams, Gold, Smith, & Shipman, 

2005; Han, Lawlor, & Kimm, 2010). 

The Bogalusa Heart Study which was conducted between 1972 and 2005 is the 

longest and most detailed study of a biracial (black-white) population of children in the 

world. Friedman, Srinivasan, and Harsha (1989) reported obese participants in the 

Bogalusa Heart Study had adverse serum lipid levels, insulin resistance, elevated blood 

pressure, and calcifications in the aorta and coronary arteries.  Further analysis by 

Freedman, Dietz, Srinivasan, and Berenson (1999) of 813 overweight school children 

revealed 58 percent of the overweight children had at least one risk factor for 

cardiovascular disease.  At least half of those with two or more risk factors could be 

identified using “being overweight” as the screening tool.  In 2007, a comprehensive 

analysis of the Bogalusa Heart Study indicated 70 percent of obese children had at least 

one CVD risk factor and 39 percent had two or more (Freedman, Mei, Srinivasan, 

Berenson, & Dietz, 2007).  

In addition to an increased risk for medical complications, obese children and 

adolescents have a greater risk of social, emotional and psychological problems, such as 

discrimination and poor self-esteem, which can continue into adulthood (Whitlock et al., 

2005; Anderson, Xin, Schoppe-Sullivan, & Must, 2010). Strauss (2000) studied 1520 

children 9 to 10 years of age in the National Longitudinal Survey of Youth.  The author 

measured self-esteem using the Self-Perception Profile for Children.  Four-year follow-
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up Self-Perception scores were available for 79 percent of the children. Results indicated 

that, over the 4-year period, obese Hispanic females and obese white females showed 

significantly decreased levels of global self-esteem compared with non-obese Hispanic 

females and non-obese white females, respectively; mild decreases in self-esteem were 

observed in obese boys when compared to non-obese boys. By 13 to 14 years of age, 

significantly lower levels of self-esteem were observed in obese boys, obese Hispanic 

girls, and obese white girls compared with their non-obese counterparts. Decreasing 

levels of self-esteem in obese children were associated with significantly increased rates 

of sadness, loneliness, and nervousness compared with obese children whose self-esteem 

increased or remained unchanged. In addition, obese children with decreasing levels of 

self-esteem over the 4-year period were more likely to smoke and drink alcohol 

compared with obese children whose self-esteem increased or remained unchanged. 

 

Environmental and Behavioral Influences on Childhood Obesity  

Early onset of childhood obesity has been linked to many environmental and 

behavioral factors, including an increase of high caloric low nutrient dense foods, 

sedentary lifestyle, large portion sizes, and lack of healthy dietary choices (Jain, 

Sherman, Chamberlin, Carter, Powers, & Whitaker, 2001; St-Onge, Keller, & 

Heymsfield, 2003; Polhamus, Dalenius, Borland, Smith, & Grummer-Strawn, 2007). 

Parental factors associated with obesity later in life include parental weight gain during 

pregnancy (Whitaker, 2004), feeding choices made by caregiver (Faith et al., 2004, 

Kramer et al., 2004), infant birth weight, and possibly infant development age. 
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Parental influence on children starts at infancy, as they provide both genes and the 

environment in which the child grows (Savage, Fisher & Birch, 2007). Scaglioni, 

Salviono, and Galimberti (2008) conducted a study to see if parental attitudes influenced 

a child’s eating behaviors. The results indicated a positive correlation between a parent’s 

attitude and their child’s eating patterns.  Similar to Scaglioni et al., (2008), Gregory, 

Paxton, and Brozovic (2010) also found that maternal feeding practices influenced their 

child’s eating patterns observed later in life, but they did not find an association between 

feeding practices and BMI. The results of these two studies provide evidence indicating 

that parents can influence their child’s eating selection and pattern and give credence to 

the idea that it is important to explore how parent’s feeding choices made at infancy can 

affect their child’s subsequent BMI.  

Ontai, Ritchie, Williams, Young, and Townsend (2009) reviewed determinants of 

overweight and obesity in a pediatric population. The authors analyzed the association 

between various behavioral factors and with the risk of being overweight in low-income 

children. Results indicated determinants of obesity could be grouped into three 

categories: 1) diet, 2) lifestyle, and 3) parenting. Specific diet-related determinants 

included: fruit/ vegetable intake, sweetened beverages, restaurant prepared foods, energy 

density of foods, and variety of foods; specific lifestyle-related determinants included: 

physical activity, television viewing, video games, and sleep duration; and specific 

parenting-related determinants included: encouragement, family functioning, and using 

food as a reward. All of these factors were ranked as directly related or inversely related 

with being overweight in children, with television viewing, sweetened beverages, 
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restaurant prepared foods, and encouragement (i.e., family pressure) identified as being 

directly related to obesity. 

The consumption of high calorie foods, processed foods, and fast foods has 

increased among many young children due to family’s fast paced lifestyles, with children 

who eat fast food having higher caloric intakes than those who do not (Bowman, 

Gortmaker, Ebbeling, Pereira, & Ludwig, 2004; Powell, Chaloupka, & Bao, 2007).  

Many children drink their calories via unnecessary liquids (O’Conner, Yang, & Nicklas, 

2006), including soda, sweet tea, lemonade, sports drinks, coffee, and Kool-Aid. 

Excessive consumption of these sweetened beverages has been found to increase BMI (de 

Silvia-Sanigorski, et al., 2011). This increase in liquids and energy dense foods has also 

been associated with a decrease in fruit and vegetable consumption. Unpublished 

POWER data from October 2008-2009, shows that the average child’s vegetable 

consumption, including potatoes, was 1.3 servings daily and the average fruit 

consumption was 1.5 servings per day, including 100 percent juice. These numbers 

reflect an intake significantly below the current MyPlate recommendations for children 

(e.g., 1.5 cups fruit; 1.5 cups vegetables). Hugh et al., (2004) indicated a lower 

consumption of fruits and vegetables is associated with an increased BMI and a higher 

risk of chronic diseases associated with obesity (e.g. hypertension).  

Infant feeding methods have been found to be associated with obesity later in life. 

Exclusively breastfeeding an infant has been shown to be associated with a decreased risk 

for obesity later in life (Brion et al., 2011; Mangrio, Lindström, & Rosvall, 2010; Simon, 

de Souza, & de Souza, 2008). It has been hypothesized that bottle-feeding, regardless of 

the type of formula or milk, is distinct from feeding at the breast in its effect on infants' 
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reduced ability to self-regulate their intake. This could cause a stretch in the stomach at 

infancy causing an increased appetite as a toddler and spiraling forward (Li et al., 2009). 

Koletzko et al., (2009) concluded that infant feeding practice has a higher potential for 

long-term health effects, including obesity.  

Physical activity has been declining for many children for an abundance of 

reasons. Play time in schools has been decreased, physical education classes have been 

cut from schools or shortened, screen time has increased due to technology, and families 

feel their neighborhood environment is not safe for their child to go out and play 

(Mitchell, Catenacci, Wyatt, & Hill, 2011). All of these factors also contribute to the rise 

of childhood obesity.  

Motor skill performance has been shown to be negatively affected by being obese 

(Hondt, Deforche, Bourdeaudhuij, & Lenoir, 2008). Wrotniak, Epstein, Dorn, Jones, and 

Kondilis (2006) reported that motor proficiency is positively associated with physical 

activity and inversely associated with sedentary activity in children.  No study has been 

found in the literature that links motor skill development at infancy with a subsequent 

risk of becoming obese as a child, although logic suggests that, if there is a positive 

correlation between motor skill development in infancy and reduced physical activity, the 

child would be at increased risk for obesity.   

Oddy, Robinson, Kendall, Zubrick, and Stanley (2010) identified a link between 

enhanced motor development in infants and toddlers and breastfeeding.  These authors 

reported that infants who were breastfed for four months or longer had enhanced fine 

motor skills at age 1 and 3, significantly higher adaptability scores up to age two, and 

higher communication scores at age 1 and 3. 

http://www.ncbi.nlm.nih.gov/pubmed?term=%22Mitchell%20NS%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Mitchell%20NS%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Wyatt%20HR%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Hill%20JO%22%5BAuthor%5D
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Increase in screen time causes an increase in sedentary lifestyles (Mendoza, 

Zimmerman, & Christakis, 2007). Sedentary lifestyles have amplified throughout the 

United States due to the abundance of technology (Hills, King, & Armstrong, 2007), 

including television, video games, computers, texting, and iPods. Within the POWER 

clinic, children of all ages are encouraged to not exceed screen time of two hours per day 

as recommended by the American Academy of Pediatrics (Davis, Gance-Cleveland, 

Hassink, Johnson, Paradis, & Resnicow, 2007).  An increase in screen time has been 

shown to affect an increase in BMI and a decrease in metabolic rate (Dubois, Farmer, 

Girard, & Peterson, 2008). Screen time also has many advertisements for unhealthy 

foods, targeting younger children. These factors associated with screen time result in 

decreased exercise, increase in mindless eating, and increase in want for high sugar, high 

fat foods in children (Anschutz, Engels, & Van Strien, 2009).  

Living in an unsafe environment has been associated with increased screen time, a 

decreased level of activity, and a reduced amount of time spent outdoors, all of which 

could result in increased BMI.  In a national sample of preschool children, Burdette and 

Whitaker (2005) found that a mother’s perception of neighborhood safety was related to 

their children's TV viewing time, but not to their outdoor play time or risk for obesity.  

Gordon-Larson et al., (2000) stressed the importance of providing safe and accessible 

places for exercise for youth, with schools deemed ideal for safe play and exercise.  

 

Summary 

 Many factors are associated with an increased BMI, resulting in childhood 

obesity, including increased screen time, consumption of excessive calories, and 
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decreased physical activity. Many health consequences have been shown with this 

increase and these include type-II diabetes, asthma, sleep apnea, and hypertension. 

Taking action to prevent the adoption of these types of behaviors appears necessary to 

stem the rising tide of childhood obesity. 

 

Impact of Early Life Events on Childhood Obesity 

 Identifying early risk factors for obesity could help pediatricians focus their 

patient education efforts. The following review of the literature will give an overview of 

what is known about the impact of early life events on childhood obesity.   

 

Prenatal Weight Gain 

 Many retrospective studies have been conducted to determine the impact of 

prenatal obesity/weight gain on the subsequent prevalence of childhood obesity. 

Whitaker et al., (2004) reported that maternal obesity in early pregnancy more than 

doubles the risk of the child becoming obese at two to four years of age. The authors 

suggested special attention should be paid to newborns of obese mothers to prevent an 

excessive accumulation of body weight.  Fraser et al., (2010) reported the greater the 

maternal weight gain, the higher the prevalence of offspring having increased adiposity 

and cardiovascular disease.  Boney, Verma, Tucker, and Vohr (2005) also reported a 

trend toward a higher prevalence of maternal obesity before pregnancy and a large for 

gestational age infant. 

 Fraser et al. (2010) examined the association of gestational weight gain and pre-

pregnancy weight with offspring adiposity and cardiovascular risk factors. The 
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researchers examined data from 5,154 mother-offspring pairs for adiposity and blood 

pressure and 3,457 mother-offspring pairs for blood assays from a UK prospective 

pregnancy cohort. The authors used a random effects multilevel model to assess 

gestational weight gain. The result indicated that a weight gain higher than 

recommended, by the Institute of Medicine (Rasmussen, Yaktine, & Editors, 2009), was 

associated with a higher prevalence of offspring with a greater BMI while children of 

women who gained less than the recommended amount of weight during their pregnancy 

had lower levels of adiposity. The greater the maternal weight gain up to 36 weeks of 

gestation showed an association with greater offspring adiposity and adverse 

cardiovascular risks.  

 Whitaker et al., (2004) examined the association between various risk factors at 

birth and the subsequent development of childhood obesity in a retrospective cohort study 

of 8,494 lower income children from Ohio between the ages of 2 and 4 years who were 

enrolled in the Women’s Infants and Children (WIC). The subjects of this study were 

followed from the first trimester of gestation until 24 to 59 months of age. 

Anthropometric measurements were obtained by the WIC staff.  The researchers 

classified obesity as a BMI greater than 95
th

 percentile for age and gender; mothers were 

classified as either obese (BMI >30 kg/m
2
) or non-obese (BMI <30 kg/m

2
) on the basis of 

BMI measured in the first trimester of the child’s gestation. Results indicated maternal 

obesity in early pregnancy more than doubled the prevalence of childhood obesity at ages 

two to four years in this low-income population.  

 Boney, Verma, Tucker, and Vohr (2005) examined the development of metabolic 

syndrome (MS) among children born to mothers with or without gestational diabetes 
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mellitus (GDM) who were either large-for-gestational-age (LGA; n=84) or appropriate-

for-gestational age (AGA; n=95) at birth. This longitudinal cohort study examined the 

children at age six, seven, nine, and eleven years. Results indicated the LGA offspring of 

diabetic mothers were at significant risk of developing MS in childhood; the prevalence 

of MS in the AGA group was similar to the prevalence (4.8%) among white adolescents 

in the 1988–1994 National Health and Nutrition Examination Survey.  In addition, those 

children who were exposed to maternal obesity in utero were at increased risk of 

developing MS, suggesting that obese mothers who do not fulfill the clinical criteria for 

GDM may still have metabolic factors that affect fetal growth and postnatal outcomes.  

The authors concluded that children who are LGA at birth and are exposed to an 

intrauterine environment of either diabetes or maternal obesity are at increased risk of 

developing MS. Given the increased obesity prevalence, these findings have implications 

for perpetuating the cycle of obesity, insulin resistance, and their consequences in 

subsequent generations and clearly warrant public health efforts to help women achieve a 

healthy weight prior to becoming pregnant. 

 Mestan, Ouyang, Matoba, Pearson, Otiz, and Wang (2010) studied 364 infant-

mother pairs enrolled in the longitudinal cohort study conducted at Boston Medical 

Center to investigate factors associated with large for gestational age (LGA). The 

researchers classified LGA infants as those with a birth weight greater than the 90th 

percentile for reference; controls were appropriate-for-gestational age (AGA) was 

defined as BW<90th and >10th percentile (N=319).  Multivariate regression models were 

used to determine the associations between LGA status, maternal BMI and diabetes 

(DM), which included either gestational or type 2 diabetes (T2DM). Results indicated 
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maternal pre-pregnancy BMI within the obesity range (≥30) and DM were each 

associated with increased risk of LGA (OR=2.64, 95%CI 1.31–6.20; OR=5.58, 95%CI 

2.06–15.13, respectively).  

 Shibli, Rubin, Akons, and Shaoul (2008) conducted a study to assess the 

prevalence of overweight in a sample of hospitalized infants and to assess the prevalence 

of morbidity in overweight infants in a community-based sample. The authors examined 

2,139 hospital admissions from infants ≤ 24 months of age who were admitted for any 

reason to the pediatric department at the Bnai Zion Medical Center in 2004–2005. For the 

community-based sample, the authors identified overweight infants (≥ 85th weight-for-

height percentile in ≥ 2 measurements, ≥ 3 months apart), ≤ 24 months of age, in 8 

mother and child health care facilities in the Haifa subdistrict of Israel. Parents of infants 

were interviewed by using a structured questionnaire. Results indicated that overweight 

infants (85th to 94th percentiles) had fewer admissions and fewer repeated admissions 

than expected, while infants ≥ 95th percentile had more admissions than expected and a 

larger number of repeated admissions. In addition, the authors reported that rates of 

developmental delays (mainly delayed gross motor skills) and snoring were significantly 

higher in infants of ≥ 85th percentile.  Interestingly, when the mothers were asked to 

assess whether their child was overweight, only 31.6 percent of mothers of overweight 

children thought their child was overweight  

In sum, data indicates a correlation between being large for gestational age and 

the risk of obesity later in life. Since maternal weight gain and a mother’s pre-pregnant 

weight is associated with this increase for large for gestational age, maternal education 

needs to be provide to ensure mothers understand the risks.  
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Infant Feeding Practices  

Animal studies showed that overfeeding in early life has an impact on nutrient 

balance and hormone responses, which can lead to a disturbance of appetite regulation 

(Armitage, Poston & Taylor, 2008). Logic suggest if appetite disturbance is seen in 

animal species, a similar response may be seen in humans.  

 Although several researchers have reported that breastfeeding results in a reduced 

likelihood of obesity (Mangrio, Lindström, Maria Rosvall, 2010; Li, Fein, Grummer-

Strawn, 2010; Koletzko et al., 2009), the mechanism for this observation are still 

unknown. Mangrio, Lindström, Maria Rosvall (2010) conducted a population-based, 

cross-sectional study to examine the relationship between early life factors and being 

overweight at 4 years of age among children. The subjects consisted of 9009 children 

who visited the Child Health Care (CHC) centers in Malmö, Sweden for their 4-year 

health check during 2003-2008. Data was abstracted from a self-administered 

questionnaire completed by the participants’ parents. The results indicated that having 

overweight/obese parents was strongly associated with the child being overweight or 

obese. An association high maternal weight gain and obesity was also observed. 

Breastfeeding was found to have a protective role against overweight and obesity in these 

children. The researcher stressed the importance of early life factors in the development 

of child overweight and obesity and encouraged practitioners to focus on the importance 

of early targeted interventions. 

Li, Fein, Grummer-Strawn (2010) examined the relationship between 

breastfeeding and the risk of childhood obesity using data from the Infant Feeding 

Practice Study II conducted between 2005 and 2007. Monthly questionnaires were sent to 
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mothers with infants during the infants’ first year of life. Data was collected from 1,250 

infants. Results indicated that while only 27 percent of infants who were fed exclusively 

at the breast in early infancy emptied the bottle or cup in late infancy, 54 percent of the 

infants who were fed both at the breast and by bottle and 68 percent of those who were 

fed only by bottle emptied the cup (e.g., consumed more calories). Multivariate 

regression analysis indicated that infants who were bottle-fed more intensively early in 

life were two times more likely to empty the bottle or cup later in life than those who 

were bottle-fed less intensively. When feeding formula and expressed milk were 

considered separately, similar dose-response relationships were observed.  The authors 

concluded that infants who are bottle-fed in early infancy are more likely to empty the 

bottle or cup in late infancy than those who are fed directly at the breast. Bottle-feeding, 

regardless of the type of milk, is distinct from feeding at the breast in its effect on infants' 

self-regulation of milk intake which could, in turn, result in a higher prevalence of 

childhood obesity. 

Kolestzko et al. (2009) examined the impact of the protein content in formula on 

weight gain during infancy in the European Obesity Project, a double blind randomized 

clinical trial.  The researchers hypothesized that if the protein content in formula was 

higher than breast milk, a higher weight gain in infants would be observed.  Data from 

1,000 healthy infants born at full term living in Belgium, Germany, Italy, Poland, and 

Spain was examined. In this study, healthy term infants were randomly assigned to 

receive infant formula with higher or lower protein contents, respectively, for their first 

year of life. The follow-up data obtained at age 2 years indicate that, compared to the 

high protein formula, feeding formula with reduced protein content was associated with a 
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normalized early growth relative to a breastfed reference group and the new World 

Health Organization growth standard, which may furnish a significant long-term 

protection against later obesity. The authors concluded that infant feeding practices have 

a high potential for long-term health effects and that the policies for infant formula 

composition should be reviewed. 

Victor, Morris, Barros, deOnis, and Yip (1998) found that breastfed infants grow 

more rapidly for the first three months. This study also revealed that breastfed infants 

slow the rate of growth soon after those three months. 

In summary, researchers have identified that infant feeding practices impact infant 

growth patterns, due in part to self-regulation and protein composition of formula. It has 

been suggested that the protein content of infant formulas be re-examined to more closely 

simulate the content of breast milk.   

 

Infant Motor Skills  

“Normal” motor development has been defined by The American Academy of 

Pediatrics based on an infant achieving the following landmarks events 

(www.healthychildren.org):  

 From zero to three months – infant should be able to raise head and chest 

when on stomach and stretch and kick when on back;  

 From four to seven months  - infant should be able to roll both ways on back, 

sit with and without support of hands, support whole weight on legs, reach 

with one hand, transfers object from hand to hand, and use raking grasp; and 

http://www.healthychildren.org/
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 From eight to twelve months - infant should be able to get into sitting position 

without help, crawling forward on belly, assumes hands-and-knees position, 

get from sitting to crawling position, pull self-up to stand, and walk holding 

on to furniture. 

Rycus and Hughs (1998) provided a different set of developmental criteria.  These 

authors stated that infants of three months should be able to lift their head at 90 degrees 

and use their arms to prop themselves up; at five months, infants should be able to grasp, 

roll over, reach for objects, transfer objects, play with feet, stretch, and rock on stomach; 

at seven months, the infant should be able to push into a sitting position, push head and 

torso off floor, support weight on legs, and perform a raking motion with hands; at nine 

months an infant should be able to get to and from sitting position, crawl, and pull into 

standing position; and at twelve months the infant should be able to walk.  

The correlation between developmental milestones during infancy and physical 

activity levels and body mass index has been examined by several researchers. The 

following literature review will examine the impact of infant development in different 

populations on weight and activity level. 

 Wrotniak, Epstein, Dorn, Jonesc, Kondilisc (2006) examined the relationship 

between motor proficiency and physical activity in 65 children between the ages of eight 

and ten. These researchers hypothesized that the better the motor abilities, the easier it 

would be for the child to be physically active, thus making the child more likely to 

engage in physical activity.  The authors assessed physical activity using an 

accelerometer; motor proficiency was determined using the Bruininks-Oseretsky Test of 

Motor Proficiency. Results indicated that children’s motor proficiency was positively 
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correlated with amount of activity and percentage of moderate to moderate-vigorous 

activity. Children with the greatest motor proficiency were shown to be the most 

physically active. Children with greater body mass index were less physically active, 

more sedentary, and had poorer motor proficiency compared to children with lower body 

mass indexes.  The authors concluded that identifying a children’s motor proficiency 

could be an appropriate target for increasing physical activity. 

 Williams, Pfeiffer, O’Neill, Dowda, McIver, Brown, and Pate (2006) examined 

the relationship between motor skills and physical activity of preschool aged children.  

Results indicated a positive correlation between motor function and physical activity. The 

authors concluded that the relationship between motor skill performance and physical 

activity could be important to the health of children, particularly in obesity prevention. 

The authors suggested that clinicians should work with parents to monitor motor skills 

and to encourage children to engage in activities that promote motor skill. 

 Shibli, Rubin, Akons and Shaoul (2011) found that infants with delayed motor 

skills were more likely to have a BMI at the 85
th

 percentile or higher and to suffer from 

co-morbidities commonly seen in obese children, such as asthma and snoring.  Infants 

with a BMI at the 95
th

 percentile had a higher rate of hospital admissions and a higher 

rates of delayed gross motor skills than normal weight infants. 

Hondt, Deforche, Bourdeaudhuij, and Lenoir (2008) compared the fine motor 

control of obese, overweight and normal weight children between the ages of five and 

twelve under different postural constraints (e.g., sitting and standing on a balance beam). 

A total of 273 normal weight children, 202 overweight children, and 65 obese children 

participated in this study. Postural control difficulties were observed in overweight and 
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obese children.  These subjects also produced lower scores in the sitting condition. The 

researchers concluded that obese children might suffer from underlying perceptual-motor 

coordination difficulties. 

Frey and Chow (2006) examined children with intellectual disabilities to 

determine the relationship between overweight/obesity and aerobic fitness and muscular 

strength. The authors used a systematic, stratified sampling method that included 444 

youth with mild intellectual disabilities between the ages of 6 to 18 years. These subjects 

were selected from eight different special education schools in Hong Kong. Subjects 

were categorized as either normal or overweight/obese based on their BMI using 

international cutoff points.  An examination of the fitness assessments and body mass 

index indicated a minimal association between being overweight or obese and the 

subjects’ aerobic fitness and muscular strength.  There was no relationship between the 

subjects’ BMI and any other fitness measure or motor skill in this sample.  

Barnett, Van Beurden, Morgan, Brooks, and Beard (2008) studied 2,000 

elementary school children to determine if childhood motor skill proficiency predicted 

adolescent cardiorespiratory fitness. The skills were assessed as part of an elementary 

school intervention; follow up for these subjects took place between 2006 and 2007 as 

part of a physical activity study. Cardiorespiratory fitness was measured using a 

Multistage Fitness Test. Linear regression was used to examine the relationship between 

childhood fundamental motor skill proficiency and adolescent cardiorespiratory fitness 

controlling for gender. Results indicated that children with good object control skills 

were more likely to become fit adolescents. The authors concluded that fundamental 
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motor skill development during childhood may be an important component of 

interventions aiming to promote long-term fitness. 

 

Summary 

In summary, a review of the literature examining motor skill functions and 

obesity show a positive correlation. When children lack motor skills, they tend to 

disassociate themselves from physical activity, which often results in an increased BMI. 

The literature suggests that motor skills should be reviewed at infancy to see if there is an 

impact on skills as a teenager or a pre-teenager.  

 

Evidence Based Programs to Reduce Childhood Obesity  

The American Dietetic Association recently published a position paper entitled 

“Position of the American Dietetic Association: Individual-, Family-, School-, and 

Community-Based Interventions for Pediatric Overweight.” This comprehensive, 

evidence-based analysis of nearly 100 recent and ongoing interventions to prevent 

overweight indicated large gaps in the literature (Ritchie, Crawford, Hoelsher & Sothern, 

2006). In particular, the authors noted that, with the exception of school-based studies, 

there is “a paucity of data on community programs and policies that will impact the 

greatest numbers and potentially improve health behaviors for all children, including 

those currently overweight and at high risk (p.938)”.  Three programs being implemented 

in Indiana to reduce childhood obesity, and Committed to Kids, the program used to 

develop the POWER program, will be described in this section of the literature review. 
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SHAPEDOWN 

 SHAPEDOWN (2011) is an evidence-based childhood obesity program 

developed by faculty members of the University of California-San Francisco School of 

Medicine in the mid-1980’s. SHAPEDOWN focuses on the physical, emotional, 

cognitive and social needs of children aged six to eighteen years and their parents. This 

family-centered program includes aspects of nutrition, exercise physiology, 

endocrinology, psychology, family therapy, adolescent medicine, family medicine, and 

behavioral and developmental pediatrics. SHAPEDOWN has an intensive ten week 

schedule; with a two hour meeting once a week. After completing the first phase, 

participants move on to the advanced phase which meets biweekly for twenty weeks or 

more. Group sessions are also provided for continual support. 

The effectiveness of SHAPEDOWN was demonstrated by Melin, Slinkard, and 

Irwin (1987).  This controlled study followed 66 adolescents for 15 months in diverse 

sites in California.  Subjects were randomly assigned to either a test or control group. The 

test group received the group application of SHAPEDOWN while the control group 

received no treatment. There were no differences between groups in any of the variables 

studied at the beginning of the study. Paired t-tests indicated the SHAPEDOWN group, 

both at the end of the treatment (3 months) and at one year follow-up (15 months), 

significantly decreased relative weight and significantly improved weight-related 

behavior, self-esteem, depression and knowledge. With the exception of self-esteem, the 

control group made no significant improvement in any other variables.
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G.O.A.L 

G.O.A.L. (Get Onboard Active Living) is a family-focused, community approach 

to decreasing childhood overweight/obesity and encouraging healthy lifestyles for 

children and their families through education and activity that is being implemented in 

Bloomington, Indiana, and surrounding cities.  This program is a joint effort of many 

community partners including Indiana University Health, Bloomington Southern Indiana 

Pediatrics, Bloomington Parks and Recreation, Monroe County YMCA, Monroe County 

Community School Corporation, Richland Bean-Blossom Community School 

Corporation, The Office of Community Health Engagement at Indiana University, and 

The Department of Kinesiology at Indiana University. This program provides medical, 

behavioral, nutritional, and physical components along with ongoing support. This 

program sees children between the ages of six to eighteen years with a BMI at or greater 

than the 85
th

 percentile for age and sex. The program takes referred participants from 

their primary care physician. This program has 3 cycles starting in January, May, and 

September and only takes on about 15-20 families at a time. After the cycle is complete, 

follow up is maintained. To date, no evaluation of the program has been conducted. 

 

Committed to Kids 

The Committed to Kids program (Kazabee.com, 2012) was initiated over 15 years 

ago at Louisiana State University as a clinical research project. This twelve-week 

program, adopted by Kazabee, Inc. and implemented in western New York, involves 

weekly two-hour sessions (http://www.kazabee.com/html/committed_to_kids.html, 

2011). The Committed to Kids program focuses on three goals: increasing physical 

http://www.iuhealthbloomington.org/oth/Page.asp?PageID=OTH001491
http://www.kazabee.com/html/committed_to_kids.html
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activity in the child’s daily life, improving nutritional education for the family for 

healthier eating, and helping the family to develop strategies to change eating behavior in 

a positive way. One parent is required to participate in the program with the child; the 

parent is given the same weekly goal as the child. This program is implemented by a 

Registered Dietitian, Youth Fitness Trainer, and a Social Worker. 

 

POWER 

 The Riley Pediatric OverWeight Education and Research (POWER) program was 

started at Clarian Health in October of 2008. The POWER program was created to help 

fight childhood obesity in Indiana. This program uses a multifaceted, multi-disciplinary 

approach to reduce childhood obesity. The program was based primarily on principles 

used in the Committed to Kids program.  Parent involvement has been a key component 

in a child’s weight loss (Rhee, De Lago, Arscott-Mills, & Mehta, 2004) and is considered 

an integral component of the POWER program. Patients are provided with one-on-one 

interaction with a nurse practitioner/doctor, a psychologist, a physical therapist, and a 

registered dietitian.  

 The year-long POWER program targets obese children between the ages of two to 

eighteen whose BMI is above the 95
th

 percentile for age and gender or a BMI above the 

85
th

 percentile for age and gender if they are suffering obesity related co-morbidities. The 

program attempts to see the children at a younger age as research indicates a greater 

success (Sather, et al., 2011). The program starts with 12 intensive weekly sessions, 

including one-on-one visits with each of the four providers. After completion of  phase 

one, the children are engaged in group sessions which are held in the evening once per 
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month for three months, after which the children go into the follow-up phase which 

includes one meeting every other month for 6 months. 

POWER Program is funded by a grant through the hospital and continues to seek 

financial support to continue. The program has had over 2,000 referrals and, as of August 

2011, has seen over 800 participants. Success has been seen in individuals who follow the 

program and continue on the path of a healthier lifestyle, although, until this thesis, a 

comprehensive analysis of data has not been conducted.  

 

Summary 

 Childhood obesity rates have tripled over the past thirty years. Childhood obesity 

has long-term health consequences.  Many factors have been associated with this rising 

prevalence, including both genetic and environmental factors.  Evidence based practices 

to reduce childhood obesity indicate a multi-disciplinary approach that includes family 

involvement (Rhee et al., 2004) have been successful for many children. The data 

collected by the Pediatric OverWeight Education and Research (POWER) program, a 

multi-disciplinary weight loss program for children, will help the scientific community 

identify understand determinants of childhood obesity and identify key elements 

associated with successful weight loss.



 

 

 

 

 

CHAPTER THREE 

 

 

 

METHODOLOGY 

 

 

 

 The purpose of this study was to examine maternal and infant factors associated 

with body mass index (e.g., maternal weight gain, infant birth weight, infant feeding 

methods, and motor coordination) among obese pre-adolescents and adolescents enrolled 

in the Pediatric OverWeight Education and Research (POWER) program at Riley 

Hospital for Children at Indiana University Health. This chapter will describe the 

methods that were used to conduct the study.  

 

Institutional Review Board 

 Permission was received from the Institutional Review Board at Ball State 

University to conduct this analysis as an exempt study (Appendix A-1). The researcher 

conducting this research completed the Collaborative Institutional Training Initiative 

(Appendix A-2).  

 

Letter of Permission 

 Permission to access and analyze the de-identified POWER data was received 

from Dr. Sandeep Gupta, Professor of Clinical Pediatrics and Clinical Medicine, 

Director, Riley POWER Program, Pediatric Gastroenterology, Hepatology and Nutrition.  
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Dr. Gupta granted permission to access and analyze the de-identified POWER data for 

use by select Ball State Dietetics graduate students in pursuit of their Master of Science 

degree in Dietetics, to Dr. Carol Friesen, Associate Professor at Ball State University and 

to Ball State University statisticians (Appendix B-1).  

 

POWER Program  

 The POWER (Pediatric OverWeight Education and Research) program is a multi-

disciplinary approach to reduce and prevent childhood obesity. Participants are referred 

to the POWER program by primary care physicians throughout Indiana. To be accepted 

into the program, a child must be between two to eighteen years of age and either have a 

BMI greater than the 95
th

 percentile for age and gender or a BMI above the 85
th

 

percentile for age and gender with a concomitant obesity-related comorbidity.  

Prior to enrolling in the POWER program, each parent completes a 

comprehensive initial intake packet (Appendix C).  This instrument, derived from a 

questionnaire previously used by the Gastroenterology group at Riley Hospital for 

Children, provides information about the patient’s family history, developmental and 

medical history, physical activity and exercise history, educational history, emotional and 

behavioral history, sleeping patterns, nutrition and dietary intake, and a brief social 

history.  The Riley POWER Program Family History Questionnaire enrollment form was 

approved from the Indiana University Purdue University of Indianapolis IRB.  

 

POWER: Initial Phase 

The initial phase of POWER is twelve weeks in length. During this intensive 

phase, the family meets with four different providers (e.g., a registered dietitian, physical 
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therapist, psychologist, and medical doctor/nurse practitioner) two times each. At the 

initial visit the patient’s weight, height, BMI, blood pressure, arm/waist circumference, 

fasting blood work, and physical testing are obtained. The first follow up appointment is 

scheduled one week later with the physical therapist; at this time, the patient’s weight and 

height are taken and the BMI calculated. The second follow up visit is scheduled with the 

dietitian one to two weeks later; at this time, the height, weight, and BMI are recorded for 

the third time. At the third follow up visit, the patient meets with the psychologist and 

their height, weight, and BMI are obtained for the fourth time. The fourth follow up is 

with the nurse practitioner and physical therapist; the patient’s height, weight, and BMI 

are recorded for the fifth time.  Follow-up visits continue every two weeks, with the 

patient rotating through the four providers. At eight weeks, the patients’ arm and waist 

circumference are measured for the second time. During these twelve weeks, the provider 

and the family work on individualized goals to achieve a healthier way of life.  Only data 

collected during Phase 1 of the POWER program was analyzed in this study. 

 

POWER: Phase 2 

After Phase 1, the family meets with the nurse practitioner to determine if the 

child is ready for Phase two. If both the family and medical staff agree, the family begins 

phase two of the POWER program. This phase involves meeting in a group session one 

time per month for three months. The group sessions consist of food demonstrations, 

physical activity/playing games, and motivational talks. This phase allows families to get 

to know the other families involved with this program who are struggling with the same 

issues.  The patients’ height, weight, and BMI are obtained at every visit during phase 2. 
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POWER: Follow-Up Phase  

After three months, the second follow up phase begins. This phase includes group 

sessions meeting every other month for three more sessions over a six month period of 

time. The patients’ height, weight, and BMI are obtained at every visit. Upon conclusion 

of the program, the family meets with the medical staff one final time before graduating. 

If the family feels they have been successful and can continue on their own they will 

graduate them from the program. If the family feels they need additional guidance, they 

will continue them in the phase of choice.  

If the POWER protocol is perfectly implemented, and if a patient attends each 

meeting as scheduled, the following measurements should be recorded in the patient’s 

medical records: 

 

Intensive Phase/Phase I (3 months) 

 Initial Visit- Height, Weight, BMI, blood pressure, arm/waist circumference, 

fasting blood work, and physical testing 

 Week One- Height, Weight, and BMI (physical therapist) 

 Week Two- Height, Weight, and BMI (dietitian) 

 Week Four- Height, Weight, and BMI (psychologist) 

 Week Six- Height, Weight, and BMI (nurse practitioner and physical therapist) 

 Week Eight- Height, Weight, BMI, waist/arm circumference (dietitian) 

 Week Ten- Height, Weight, and BMI (psychologist) 

 Week Twelve- Height, Weight, and BMI (nurse practitioner) 
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Follow Up Phase/Phase II (three visits; monthly for three months) 

 Month Four- Height, Weight, and BMI (physical testing obtained) 

 Month Five- Height, Weight, and BMI 

 Month Six- Height, Weight, and BMI (fasting lipids obtained if abnormal) 

 

Final Phase/Phase III (three visits; every other month for six months) 

 Month Eight- Height, Weight, and BMI 

 Month Ten- Height, Weight, and BMI 

 Month Twelve- Height, Weight, and BMI (fasting labs obtained-all) 

 

Sample 

 Between October of 2008 when the Pediatric OverWeight Education and 

Research (POWER) program began and September 1, 2011 when the data was abstracted 

for analysis, 897 individuals had enrolled in the POWER program (56 in 2008, 260 in 

2009, 324 in 2010, and, as of September 1, 2011, 250 in 2011).  For the purpose of this 

study, only data from the POWER subjects between the ages of 8-18 years of age 

collected during Phase 1 was analyzed. A total of 538 individuals met these criteria.  Of 

these, 309 individuals between the ages of 8-12 years were classified “pre-adolescents 

and 229 individuals between the ages of 13-18 years were 538 were classified as 

“adolescents.”  

 

Instrument 

The instrument used to obtain this data (Appendix C) was developed by staff of 

the POWER Program at Riley Hospital for Children. This initial intake packet was 
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derived from a previously used questionnaire from the Gastroenterology group at Riley 

Hospital for Children. This instrument was approved from the Indiana University Purdue 

University of Indianapolis (IUPUI) Institutional Review Board.  

 

Consent 

Parents of the children who participate in the POWER program understand that 

any data obtained can be used for research purposes. A letter of consent has been 

waivered for this program due to the volume of participants and the purpose of this 

program. This waiver has been approved through the Institutional Review Board of 

Indiana University Purdue University of Indianapolis.  

 

Methods  

All of the children between the ages of eight and eighteen years who were 

enrolled into the POWER (Pediatric OverWeight Education and Research) program 

between October 2008 and September 1, 2011 were selected from the de-identified 

POWER database. Subjects between the ages of 8-12 years were classified as “pre-

adolescents and subjects between the ages of 13-18 years were classified as 

“adolescents.”  

Prior to initial visit, a packet is sent out to the parents through the mail. The 

parents of the obese child are asked to complete all of the forms in the packet and bring it 

with them to their initial appointment (Appendix C). Included in the packet is the Riley 

POWER Program Family History Questionnaire. Data obtained from questions that 

provide information about the early life events were examined in this study. Specific 

questions analyzed in this study are found in the Developmental and Medical History 
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(DMH) section and the Physical Activity and Exercise Habits (PAEH) section of the 

form (Appendix C). Questions from DMH section included number one, pertaining to 

maternal weight gain, number three, pertaining to birth weight of infant, number five, 

pertaining to breastfeeding, and number six pertaining to formula feeding. DMH question 

15 (gross motor coordination) and 16 (fine motor coordination) were used to assess the 

relationship between current motor skill function and various measurements of physical 

activity as indicated PAEH questions 3 through 8. 

Subjects’ height and weight were obtained by a certified medical assistant during 

the subjects’ initial visit.  Subjects’ weight was obtained in kilograms using a digital 

scale; subjects’ height was obtained from a calibrated stadiometer at Riley Hospital 

Outpatient Center.  

 

Data Entry and Analysis 

 Data from all Riley POWER Program Family History Questionnaires, 

anthropometric data, and biochemical measurements were entered by POWER staff into 

an elaborate, color-coded Excel database.  The initial packet was filed in the individuals’ 

medical chart. Each child was assigned a unique number, allowing all identifiers to be 

removed for research purposes.  The Excel data from the enrollment form and Phase 1 

was uploaded into SPSS and prepared for analysis by Dr. Carol Friesen. 

The data for this study was analyzed by Dr. Jerome Kotecki and Dr. Carol 

Friesen, per the stipulation of Dr. Sandeep Gupta (Appendix C), using SPSS v.19.0 for 

Windows (SPSS, 2011).  Descriptive statistics were run on all variables. One-way 

ANOVA with Tukeys post-hoc analysis and paired t-tests were used to determine the 
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difference between and within variables.  Pearson’s correlation was used to determine the 

correlation between variables of interest. Cross tabs and Chi Square were used to analyze 

the difference between groups when nominal data was examined. Statistical significance 

was set at p ≤ 0.05. 

 

Summary  

 The purpose of this study was to examine maternal and infant factors associated 

with body mass index (e.g., maternal weight gain, infant birth weight, infant feeding 

methods, and motor coordination) in already obese pre-adolescents and adolescents 

enrolled in the Pediatric OverWeight Education and Research (POWER) program at 

Riley Hospital for Children at Indiana University Health. This research will expand 

previous data that has been collected from the POWER program and provide a better 

understanding of what factors are associated with BMI. 



 

 

 

 

 

CHAPTER FOUR 

 

 

 

RESULTS 

 

 

The purpose of this study was to examine maternal and infant factors associated 

with body mass index (e.g., maternal weight gain, infant birth weight, infant feeding 

methods, and motor coordination) among obese pre-adolescents and adolescents enrolled 

in the Pediatric OverWeight Education and Research (POWER) program at Riley 

Hospital for Children at Indiana University Health. This chapter will describe the results 

obtained when the POWER data was analyzed.  

 

Participants  

Participants in this study were the 538 individuals between the ages of eight to 

eighteen years who had enrolled in Riley Hospital for Children’s POWER weight loss 

program between October 2008 and September 1, 2011. Of these, 61.7 percent were 

female and 38.3 percent were male.  By race/ethnicity, 209 subjects (39%) were black, 

280 subjects (52%) were white, 25 subjects (4.6%) were Hispanic, and 22 subjects 

(4.1%) indicated their race as “other.” Descriptive characteristics of the POWER 

participants, overall and by age group (pre-adolescent, 8-12 years of age; adolescent, 13-

18 years of age) can be found in Table 1.  
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Pre-adolescent Group 

 For the purposes of this study, age was used as a proxy for stage of puberty as 

Tanner staging was not conducted as part of the POWER program. Consequently, the 

subjects were divided into two groups, “pre-adolescents” (8-12 years) and “adolescents” 

(13-18 years). Using these criteria, 59 percent (n=319) of the POWER participants were 

classified as “pre-adolescents.” Of these, 57 percent (n=190) were female and 40 percent 

(n=129) were male.  By race/ethnicity, 123 subjects (39%) were black, 163 subjects 

(52%) were white, 16 subjects (5%) were Hispanic, and 16 subjects (5%) indicated their 

race as “other.” 

 

Adolescent Group 

 Forty-one percent (n=219) of the participants were between the ages of 13-18 

years and were classified as “adolescents.”  Of these, 65 percent (n=142) were female and 

35 percent (n=77) were male. By race/ethnicity, 86 subjects (39%) were black, 117 

subjects (53%) were white, 9 subjects (4%) were Hispanic, and 7 subjects (3%) indicated 

their race as “other.”  

 

Table 1. Characteristics of Subjects at Enrollment in the POWER Program. 

Variable  

Pre-Adolescent 

(n=319) 

Adolescent 

(n=219) 

Overall 

(N=538) 

Mean ± SD 

Age (years) 

 
10.7 ± 1.4 15.1 ± 1.4 12.5 ± 2.6 

 

Height (cm) 

 
151.6 ± 11.0 166.2 ± 8.9 157.5 ± 12.4 

 

Weight (kg) 

 
79.7 ± 23.2 115.8 ± 28.3 94.4 ± 30.9 

 

BMI 

 
34.0 ± 6.5 41.7 ± 8.4 37.1 ± 8.2 
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RQ#1: Prenatal Weight Gain and BMI 

The first research question addressed whether or not there was a relationship 

between a mother’s prenatal weight gain and the child’s BMI at pre-adolescence or 

adolescence in an obese pediatric population.  

Overall, the subjects’ mothers reported gaining an average of 40.5 ± 27.2 pounds 

during their pregnancy (Table 2). By group, the pre-adolescents’ mothers (n=235) 

reported gaining 42.70 ± 30.5 pounds, while the adolescents’ mothers (n=155) reported 

gaining 37.2 ± 21.3 pounds. ANOVA indicated a significant difference in weight gain 

between groups (F=3.86, df 1,388, p=0.05).  The weight gains reported ranged from -28 

to 200 pounds. Although 91 percent of the respondents reported gaining less than 75 

pounds during their pregnancy, nine percent (n=33) of the mothers reported gaining 

between 80 to 200 pounds. 

 

Table 2. Mean Prenatal Weight Gain of Mothers by Group (n=390). 

 

Group N Weight Gain, lbs.  F p 

Pre-Adolescents 235 42.7 ± 30.5 3.86 .05  

Adolescents 

 

155 37.2 ± 21.3   

Overall 

 

390 40.5 ± 27.3   

 

Pearson’s correlation indicated there was no relationship between maternal weight 

gain and initial BMI either overall (r = -0.017, p = 0.736, n=389) or within each group 

(Pre-adolescents: r = 0.029, p=0.657, n=235; Adolescents: r = 0.039, p = 0.631, n=154).   
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RQ#2: Birth Weight and BMI 

The second research question addressed whether or not there was a relationship 

between the POWER participants birth weight and BMI, both overall and by group (e.g., 

pre-adolescents or adolescents), in this obese pediatric population. To address this 

question, participants’ responses to Q.3 in the Developmental and Medical History 

section of the initial intake packet (Appendix B): “How much did your child weigh at 

birth in pounds and ounces?” was compared to participants initial BMI and all subsequent 

BMI measurements taken as they progressed through the POWER program. 

Infant birth weight was available for 453 (84%) of the POWER participants.  

Overall, the subjects’ mean birth weight was 7.44 ± 1.47 pounds (Table 3). By group, the 

pre-adolescents’ (n=272) mean birth weight was 7.46 ± 1.44 pounds, while the 

adolescents’ (n=181) mean birth weight was 7.41 ± 1.49 pounds. ANOVA indicated no 

significant difference between groups (F=0.139, df 1,451, p=0.710). 

 

Table 3. Infant Birth Weight of POWER Participants by Group (n=453). 

 

Group N Mean, lbs.  F p 

Pre-Adolescents 272 7.46 ± 1.44 0.139 .710  

Adolescents 

 

181 7.41 ± 1.49   

Overall 

 

453 7.44 ± 1.47   

 

Spearman’s correlation coefficient indicated there was no relationship between 

infant birth weight and the participants’ initial BMI, both overall (r = 0.08, p = 0.08, 

n=452) or within the adolescent group (r = -0.041, p = 0.581, n=180).  There was, 
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however, a strong, significant correlation between infant birth weight and the initial BMI 

upon enrollment in the POWER program within the pre-adolescent group (r=0.181, 

p=0.003, n=272). In addition, at every subsequent return visit during Phase 1, there was a 

statistically significant correlation between infant birth weight and BMI among the pre-

adolescents. In contrast, there was no statistical relationship between BMI and infant 

birth weight among the adolescents at any point throughout Phase 1 (Table 4).  

 

Table 4 Correlation between Birth Weight and BMI among Preadolescents 

and Adolescents using Spearman’s Correlation Coefficient. 

 

 Initial 

BMI 

1
st
 

BMI 

2
nd

 

BMI 

3
rd

 

BMI 

4
th

 

BMI 

5
th

 

BMI 

6
th

 

BMI 

7
th

 

BMI 

Pre-Adolescents         

N 272 234 208 161 123 107 76 63 

r .181 .226 .172 .260 .332 .219 .337 .298 

Sig 2-tailed .003 .001 .013 .001 <.001 .023 .003 .018 

         

Adolescents         

N 180 147 132 98 78 71 54 44 

r -.041 .017 .106 .046 .132 .032 .002 -.111 

Sig 2-tailed .581 .836 .228 .653 .251 .791 .986 .475 

 

Birth Weight Category and BMI 

 To further analyze this relationship between infant birth weight and BMI, the 

infants were divided into three birth weight categories (e.g., high birth weight [>4,000 

grams or 8 pounds, 13 ounces], normal birth weight, and low birth weight [< 2500 grams 

or 5 pounds, 5 ounces]. Pearson’s correlation coefficient indicate no statistical correlation 

between birth weight and BMI at any time during Phase 1 of the POWER program 

among the 38 low birth weight infant, the 334 normal birth weight infants, or the 75 high 

birth weight infants (Table 5).  
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Table 5 Correlation between Birth Weight and BMI among Low Birth 

Weight, Normal Birth Weight and High Birth Weight Infants. 

 

 Initial 

BMI 

1
st
 

BMI 

2
nd

 

BMI 

3
rd

 

BMI 

4
th

 

BMI 

5
th

 

BMI 

6
th

 

BMI 

7
th

 

BMI 

Low Birth Weight         

N 38 33 29 23 16 12 12 8 

r .038 .116 -.013 .027 .037 .164 .161 .263 

Sig 2-tailed .820 .521 .947 .904 .893 .610 .617 .529 

Normal Birth Wt         

N 334 280 248 191 148 135 98 75 

r .005 .021 .089 .037 .060 .025 -.026 -.095 

Sig 2-tailed .928 .723 .175 .611 .471 .771 .801 .420 

High Birth Wt         

N 75 63 58 42 36 30 23 19 

r .124 .020 .062 -.055 .129 -.089 -.033 -.144 

Sig 2-tailed .288 .876 .643 .728 .452 .640 .892 .513 

 

RQ#3: Infant Feeding Method and BMI 

The third research question addressed whether or not there was a relationship 

between the infant feeding method (e.g., breastfed vs. non-breastfed) and BMI among 

POWER participants, both overall and by group (e.g., pre-adolescents or adolescents), in 

this obese pediatric population. Data from Q5 and Q6 in the Developmental and Medical 

History portion of the initial intake packet (e.g., was your child breast fed? No/Yes [For 

how long? weeks and months]) were used to address this question. 

 

Breastfed vs. Not-Breastfed 

Approximately half (49.5%; n=205) of the 414 individuals who responded to Q5 

indicated they had breastfed for at least some period of time.  Of these, 64.9 percent 

(n=133) were pre-adolescents at the time of enrollment into POWER; 35.1 percent 

(n=72) of those who were breastfed were adolescents at the time of enrollment.  Fisher’s 

Exact test indicated the difference between groups neared significance (X
2
 = 0.057).   
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When all subjects were examined together, ANOVA indicated children who were 

breastfed for at least some period of time had a statistically lower BMI upon enrollment 

in the POWER program than those who were not breastfed at all (35.7 ± 7.4 vs. 37.8 ± 

8.3; df = 1, 411; F = 7.612; p= 0.006).  The statistical relationship held true until the 

seventh BMI measurement was taken (Table 6).  

 

Table 6. BMI of Individuals who were Breastfed for Some Period Compared to 

  Those who were Not Breastfed at All (n=413). 

 

 Breastfed N Mean BMI ± SD F Sig. 

Initial BMI No 209 37.8 ± 8.3 7.612 .006 

Yes 204 35.7 ± 7.4   

Total 413 36.8 ± 7.9   

First return 

BMI 

No 173 38.3 ± 8.5 14.536 .000 

Yes 179 35.1 ± 7.1   

Total 352 36.7 ± 8.0   

Second BMI No 160 38.1 ± 8.6 9.966 .002 

Yes 158 35.2 ± 7.7   

Total 318 36.6 ± 8.3   

Third BMI No 123 37.9 ± 8.8 10.450 .001 

Yes 117 34.5 ± 7.3   

Total 240 36.3 ± 8.3   

Fourth BMI No 96 38.3 ± 9.5 9.509 .002 

Yes 89 34.4 ± 7.4   

Total 185 36.4 ± 8.7   

Fifth BMI No 90 38.5 ± 9.2 10.484 .001 

Yes 76 34.3 ± 7.2   

Total 166 36.6 ± 8.6   

Sixth BMI No 65 38.7 ± 10.4 4.570 .035 

Yes 53 35.1 ± 7.2   

Total 118 37.1 ± 9.2    

Seventh BMI No 56 38.1 ± 10.2 3.102 .081 

Yes 49 35.1 ± 7.0   

Total 105 36.7 ± 8.9   
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 By group, when the BMIs among those who were breastfed for at least some 

period of time were compared to those who had not been breastfed at all, no statistical 

difference were detected among either the pre-adolescents (33.4 ± 6.6 vs. 34.7 ± 6.6; df = 

1,247; F = 2.202; p = 0.139) or the adolescents (40.0 ± 6.9 vs. 41.8 ± 8.5; df = 1,162; 

F=2.145; p = 0.145) at their enrollment into the POWER program.  However, among the 

adolescents, at the first, second, third, fourth and fifth return visits, ANOVA indicated a 

statistically significant difference in BMI between those who were breastfed and those 

who were not breastfed, with the breastfed participants consistently having a lower BMI 

than the non-breastfed participants.  This trend was not seen in the pre-adolescent 

population, where a difference in BMI between groups was only observed at the time of 

the first return BMI measurement (33.1 ± 6.3 vs. 35.1 ± 6.8; df = 1,215, F=5.185; p = 

0.024), with the breastfed pre-adolescents having a lower BMI than those who were not 

breastfed. 

 

RQ#4: Duration of Breastfeeding and BMI 

The fourth research question addressed whether or not there was a relationship 

between the length of time a mother breastfed and BMI among POWER participants, 

both overall and by group (e.g., pre-adolescents or adolescents), in this obese pediatric 

population. Data from Q5 and Q6 in the Developmental and Medical History portion of 

the initial intake packet (e.g., was your child breast fed? No/Yes [For how long? weeks 

and months]) were used to address this question. 

A total of 191 of the 205 mothers who answered “yes” when asked if they 

breastfed, provided an estimate of the length of time they had breast fed their infant (5.7 
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± 6.1 months). Pearson’s correlation coefficient indicated no statistical correlation 

between the duration of breastfeeding and BMI in this obese pediatric population (r = -

0.015; p=0.836). However, for those individuals who remained in the POWER program 

and had a sixth and seventh BMI measurement taken during Phase 1, a statistically 

significant correlation was observed (6
th

: r=0.279; p=0.047; 7
th

: r=0.406; p=0.005).  The 

correlation, however, was positive, indicating the longer a woman breastfed, the higher 

the BMI. 

 

RQ#5: Motor Coordination and Physical Activity 

The fifth research question addressed the current physical activity level of the 

POWER participants and explored whether or not the subjects’ gross or fine motor 

coordination was associated with their level of physical activity, both overall and by 

group (e.g., pre-adolescents or adolescents), in this obese pediatric population. Data 

describing the current physical activity level of the POWER participant was obtained 

from Q.3-10 in the Physical Activity and Exercise History section of the initial intake 

packet (Appendix B).  These physical activity variables were then compared to the 

subjects’ gross motor (Developmental and Medical Health [DMH] Q15) and fine motor 

(DMH Q16) coordination rating, where the options described by the parents were “poor”, 

“fair”, “good”, or “excellent.” 

 Parents of the POWER participants (n=501) indicated their child engaged in 

moderate physical activity, on average, 3.8±1.9 days per week (Table 7), with crosstab 

analysis indicating the majority of children spent either 10-20 minutes (29.3%) or 20-30 

minutes (26.5%) per day in moderate physical activity.  The parents (n=433) indicated 
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their child participated in vigorous physical activity, on average, 2.7 ± 1.7 days per week 

(Table 8), with crosstab analysis indicating the majority of children spending less than 10 

minutes (21.7%), 10-20 minutes (19.9%), or 20-30 minutes (20.6%) in vigorous physical 

activity per day. The POWER participants engaged in school-based physical education 

1.9 ± 0.8 days per week.  Participants (n=502) spent 3.7 ± 1.3 hours per weekday, and 4.2 

± 1.4 hours per weekend day, watching television, playing video games or on the 

computer (e.g., “screen time”).  On average, participants (n=342) sat up at 5.3 ±1.6 

months, crawled (n=333) at 7.2 ±2.0 months, and walked (n=417) at 11.6 ± 2.7 months. 

 

Table 7. Characteristics of Subjects Related to their Current Physical Activity, 

Screen Time, and Motor Development. 

 

Characteristic of Interest N Mean ± SD 

Physical Activity (n=501) 

Days per week moderate PA 

 

501 

 

3.8 ± 1.9 

Days per week vigorous PA 433 2.7 ± 1.7 

Screen Time (n=502) 

Average screen time per weekday, hours 

 

502 

 

3.7 ± 1.3 

Average screen time per weekend, hours 499 4.2 ± 1.4 

 

 ANOVA indicated pre-adolescents spent more time participating in “vigorous 

activity” (F=7.142, df = 1,450, p=0.008) and in physical education classes at school 

(X
2
=84.4, P=<0.001) than the adolescents. Nearly all of the pre-adolescents (93%; n=257 

of 277) indicated they participated in physical education classes in school compared to 

slightly more than half (57%; n=111 of 194) of the adolescents. In contrast, adolescents 

reported spending more time each weekday (3.9 ± 1.4 hours per day vs. 3.6 ± 1.3 

hours/day; F=7.605, df = 1,500, p=0.006) and more time each weekend day (4.4 ± 1.4 
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hours/day vs. 4.0 ± 1.3 hours/day; F=6.955, df = 1,497, p=0.009) watching television, 

playing video games or on the computer than the pre-adolescents. 

 

Gross Motor Coordination 

Overall, eight percent (n=41) of the parents indicated their child’s gross motor 

coordination was “poor,” one quarter (25.9%; n=133) indicated “fair,” almost half 

(46.6%; n=239) indicated “good,” and 19.5% (n=100) indicated “excellent.” There was 

no difference in the ratings between age groups (X
2
=4.153, p=0.245).  ANOVA indicated 

a significant difference in the time per day spent in moderate physical activity by gross 

motor rating (p=.008), in the number of days per week spent in vigorous activity 

(p=0.001), and in the time spent in vigorous activity (p=0.001) (Table 8). 

The Tukey HSD post hoc test indicated those children with “poor” gross motor 

coordination participating in significantly less time per day in moderate physical activity 

than those with a fair (p=0.007), good (p=0.006), or an excellent (p =0.028) rating. 

Similarly, the post hoc test indicated the children with gross motor coordination classified 

as “poor” spent significantly fewer days per week in vigorous physical activity than those 

with a fair (p=0.004), good (p=0.001), or an excellent (p = < .001) rating.  Lastly, post 

hoc testing indicated the children with “poor” gross motor coordination spent 

significantly less time per day in vigorous physical activity than those with a good 

(p=0.002) or an excellent (p = 0.008) rating.  There was no difference, however, between 

individuals with a “poor” and a “fair” gross motor coordination rating (p=0.292).   



 50 

No significant differences were detected when the subjects were split into the 

adolescent and pre-adolescent groups. With this obese population, there appeared to be 

no differences between gross motor skills and physical activity by age group. 

 

Table 8. Assessment of the Gross Motor Coordination and Physical Activity 

Level in the POWER Participants Upon Enrollment. 
 

Characteristic  Gross Motor 

Rating 
N Mean± SD F P 

Days per week 

moderate physical 

activity? 

Poor 38 3.68 ± 2.07 1.023  .382 

Fair 127 3.65 ±1.89   

Good 226 3.90 ±1.85   

Excellent 97 4.07 ±2.02   

Total 488 3.85 ±1.91   

Time spent per day 

in moderate physical 

activity? 

Poor 40 2.35 ±1.31 3.968 .008 

Fair 124 3.23 ±1.57   

Good 225 3.20 ±1.50   

Excellent 97 3.13 ±1.46   

Total 486 3.12 ±1.51   

Days per week 

VIGOROUS 

activity? 

Poor 34 1.59 ±1.23 5.947 .001 

Fair 105 2.73 ±1.64   

Good 201 2.80 ±1.73   

Excellent 85 3.02 ±1.93   

Total 425 2.73 ±1.75   

Time spent in 

vigorous activity? 

Poor 37 2.32 ±1.62 5.813 .001 

Fair 113 2.90 ±1.72   

Good 205 3.42 ± 1.73   

Excellent 87 3.41 ± 1.78   

Total 442 3.19 ±1.76   

 

Fine Motor Coordination 

Overall, four percent (n=19) of the parents indicated their child’s fine motor 

coordination was “poor,” 12.2% (n=62) indicated “fair,” 43.7%; n=223 indicated “good,” 

and 40.4% (n=206) indicated “excellent.” Fine motor development is associated with 
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skills such as writing and catching a ball. No difference was detected in the ratings 

between age groups (X
2
=7.387, p=0.061).  ANOVA indicated a significant difference in 

the time per day spent in vigorous physical activity by fine motor rating (F=4.1492, df = 

3,438, p=0.006) (Table 9). No other significant relationships were observed between a 

POWER participants’ fine motor development and their level of physical activity. 

 

Table 9. Assessment of the Fine Motor Coordination and Physical Activity 

Level in the POWER Participants Upon Enrollment. 

 

Characteristic  Gross Motor 

Rating 
N Mean± SD F P 

Days per week 

moderate physical 

activity? 

Poor 18 2.94 ± 2.10 2.492  .059 

Fair 55 3.95 ±2.03   

Good 212 3.71 ±1.80   

Excellent 200 4.05 ±1.96   

Total 485 3.85 ±1.91   

Time spent per day 

in moderate physical 

activity? 

Poor 19 2.63 ±1.77 1.704 .340 

Fair 54 2.81 ±1.30   

Good 211 3.19 ±1.57   

Excellent 199 3.19 ±1.46   

Total 483 3.13 ±1.51   

Days per week 

VIGOROUS 

activity? 

Poor 14 2.00 ±1.24 1.120 .006 

Fair 49 2.78 ±1.73   

Good 188 2.67 ±1.71   

Excellent 173 2.84 ±1.82   

Total 424 2.73 ±1.75   

Time spent in 

vigorous activity? 

Poor 18 2.56 ±1.79 4.149 .983 

Fair 51 2.76 ±1.68   

Good 195 3.07 ± 1.73   

Excellent 178 3.51 ± 1.77   

Total 442 3.19 ±1.76   

 

The Tukey HSD post hoc test indicated those children with “fair” gross motor 

coordination spent significantly less time per day in vigorous physical activity than those 
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with an “excellent” rating (p=0.036).  No other differences were detected for any 

variable. In addition, no differences were detected by age group.  

 

RQ#6: Success of the POWER Program in Reducing BMI 

The sixth research question addressed whether or not the POWER program was 

successful in reducing the participants’ BMI, both overall and by group (e.g., pre-

adolescents or adolescents). The subjects’ initial height and weight, and all subsequent 

height and weight measurements taken on follow-up visits, were used to calculate BMI 

which was analyzed to address this question. 

Paired samples t-test indicated a statistically significant reduction in the BMI of 

the POWER participants at each return visit after the first visit in Phase 1 (Table 10). 

 

Table 10. Change in BMI between Initial and Final BMI Measurement. 

Pairs N Mean BMI ± SD t Sig. 

Initial BMI 

First Return BMI 

450 37.2 ± 8.3 1.605 .109 

 37.1 ± 8.2   

Initial BMI 

2
nd

 Return BMI 

406 37.1 ± 8.4 2.111 .035 

 36.5 ± 8.5   

Initial BMI 

3
rd

 Return BMI  

308 37.1 ± 8.4 2.213 .028 

 36.4 ± 8.6   

Initial BMI 

4
th

 Return BMI 

242 37.5 ± 8.9 3.872 .000 

 36.4 ± 8.9   

Initial BMI 

5
th

 Return BMI 

214 37.5 ± 8.75 3.134 .002 

 36.7 ± 8.8   

Initial BMI 

6
th

 Return BMI 

152 38.2 ± 9.4 3.477 .001 

 36.8 ± 9.1   

Initial BMI 

7
th

 Return BMI 

132 37.6 ± 9.1 2.349 .020 

 36.7 ± 8.8   
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 When the data was analyzed by age group, results indicated the adolescents were 

more successful in reducing their BMI than the pre-adolescents (Tables 11 and 12). 

Among the pre-adolescents, a significant reduction in BMI was observed when 

individuals (n=125) remained with the program and returned for four BMI measurements 

(p=0.026) (Table 11).  A statistically significant difference was also observed for those 

participants who remained in the program and had seven BMI measurements taken 

(n=79; p=0.34). Only 29.3 percent of the preadolescents returned to POWER and had 

seven BMI measurements taken during Phase 1 of the program. 

 

Table 11. Change in BMI of Pre-Adolescents Aged 8-12 Years between Initial  

  and Final BMI Measurement using Paired Analysis. 

 

Pairs N Mean BMI ± SD t Sig. 

Initial BMI 

First Return BMI 

271 34.2 ± 6.7 1.807 .072 

 34.1 ± 6.5   

Initial BMI 

2
nd

 Return BMI 

245 34.0 ± 6.8 0.587 .558 

 33.8 ± 7.0   

Initial BMI 

3
rd

 Return BMI  

184 33.6 ± 6.1 0.476 .635 

 33.4 ± 6.6   

Initial BMI 

4
th

 Return BMI 

145 33.9 ± 6.5 2.253 .026 

 33.3 ± 6.6   

Initial BMI 

5
th

 Return BMI 

123 33.8 ± 6.75 0.996 .321 

 33.5 ± 6.8   

Initial BMI 

6
th

 Return BMI 

87 34.5 ± 7.3 1.828 .071 

 33.9 ± 7.1   

Initial BMI 

7
th

 Return BMI 

79 33.7 ± 6.2 2.158 .034 

 33.3 ± 6.4   

 

 

 Among the adolescents, a significant reduction in BMI was evident by the second 

return visit when individuals (n=161) when a mean reduction of 1.2 BMI units was 
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observed (t=2.479; p=0.14) (Table 12). A statistically significant difference continued to 

be observed for those adolescents who remained in the program for their third (p=0.013), 

fourth (p=0.002), fifth (p=0.001) and sixth (p=0.003) BMI measurement.  Although a 

mean reduction continued to be seen at the seventh BMI measurement, the difference was 

not statistically significant due to the reduced power (n=53) and the wide variance among 

subjects (p=0.076).  Almost identical to that observed among the pre-adolescents, only 

29.6 percent of the adolescents returned to POWER and had seven BMI measurements 

taken during Phase 1 of the POWER program. 

 

Table 12. Change in BMI of Adolescents Aged 13-18 Years between Initial and  

  Final BMI Measurement using Paired Analysis. 

 

Pairs N Mean BMI ± SD t Sig. 

Initial BMI 

First Return BMI 

179 41.7 ± 8.4 0.748 .455 

 41.6 ± 8.4   

Initial BMI 

2
nd

 Return BMI 

161 41.8 ± 8.5 2.479 .014 

 40.6 ± 8.9   

Initial BMI 

3
rd

 Return BMI  

124 42.3 ± 8.7 2.508 .013 

 40.8 ± 9.3   

Initial BMI 

4
th

 Return BMI 

97 43.0 ± 9.6 3.219 .002 

 41.0 ± 9.8   

Initial BMI 

5
th

 Return BMI 

91 42.5 ± 8.7 3.293 .001 

 41.0 ± 9.4   

Initial BMI 

6
th

 Return BMI 

65 43.2 ± 9.6 3.036 .003 

 40.6 ± 10.0   

Initial BMI 

7
th

 Return BMI 

53 

 

43.4 ± 9.7 

41.8 ± 9.5 

1.809 .076 
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Summary 

In conclusion, data from 538 individuals between the ages of eight to eighteen 

years who had enrolled in Riley Hospital for Children’s POWER weight loss program 

and completed Phase 1 between October 4, 2008 and September 1, 2011 was analyzed.  

The results of this research indicate statistical significance with regard to the following 

variables: 

 Infant birth weight was positively associated with BMI in the pre-adolescent 

group;  

 Breastfeeding was associated with a reduced BMI in pre-adolescents and 

adolescents; 

 Pre-adolescents spent more time participating in “vigorous activity” and in 

physical education classes at school than the adolescents;  

 Adolescents spent more time each weekday and more time each weekend day 

watching television, playing video games or on the computer than the pre-

adolescents; 

 Amount of time per day spent in moderate physical activity was lower among 

those whose parents’ stated their child’s gross motor coordination was “poor” 

as compared to those with a rating of “fair,” “good,” or “excellent”; 

 Number of days per week spent in vigorous activity was lower among those 

whose parents’ stated their child’s gross motor coordination was “poor” as 

compared to those with a rating of “fair,” “good,” or “excellent”; 
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 Amount of time per day spent in vigorous physical activity was lower among 

those whose parents’ stated their child’s gross motor coordination was “poor” 

as compared to those with a rating of “fair,” “good,” or “excellent”; 

 Individuals with a fair” gross motor coordination spent significantly less time 

per day in vigorous physical activity than those with an “excellent” rating; and 

 Participation in the POWER program was associated with a reduction in BMI 

among all individuals, but was especially notable among the adolescents. 

 

In contrast, no statistically relationship was observed between the following:  

 Maternal weight gain and initial BMI upon enrollment into the POWER 

program, either overall or by group (Pre-adolescents and adolescents);   

 Maternal weight gain and the participants’ initial BMI overall or within the 

adolescent group; 

 BMI and birth weight by birth weight category (e.g., low birth weight, normal 

birth weight, or high birth weight; 

 Gross motor coordination and moderate or vigorous physical activity by age 

group (e.g., adolescents and pre-adolescents); and 

 Fine motor coordination and moderate physical activity by age group (e.g., 

adolescents and pre-adolescents). 

 



 

 

 

 

 

 

CHAPTER 5 

 

 

 

DISCUSSION 

 

 

 

The purpose of this study was to examine maternal and infant factors associated 

with body mass index (e.g., maternal weight gain, infant birth weight, infant feeding 

methods, and motor coordination) among obese pre-adolescents and adolescents enrolled 

in the Pediatric OverWeight Education and Research (POWER) program at Riley 

Hospital for Children at Indiana University Health. This chapter will discuss the findings 

of this study.  

 

Prenatal Weight Gain and BMI 

The present study found no relationship with prenatal weight gain and the BMI of 

the woman’s offspring who was enrolled in the POWER program in this already obese 

population. No comparable studies have been identified in the literature that examines the 

relationship between prenatal weight gain and BMI in obese pre-adolescents and 

adolescents.   

In a normally distributed population, Fraser et al., (2010) reported that the greater 

the maternal weight gain, the higher the prevalence of their offspring having increased 

adiposity and cardiovascular disease.  Boney, Verma, Tucker, & Vohr (2005) reported a 
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trend toward a higher prevalence of maternal obesity before pregnancy in large-for-

gestational-age infants.  

Because the data in the present study is self-reported, the possibility for error must 

be considered. To more accurately determine the relationship between maternal weight 

gain and BMI, the mothers’ medical records or, in states like Indiana where maternal 

weight gain is recorded on the birth certificate, the infant’s birth certificate should be 

examined to identify a more accurate estimate of maternal weight gain during pregnancy.  

 

Birth Weight and BMI 

Results of the present study indicated there was no relationship between infant 

birth weight and the participants’ initial BMI at the time they enrolled in the POWER 

program, either overall or within the adolescent group. In addition, there was no 

correlation found between BMI and birth weight when the infants were divided into three 

categories (e.g., low birth weight, normal birth weight, or high birth weight). There was, 

however, a strong, significant correlation between infant birth weight and BMI among the 

pre-adolescent group, both at the initial visit and at every return visit where a BMI was 

calculated.  Since the relationship drops off after age 12, right around the time when 

children experience a growth spurt and before final adult height years, the correlation is 

most likely being influenced by growth differences in height.  It is also possible that this 

observation in the pre-adolescent population may result from the maintenance of “baby 

fat” during the pre-adolescent period which, upon experiencing the normal growth spurt 

that occurs at puberty, the adolescent group not grows in height, but also grows into some 

of their “baby fat.” 
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The literature suggests that, in a normally distributed population, infants born 

large for gestational age are at a higher risk of early childhood obesity (Mestan, Ouyang, 

Matoba, Pearson, Otiz, & Wang et al., 2010; Ng, Olog, Spinks, Cameron, Searle, & 

McClure, 2010).  Nationwide, 7.6 percent of the infants born in the United States in 2009 

were classified as “high birth weight,” weighing 8 pounds 14 ounces or more (e.g., 4000 

grams) (Martin et al., 2011).  In contrast, in the present study, 17 percent of the POWER 

participants were classified as high birth weight (e.g., weighing 8 pounds 14 ounces or 

4000 grams or more at birth), more than double the rate seen in the United States as a 

whole.  This observation would support the results of Mestan et al., (2010) and Ng et al., 

(2010) that indicated a high birth weight baby has an increased risk for becoming obese.  

 

Infant Feeding Methods and BMI  

In this population, children who were breastfed for at least some period of time 

had a statistically lower BMI upon enrollment in the POWER program than those who 

were not breastfed at all.  By age group, no statistical difference in BMI was detected 

among either the pre-adolescents or the adolescents at enrollment into the POWER 

program, nor in the pre-adolescent population at any time throughout the POWER 

program with the exception of the first return visit.  However, a statistical relationship 

was observed in the adolescent population at every return visit after enrollment into the 

program, with the breastfed participants always having a lower BMI than the non-

breastfed participants.   

 A review of the literature indicates breastfeeding has a protective role against 

obesity (Mangrio et al., 2010; Li et al., 2010; Koletzko et al., 2009).  It is interesting to 
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note that, within the POWER participants, the breastfed babies had a lower BMI than the 

non-breastfed babies, suggesting that, even in an already obese population, breastfeeding 

has some relationship with BMI, although the explanation may be behavioral rather than 

physiological (e.g., perhaps the mothers who breastfed are more action-oriented with 

regard to their child’s body weight than the mothers who chose not to breastfeed their 

child).  To answer this question more fully will require additional research.   

Li et al., (2010) reported that non-breastfed infants are more likely to empty a 

bottle or cup, resulting in an increased number of calories consumed that can, over time, 

result in a greater likelihood of child onset obesity. Kolestzko et al. (2009) proposed that 

breastfeeding protects against later obesity by reducing the occurrence of high weight 

gain in infancy. The results of the present study support the literature review that 

indicates breastfeeding has some kind of a protective characteristic with BMI, even in an 

already obese population.  

The present study is limited by the self-reported data about how long the woman 

breastfed, the low number of women who indicated they breastfed exclusively (n=19), the 

limited information about the duration of breastfeeding (e.g., the questionnaire asks for 

“weeks” and/or “months” the mother breastfed; it is not known if the data was 

consistently translated into months when it was entered into the spreadsheet), and the lack 

of information related to the frequency of breastfeeding. 

 

Duration of Breastfeeding and BMI 

No statistical correlation was found between the duration of breastfeeding and 

BMI in this obese pediatric population upon enrollment. However, among those 
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individuals who remained in the POWER program and had a sixth and seventh BMI 

measurement taken, a statistically significant, positive correlation was observed which 

would seem to indicate the longer a woman breastfed, the higher the BMI. 

Victor et al., (1998) found that breastfed infants grow more rapidly for the first 

three months, but that the rate of growth slows down soon after those three months, 

providing a protection against obesity. The data from the present study did not find 

support this finding as in this study an already obese child who was breastfed for three 

months or longer did not see the protective benefits as some researchers have reported. It 

is difficult, however, to compare the results of these two studies due to the difference in 

the population base being reviewed.  

The present study is limited by the self-reported data about how long the woman 

breastfed, the great potential for the various data entry personnel to have inadvertently 

not translated the “weeks” of breastfeeding into “months” of breastfeeding, which would 

have ensured a more consistent timeframe was recorded in the POWER database, and the 

lack of information about the frequency of breastfeeding, especially among those mothers 

who indicated they both breastfed and bottle fed their babies.  

 

Motor Coordination and Physical Activity 

The CDC (CDC, 2009) recommends children and adolescents aged 6 to 17 focus 

on three types of activity: aerobic, muscle-strengthening, and bone-strengthening, with 

children engaging in at least 60 minutes of moderate or vigorous-intensity aerobic 

physical activity physical activity every day.  Youth Risk Factor Surveillance data 

indicated only 18.4 percent of adolescents met the guidelines for aerobic physical activity 
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in 2009 (USDHHS, 2011).  The parents of the POWER participants reported their 

children engaged in moderate physical activity slightly less than four days per week, and 

vigorous physical activity just under three days per week, on average.  Although the 

participants met the CDC’s “number of days” guideline, they did not meet the 60 minutes 

per day guidelines, with most POWER participants spending less than 20 minutes per day 

in physical activity. 

The POWER participants engaged in school-based physical education 

approximately two days per week, with pre-adolescents significantly more likely to 

participate in physical education opportunities in school than the adolescents. Physical 

activity has been declining for many children for an abundance of reasons. Play time in 

schools has been decreased and physical education classes have been cut from schools or 

shortened, (Mitchell et al., 2011). Public policy efforts to mandate daily physical 

education in school, even at the high school and middle school, should be encouraged to 

help stem the rising tide of childhood obesity (Slater, Nicholson, Chriqui, Turner & 

Chaloupka, 2011).  

Screen time is associated with an increase in BMI and a decrease in metabolic rate 

(Dubois, Farmer, Girard, & Peterson, 2008). Screen time also has many advertisements 

for unhealthy foods, targeting younger children. These factors associated with screen time 

result in decreased exercise, increase in mindless eating, and increase in want for high 

sugar, high fat foods in children (Anschutz, Engels, & Van Strien, 2009). The American 

Academy of Pediatrics (AAP; 2001) recommends that children engage in no more than 

two hours of media time per day.  

http://www.ncbi.nlm.nih.gov/pubmed?term=%22Mitchell%20NS%22%5BAuthor%5D
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Participants in the present study spent 3.7 hours per weekday, and 4.2 hours per 

weekend day, watching television, playing video games or on the computer (e.g., “screen 

time”), far exceeding the AAP guidelines. According to the National Survey of 

Children’s Health (NSCH) 78.9 percent of children and adolescents aged 6 to 14 years 

viewed television, videos, or played video games for no more than 2 hours a day in 2007 

(USHHS, 2011). 

Motor skill performance has been shown to be negatively affected by being obese 

(Hondt et al., 2008).  Williams et al., (2006) and Wrotniak et al., (2006) found that motor 

proficiency is positively associated with physical activity and inversely associated with 

sedentary activity in children.  The results of the present study support these findings as 

children with “poor” gross motor coordination participating in significantly less time per 

day, and fewer days per week, in moderate or vigorous physical activity than those with a 

fair, good, or an excellent gross motor rating. No significant differences were detected 

when the subjects were split into the adolescent and pre-adolescent groups, indicating no 

differences between gross motor skills and physical activity by age group. 

These findings could be affected by the way the question is asked and the 

respondents’ perception of what type of behavior differentiates between “excellent” vs. 

“poor” coordination.  Providing more concrete examples of what types of actions define 

excellent, good, fair and poor coordination would allow the parent to more accurately rate 

their child’s coordination level.  Further research is needed to address the role of physical 

activity in the development of more highly coordinated motor skills in an obese pediatric 

population (e.g., does engagement in limited physical activity result in an individual with 



 64 

poorer gross and fine motor coordination, or does a delay in gross or fine motor 

coordination result in reduced engagement in physical activity?).  

 

Success with POWER Program 

 Obesity affects 17 percent of all children and adolescents in the United States, 

triple the rate from just one generation ago (Ogden et al., 2010).  Obese children are more 

likely to become obese adults (Biro & Wien, 2010). Identifying evidence-based programs 

to help obese children adopt healthier behaviors and reduce their health risks by reducing 

their BMI is warranted.  

Results of the present study indicated active participation in the POWER program 

was successful in helping obese children reduce their BMI.  A consistent reduction in 

BMI was seen at each return visit, once the participant had returned for their third visit 

(e.g., baseline=1, first return visit=2, second return visit=3).  Overall, adolescents were 

more successful in reducing their BMI than the pre-adolescents where a reduction in BMI 

was seen from the second return visit through the seventh return visit. Among the pre-

adolescents, however, a significant reduction in BMI was not observed until the 

participant remained in the program long enough to have four BMI measurements taken, 

indicating it might take longer for the pre-adolescents to fully engage in the behavior 

changes necessary to lose weight.   

Despite the success of the POWER program in helping participants lose weight, it 

should be noted that the attrition rate in the POWER program was high, with only 29.3 

percent of the preadolescents engaged in the POWER program long enough to have at 

least seven BMI measurements taken. However, high attrition is a common program 
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associated with weight loss programs (Tsai & Wadden, 2005). Nonetheless, POWER 

staff should consider steps to reduce the attrition rate seen in these participants. 

 

Limitations 

 As the reader examines the results of this study, several limitations must be 

considered.  

 There are many variables that can impact the likelihood of childhood obesity 

other than those examined in this study.  

 Since this study solely looked at pre-adolescents and adolescents, the years 

between infancy and age eight are not included. 

 The data for this study was all self-reported. Having concrete background 

information from medical charts would provide more accurate results.  

 This research only looked at an already obese population. It would be beneficial 

to look and compare an obese population with a normal weight population to 

allow a better understanding of the outcomes of early child life events and there 

impacts on BMI. 

 

Summary 

 Early child life events can impact children later in life. Childhood obesity 

programs need to fully identify what parents need and want to know regarding nutrition 

and overall health to keep their children healthy and to reduce the risk of obesity later in 

life. Guiding new parents and addressing the factors associated with childhood obesity 

will be critical to stem the rising tide of childhood obesity. Clinicians, dietitians and 

pediatricians need to focus on factors associated with obesity that occur very early in life 
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and addressed these factors with new parents in an effort to prevent future health 

problems and risks associated with childhood obesity. . 



 

 

 

 

 

CHAPTER 6 

 

 

 

CONCLUSION AND RECOMMENDATIONS 

 

 

 

The purpose of this study was to examine maternal and infant factors associated 

with body mass index (e.g., maternal weight gain, infant birth weight, infant feeding 

methods, and motor coordination) among obese pre-adolescents and adolescents enrolled 

in the Pediatric OverWeight Education and Research (POWER) program at Riley 

Hospital for Children at Indiana University Health.  This chapter will conclude the study, 

delineate the limitations to this study, and provide recommendations for future research.  

 

Conclusions 

It has been well documented that childhood obesity is an ongoing issue for our 

country. Continual research within this topic is needed to pinpoint the underlying issue. 

To date, this research appears to be the first study to use an already obese population in 

comparison to early child life events.  This research strived to gain more information on 

what factors affect an increase in BMI in an already obese population. Since obesity in 

children has almost become the norm, it is important for health care providers to 

understand the reasoning behind this epidemic and what education can be provided to 

parents prior to bringing a child into this world.  
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The results of this study found that there are early child life events that impact 

BMI; these early child life events should be shared with new parents to aid them in 

raising healthier children and to decrease the risk of obesity. These early life events 

include maternal birth weight, birth weight, physical activity, fine and gross motor 

coordination, and breastfeeding. These variables, along with the other early life events, 

should be studied further to allow a better understanding of the impacts on childhood 

obesity.  

 

Recommendations for Future Research  

Based on the results of this present study, additional research on early child life 

events and obesity should be conducted to fulfill the understanding of the multitude of 

factors associated with this ongoing epidemic. The following suggestions are made:  

 This already obese population should be compared with a normal weight 

population to provide more detailed information on what factors are associated 

with obesity in this obese population (e.g., motor skills and physical activity).  

 It would be interesting to look at an obese population from other parts of the 

world to see if there are similar results in relation to infancy and obesity.  

 The researcher would recommend that further research is conducted looking at 

early child life events and BMI during the toddler years. Following these subjects 

would allow a better understanding of what factors cause childhood obesity.  

 Obtaining data from medical records rather than self-report would provide more 

accurate results.  
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Summary 

In summary, looking at early life events and the impact on childhood obesity 

provides an understanding of what factors help reduction of obesity even in an already 

obese population. These early life events also help in understanding of what factors may 

even benefit the individual when starting an obesity program. This information will help 

health professionals in understanding what factors should be focused on when educating 

parents on obesity and what to prevent or reduce the risk. Future research is needed to 

evaluate if the results and findings of this study is a recurring trend in other groups.  
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