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  ABSTRACT 

THESIS: Influence of Changes in Body Composition on Resting Energy Expenditure 
During Weight Loss  

 
STUDENT: Adrienne S. Thomas 

DEGREE: Master of Science 

COLLEGE: Applied Sciences and Technology 

DATE: July 2010 

PAGES: 56 

The purpose of this thesis was to monitor body composition and energy expenditure 

changes during weight loss in subjects encouraged to maintain a diet equal to 90% of 

resting energy expenditure (REE).  Over six months, 69 female subjects had REE 

measured at baseline and weeks 13 and 25 with fortnightly body composition 

measurements. Subjects lost significant total body mass (17.2 lb) and fat mass (16.7 lb) 

(p≤.000). Fat-free mass remained stable during the six month period. REE was 

significantly higher at baseline (1701.1 kcal) than weeks 13 (1576.3 kcal) and 25 (1579.4) 

(p≤.000); REE at weeks 13 and 25 were similar (p≥.05). Predicted REE at weeks 13 

(1671.3 ± 254.7 kcal) and 25 (1658.5 ± 252.4 kcal), compared to measured REE, was 

significantly lower, 1576.3 kcal and 1579.4 kcal, respectively (p≤.000). Results of this 

study illustrate that individuals can lose significant amounts of total body mass while 

preserving fat-free mass and that during active weight loss, there is a metabolic 

adaptation to reduced caloric intake.  
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Chapter One - Introduction 

 

 One billion people worldwide are considered overweight, and at the apex is the 

United States with more than 72 million overweight people (Ogden et al., 2006). 

Americans are consuming additional calories from larger portion sizes (Nielsen & 

Popkin, 2003) and expending less energy ("Physical Inactivity, Overweight and Obesity," 

2010). As the number of overweight people expands, so too does the number of those 

attempting weight loss. This has spawned a $35 billion industry that is comprised of 

many weight loss devices, with diet and exercise being the most prevalent (Cleland, 

Gross, Koss, Daynard, & Muoio, 2002). Numerous studies have examined assorted diets, 

exercises, and the combination of both, and how they affect body composition and 

resting energy expenditure (REE) (Redman et al., 2007, Redman et al., 2009, Sweeney, 

Heller, Baney, & Digirolamo, 1993, & Volek, Gomez, Rubin, & Watson, 2004)).  

 Caloric restriction and exercise typically are the primary steps taken to lose 

weight. Diets that focus on altering macronutrient composition (e.g. carbohydrates) 

have been in the forefront of many studies recently.  Multiple studies have explored this 

design in conjunction with caloric restriction and deciphered that both dietary strategies 

produced similar significant amounts of fat mass loss (Kerksick et al., 2009; Volek et al., 

2004).  Studies regarding the addition of exercise to diet have also reported comparable 

declines in fat mass (Larson-Meyer, Redman, Heilbronn, Martin, & Ravussin, 2010; 
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Redman et al., 2007).  Outcomes of these studies have established that weight loss can 

be achieved through a number of methods.  

 Regardless of how weight is lost, modifications in energy expenditure and body 

composition have taken place. Energy expenditure can fluctuate from decreased energy 

intake (Kerksick, et al., 2009; Volek, et al., 2004) and alterations in fat-free mass and fat 

mass  (Bosy-Westphal et al., 2009; Cunningham, 1991; Illner, Brinkmann, Heller, Bosy-

Westphal, & Muller, 2000). Preservation of fat-free mass, the prevailing factor in resting 

energy expenditure (REE) (Cunningham, 1991; Illner, et al., 2000), with attenuation of 

fat mass should be the objective during weight loss.  Studies conflict on the most 

suitable way of attaining this. One study that incorporated exercise with caloric 

restriction reported a significantly smaller decline in fat mass versus calorie restriction 

(Frimel, Sinacore, & Villareal, 2008). A further study, however, ascertained that both 

exercise and caloric restriction contributed toward significant losses in fat-free mass 

(Redman, et al., 2007). These conclusions emphasized the need for further research into 

calorie restriction, based on REE, which preserves fat-free mass while promoting fat 

mass loss. Adjusting for variations in energy expenditure during weight loss could 

potentially avoid weight loss plateaus and preserve fat-free mass.     

Problem Statement 

 Studies have investigated body composition and energy expenditure and their 

effects on each other as well as effects from caloric restriction during weight loss. A 

need for continued investigation into adjusting for changing energy needs based on 

changing composition -and vice versa- while concurrently changing with caloric 
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restriction to potentially help with weight loss still existed. This research was used to 

distinguish if there was a diet determined by resting energy needs that could actually 

maintain fat-free mass while still promoting fat mass loss. This research monitored if 

adjusting caloric intake established by changing energy expenditure could potentially 

avoid plateaus in weight loss. The purpose of the planned study was to dissect changes 

in body composition and resting energy expenditure of study participants instructed to 

maintain a caloric restriction at 90% of REE that was adjusted at each REE measurement 

during a six month period.   

Rationale 

 Examining the variations of fat mass, fat-free mass, and energy expenditure 

potentially could assist in multiple factors of weight loss. Caloric intake 

recommendations could be adjusted to accommodate changing energy expenditure 

during weight loss. This could facilitate loss of fat-free mass and reduce plateaus during 

weight loss, ensuring continued success. Statistical analysis of these variables could also 

lead to a predictive equation of REE based on percentages of fat-free mass and fat mass. 

This equation could assist health care professionals who do not have access to indirect 

calorimetry equipment in estimating energy expenditure to assist with weight loss. 

Hypothesis 

1. Fat-free mass will remain stable over the 6 month period as caloric intake is 

adjusted to changing REE.  

2. Fat mass will decrease significantly over the 6 month period as a result of caloric 

restriction. 
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3. Rate of fat mass loss will remain consistent over the 6 month period as caloric 

intake is adjusted to changing REE.  

4. REE will decrease as fat mass decreases.  

5. Anthropometric changes will predict changes in REE during weight loss. 

Limitations  

Limitations in regards to the study consisted of: 

1. There is potential for missing data of subjects who may have missed 

appointments for body composition or indirect calorimetry measurements.  

2. Caloric intake and exercise were not recorded for subjects and, therefore, were 

not analyzed. 

3. Height was reported by subjects and was not confirmed through measurement.  

4. At a minimum, all subjects were advised to consume 1200 calories per day. Thus, 

those subjects who measured ≤ 1200 calories for REE were not encouraged to 

maintain 90% of REE.  

Assumptions  

Assumptions presumed during the study included: 

1. Subjects were compliant in maintaining a daily caloric intake equivalent to 90% 

of REE and staying above 80% of REE. 

2. Instruments for measuring body composition and resting energy expenditure 

were accurate and reliable. 

3. All measurements were documented correctly in subjects’ files.  
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4. All subjects in the study completed 6 consecutive months of the weight loss 

program at Target Metabolism.                     

Definitions 

To ensure proper understanding of all terms used in the study, noteworthy 

definitions are as follows: 

1. Resting Energy Expenditure: Total numbers of calories an individual burns at day 

at rest ("REEVUE Indirect Calorimeter," 2010). 

2. Indirect Calorimetry: Measurement of oxygen uptake (VO2) that can be 

calculated into resting energy expenditure based on the fact that the burning of 

1 calorie necessitates 208.06 millimeters of oxygen ("Indirect Calorimetery," 

2010). 

3. Fat Mass: Division of the body consisting of fat only ("Body composition and 

Metabolism: Air Displacement Plethysmography," 2010).  

4. Fat-Free Mass: Division of the body consisting of water, bone, non-bone mineral, 

and protein ("Body composition and Metabolism: Air Displacement 

Plethysmography," 2010).  

5. Air Displacement Plethysmography: A device that differentiates total body 

weight into fat-free mass and fat mass ("Body composition and Metabolism: Air 

Displacement Plethysmography," 2010).  

6. Overweight: Having a body mass index (BMI) between 25.0 and 29.9 ("Obesity 

and Overweight for Professionals: Defining | DNPAO | CDC," 2009) 



6 
 

 

7. Obesity Having a BMI of between 30.0 and 39.9 ("Obesity and Overweight for 

Professionals: Defining | DNPAO | CDC," 2009).  

8. Morbid Obesity Having a BMI of greater than 40.0 ("Body mass index: 

MedlinePlus Medical Encyclopedia," 2008).  

Summary 

 As more people are overweight, discovering effective methods of weight loss is 

essential. Change in body composition and energy needs during weight loss makes 

determining the most effective method difficult.  Further research into adjusting caloric 

intake for alterations in body composition and energy expenditure was needed to assist 

in avoiding plateaus in weight loss and preserving fat-free mass.  

 



 

 

Chapter 2 - Literature Review 

 

Trends in Obesity 

Obesity is a worldwide epidemic that has had a major impact not only in 

industrial countries, but developing ones as well.  The World Health Organization (WHO) 

estimates that 1 billion out of nearly 6.8 billion people are overweight and, of those, 300 

million are considered obese (Puska, Nishidia, & Porter, 2003).  These staggering 

statistics are not a new phenomenon and, more importantly, reveal no signs of slowing 

down (Puska et al., 2003).  Areas of the Middle East, Europe China, Australia, and Great 

Britain have experienced tripling of obesity rates in adults since 1980, with rates 

continuing to soar (Puska et al., 2003). These trends not only affect the waist lines of 

populations around the world, but increase the risks for developing cardiovascular 

disease, type 2 diabetes, and hypertension (“Clinical Guidelines on the Identification, 

Evaluation, and Treatment of Overweight and Obese Adults,” 1998).  

The United States leads the world in obesity rates.  More than 72 million people 

in the United States, 33% of men and 35% of women, are obese (Ogden et al., 2006).  

This general statistic is somewhat deceiving, as it hides the disparity of obesity rates 

among races.  A breakdown of the three major ethnicities in the United States indicates 

that 39.2% of African Americans, 29.4% of Hispanics, and 21.8% of Caucasian women 

are obese. Similar, although less dramatic, trends are seen in men, with higher rates of 
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obesity among African American (31.6%) and Hispanic (27.8%) men compared to 

Caucasian men (25.4%).  ("Differences in Prevalence of Obesity Among Black, White, and 

Hispanic Adults --- United States, 2006--2008," last reviewed: 7/16/2009). These 

statistics express that while many Americans are obese, the minority population is 

confronted by a larger obesity crisis than Caucasians.  

 Children are not isolated from this global obesity trend. WHO estimated that 22 

million children five years and younger were diagnosed with being overweight in 2007 

and, like adults, this appears to be an increasing trend ("Childhood overweight and 

obesity," 2009).  In the United States, children aged 2-5 years have obesity rates of 

12.4%, while those aged 6-11 years have rates of 17%.  Children aged between 12-19 

years have the highest rates of obesity –17.6%.  Similar to minority adults, African 

American and Hispanic children are more likely to be obese than their non-Hispanic, 

White counterparts.  The disparity between ethnicities emphasizes the necessity to 

hone in on obesity not only in American children in general, but to develop programs 

specifically for minority children.  

Potential Causes for Obesity. The obesity epidemic that adults and children face 

is caused by a variety of factors that result in an imbalance between energy intake and 

energy expenditure.  Decreased activity is a major contributor to the imbalance.  

According to WHO, only 40% of the world population meets the recommended 30 

minutes of daily exercise to stay fit (Puska, Benhaziza, & Porter, 2003).  Americans 

numbers are even lower; an estimated 31% of adults in the U.S. engage in at least 30 

minutes of exercise per day ("Physical Inactivity, Overweight and Obesity," 2010).  The 
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tendency to be inactive is believed to start in childhood when both good and bad habits 

start to form (Pietilainen et al., 2008).  Inactivity in adolescence not only contributes to 

obesity in childhood, but can also be a major factor in the development of adult obesity 

(Pietilainen et al., 2008).  Pietilainen and colleagues (2008) discovered that if children 

were inactive during adolescence, it enhanced the probability they would be inactive as 

adults.  The authors also noted that once adults became obese, they were less likely to 

become active; this decreased energy expenditure led to more weight gain (2008).  For 

these reasons, inactivity is highly correlated with being overweight and obese 

(Pietilainen et al., 2008).   

Decreased energy expenditure is one explanation for the imbalance between 

energy intake and energy expenditure. Another is increased energy intake, better 

known as an increase in calories consumed. According to the Centers for Disease Control 

and Prevention (CDC), in the last 30 years, calorie consumption has increased in both 

men and women (2450 to 2618 and 1542 to 1877 calories, respectively  ("Trends in 

Intake of Energy and Macronutrients --- United States, 1971--2000," 2004).  This 

translates to a 7% increase in calorie consumption among men and a 22% increase 

among women.  Increased energy intake has been facilitated by increased portions sizes 

at home and in restaurants.  During the 1970’s, the trend of increasing serving sizes 

started in American homes and restaurants.   A study done by Nielsen and Popkin (2003) 

reported that it was during this time portion sizes had started to increase to the servings 

Americans are used to today at home and at restaurants.  For example, from 1978 to 

1996, the average portion sizes of soft drinks and hamburgers eaten at home increased 
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4.8% and 2.7%, respectively (Nielsen & Popkin, 2003).  The study also encountered that 

fast food staples of French fries and cheeseburgers increased 1.2% and 1.4%, 

respectively (Nielsen & Popkin, 2003). As portions sizes grew in homes and restaurants, 

it likely facilitated an increase in energy intake in American diets.  

As energy intake increased as a result of larger portion sizes, so too did the 

number of meals eaten out by Americans.  A study by Kant and Graubard (2004) 

observed that the average number of meals that Americans ate out had increased 

during 1987 to 2000. The population was divided into categories based on how many 

times per week one would eat out - none, three times per week, and six or more times 

per week. The number of people who did not eat out during the week decreased 4.2%, 

expressing that more people relied on dining out as a meal option in 2000 than they did 

in 1987. The percentage of people eating out three times per week increased 2.3% and 

the percentage of those eating out six or more times per week increased 2.7% from 

1987 to 2000. The increased rates seem insignificant, but when factored with the 

increased portion size, it compounds considerably into extra calories. For example, the 

increased portion sizes in 2000 compared to 1987 added an extra 657 calories each 

week to those who ate out three times per week.   Over the course of a year, this is an 

extra 34,164 calories or an extra 10 pounds on the scale (Kant & Graubard, 2004).  

Health Care Cost of Obesity. The added calories and reduced activity result in 

extra pounds that hinder the body physically, thereby decreasing well-being.  Being 

overweight or obese increases the risk for a number of common chronic diseases, e.g. 

heart disease, hypertension, stroke, and type 2 diabetes (“Clinical Guidelines on the 
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Identification, Evaluation and Treatment of Overweight and Obese Adults,” 1998).  In 

addition, extra body fat is also associated with increased health risk, such as colon and 

breast cancer, sleep apnea, infertility, and osteoarthritis ("Clinical Guidelines on the 

Identification, Evaluation, and Treatment of Overweight and Obese Adults," 1998).  

Medical costs associated with being overweight and obese are enormous, estimated at 

51-78 billion dollars per year ("Economic Consequences," 2009).   

Effective Weight Loss Strategies 

The demand for weight loss products by the American public has created a 

billion-dollar industry for weight loss devices (Cleland, Gross, Koss, Daynard, & Muoio, 

2002).  In addition to the previous exemplified medical spending, people also purchase 

weight loss products to avoid more medical issues in the future. It is estimated that in 

2000 alone, $35 billion was spent on weight loss tools, including self help books, work 

out tapes, specialized food, and supplements (Cleland et al., 2002).  Between medical 

costs and purchasing products for weight loss, the costs of obesity are staggering. While 

choices are endless for weight loss tools, the majority of options fall into one of two 

categories: diet and exercise.  

Diet. The list of available diets, fad and legitimate, is lengthy, but there are diets 

that have been studied and demonstrated success.  Among current diets, the most 

popular are ones that manipulate specific macronutrients ( e.g. carbohydrates) and 

reduce calories (Klem, Wing, McGuire, Seagle, & Hill, 1997).  Calorie reduction is quite 

simple. A reduction of calories consumed below needs results in the mobilization of 

stored fat for energy with subsequent weight loss. While calorie reduction is one of the 
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most known diets, recent headline have focused on diets that manipulate 

macronutrients.  Altering macronutrients is the goal for popular diets such as Atkins 

(low-carbohydrate, high-protein) (Shai et al., 2008), the DASH diet (high-carbohydrate, 

low-fat) (The DASH diet, 1997), and the South Beach diet (low-fat, low glycemic index 

carbohydrates) (Lara-Castro, C. & Garvey, W.T., 2004).  Regardless of method, 

macronutrient-altered and calorie-restricted diets are aimed at reduction in fat mass 

that will, in turn, decrease total body mass.  

The availability of numerous diets to consumers creates a dilemma in making a 

decision for a weight loss method.  Kerksick et al. (2009) compared outcomes of four 

weight loss diets in combination with exercise among 161 obese, pre-menopausal 

women over a 14-week period.  Three of the diets were restricted in calories (1200 

kcal/day), but varied in macronutrient distribution - very low carbohydrate with high 

protein, low carbohydrate with moderate protein, and high carbohydrate with low 

protein.  The fourth diet was high in calories (2600 kcal) and carbohydrates with low 

protein.  The authors reported that participants following all calorie-restricted diets lost 

significant and similar fat mass and fat-free mass, except during the last week of the 14-

week period, when the very-low-carbohydrate diet had a significantly larger decrease in 

fat mass.  No significant losses occurred in the high-calorie diet. Kerksick (2009) 

concluded that caloric restriction with exercise provides substantial improvements to 

body composition and weight loss. Volek et al. (2004) also researched the effects of 

altering macronutrient distribution on weight loss. Over a three-week period, 28 

participants were randomized into two groups; the first received a low-carbohydrate 
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diet, while the second received a low-fat diet.  In both groups, the caloric prescription 

was derived from measuring REE and then reducing calories by 500.  Volek et al. (2004) 

observed that while the low-carbohydrate diet, in both men and women, produced a 

significantly greater reduction in the fat mass compared to the low-fat diet, the effect 

was more pronounced in men.  The authors suggested that the low-carbohydrate diet, 

when compared to the low-fat diet, was superior for weight loss.  Thus, the results of 

both studies suggest caloric restriction, in conjunction with macronutrient modification, 

produces significant fat mass losses.  

Exercise. Changing one’s diet is usually the first step to achieving weight loss, 

with the succeeding step usually being the addition of exercise to aid weight loss. 

Exercise, especially when combined with diet, has been determined to accelerate fat 

mass loss while maintaining fat-free mass (Amati, Dube, Shay, & Goodpaster, 2008).  In 

addition to its role in promoting effective weight loss, exercise also contributes to 

cardiovascular health by promoting  optimal oxygenation of cardiac  tissue, lowering 

cholesterol, and improving overall strength of the heart (Fletcher et al., 1996).   

Various activities can be considered as exercise.  Exercise can range from walking 

around the block to running five miles. From a weight loss perspective, the main goal for 

adding exercise is expending extra calories during calorie restriction.  The more intense 

an exercise, the more calories are expended during a time period.  For example, a slow 

30 minute walk around the block would result in expenditure of 68 calories for the 

average 150 pound person, while a 30 minutes run would expend 317 calories.  

According to the American Heart Association (AHA), one should perform activities that 



14 
 

 

include movements that use large muscles of the body, i.e. one’s legs, three to six times 

per week for 30 to 60 minutes, to receive the health benefits from exercise.  The type of 

activity chosen should be centered on the capabilities of the person to avoid potential 

injury to the body or overexertion.  Regardless of personal physical stamina, there are 

many activities one could accomplish to receive the health benefits of exercise (Fletcher, 

et al., 1996).   

Combination of Diet and Exercise. The combination of exercise and diet is one of 

the more popular choices used to aid in weight loss.  In fact, a study of the National 

Weight Control Registry (NWCR), a collection of volunteers who have lost 30 or more 

pounds and maintained the loss for more than one year, indicated that 89% of 

participants chose both diet and exercise as their primary weight loss tools (Klem, et al., 

1997).  However, studies examining the effectiveness of this combination have reported 

conflicting results. Kerksick and colleagues (2009), in an observational study of members 

of Curves, a fitness and weight loss facility, noted that exercise with caloric restriction 

resulted in a larger weight loss and improved measures of body composition than caloric 

restriction alone.  In general, though, other studies have observed a similar loss in fat 

mass among participants following a calorie-restrictive diet versus a calorie-restrictive 

diet combined with exercise (Larson-Meyer, Redman, Heilbronn, Martin, & Ravussin, 

2010; Redman et al., 2007). Improved cardiovascular health, i.e. lower cholesterol and 

improved cardiovascular fitness, was observed in participants with diet and exercise 

only (Kerksick, et al., 2009; Larson-Meyer, et al., 2010; Redman, et al., 2007).  The 
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contradiction in studies illustrates that exercise does not assure additional weight loss 

when combined with caloric restriction. 

Although there are inconsistencies in studies that investigate the combination of 

diet and exercise, one consensus that has established is that both can be used to create 

a caloric deficit.  Using exercise alone would be a considerable undertaking.  To put it 

into perspective, if one were to exercise only for weight loss, it would take two hours 

per day for women and an hour and a half for men to create a 25% energy deficit 

(Redman, et al., 2007).  This would be a difficult task for most people to undertake and 

could be the reason why only 1% of the NWCR participants utilized exercise alone as 

their means of weight loss (Klem, et al., 1997). 

Weight Loss Surgery. Diet and exercise together is the most common way to lose 

weight, but there are those who choose the more drastic option of surgery to lose 

weight.  Weight loss surgery usually becomes an option for the morbidly obese (having a 

body mass index (BMI) greater than 40.0) after many failed attempts at weight loss.  

Weight loss surgeries can either be restrictive surgeries or malabsorptive/restrictive 

surgeries.  Restrictive surgeries resize the stomach into a smaller pouch, therefore 

restricting capacity.  The smaller stomach size results in reduced food intake and weight 

loss.  In malabsorptive/restrictive surgeries, not only is the stomach resized, but 

portions of the digestive tract are removed to reduce macronutrient absorption.  This 

procedure is much more invasive and carries higher risk than restrictive surgeries alone. 

("Bariatric Surgery for Severe Obesity," 2009) While both surgeries do carry risks, they 

produce rapid weight loss in the hopes of improving the health of the morbidly obese.  
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One type of weight loss surgery that is becoming increasingly popular is gastric 

bypass surgery, a malabsorptive/restrictive surgery.  Typically, gastric bypass is 

considered for those who are morbidly obese ("Bariatric Surgery for Severe Obesity," 

2009).  Between 1998 and 2002, the number of people undergoing gastric bypass 

surgery increased from 14,000 to 82,600.  Although the rates of obesity in men and 

women are similar, approximately 80% of those opting for surgery were women (Smoot, 

Xu, Hilsenrath, Kuppersmith, & Singh, 2006).  The demand  for gastric bypass appears to 

come from the quick outcomes resulting from surgery;  the average patient lost 25% of 

total body mass within the first year alone (Bond, Phelan, Leahey, Hill, & Wing, 2009).  

One study reported that people could continue to lose up to one-third of total body 

mass four years after surgery (Maggard et al., 2005).  This magnitude of weight loss has 

potentially propelled the number of patients opting for gastric bypass over diet and/or 

exercise. 

Long Term Success. There are a multitude of studies that identify successful 

methods of weight loss, but relatively few studies address the maintenance of weight 

loss. Of the small number of studies that examined maintenance, most suggest some 

weight will be regained, regardless of the chosen weight loss method.  Bond et al. (2009) 

compared weight loss maintenance rates of those opting for surgery versus dieting 

during two years and distinguished that both groups gained about 4.4 pounds both 

years, while maintaining a majority of their weight loss.  Another study inspecting 

weight loss maintenance noticed that 65.7% of NWCR participants gained weight within 

the first year of following a weight loss. The majority of weight gain was only modest (1 - 
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5% of lowest body weight), but there were outliers who gained significantly more 

(between 6 - 20% of lowest body weight). (Phelan, Hill, Lang, Dibello, & Wing, 2003) 

While participants in both studies maintained a large percentage of their weight loss, 

these weight gains demonstrate the complexity of maintaining weight loss, even one to 

two years after initial loss.  

Physiological Changes of Weight Loss 

Regardless of how weight is lost, weight reduction results in changing of body 

composition. Shifting ratios of fat mass and fat-free mass to total body weight and 

caloric intake subsequently change the energy requirements for the body. Finding the 

optimal method of weight loss based on changing energy needs, which result from 

altering body composition, continues to be a subject of great debate.  

Energy Needs: Impact of Caloric Intake. Energy expenditure fluctuates as caloric 

intake changes.  Studies have revealed that caloric restriction can actually decrease 

resting energy expenditure as the body adapts to a lower usual intake of food (Kerksick, 

et al., 2009; Leibel, Rosenbaum, & Hirsch, 1995; Redman et al., 2009).  A study by 

Kerksick et al. (2009) observed 161 sedentary, obese pre-menopausal women during a 

six-week time frame when calorie consumption varied.  The six weeks were divided into 

three two-week intervals; during the first two weeks, calories were reduced to 1200 

calories per day, then increased to 1600 and 1800 calories per day at the second and 

third two-week intervals, respectively. As expected, the initial reduction in calories  

produced a corresponding decrease in energy expenditure, but the later increase in 

energy intake elevated energy expenditure (Kerksick, et al., 2009).  Volek et al. (2004) 
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also concluded during their study of 28 obese men and women that, regardless of type 

of diet (low-carbohydrate versus low-fat), subjects experienced a significant decline in 

REE when caloric intake was restricted. Similar to fat mass and fat-free mass, changes in 

energy expenditure based on differentiating caloric intake should be monitored to 

ensure avoidance of plateaus in weight loss.  

Energy Needs: Impact of Caloric Restriction With and Without Exercise. A 

number of studies have examined the impact of decreasing energy intake and exercise 

and the combination of both on body composition. A study by Frimel et al. (2008) 

compared caloric restriction (approximate decrease of 750 calories) versus the same 

caloric restriction plus exercise (90 minute sessions 3 times/week) in 30 obese older 

adults over six months.  They detected that both weight loss methods produced similar 

fat mass reductions - approximately seven pounds.  Both groups also experienced a 

decrease in fat-free mass. However, the caloric restriction plus exercise group lost 

significantly less fat-free mass (1.8 pounds) than the caloric restriction group (3.5 

pounds)- (Frimel et al., 2008).  Redman et al. (2007), on the other hand, encountered 

different results in a weight loss study of 36 overweight men and women over a six-

month period. Participants were randomized to either an exercise (5 days/week) and 

diet group or a diet only group. Both groups had the mutual goal of creating a caloric 

deficit of 25% of REE.  When compared to baseline after six months, Redman (2007) 

noticed, in both groups, corresponding significant reductions in both fat mass 

(approximately 13 pounds) and fat-free mass (approximately 5 pounds). The combined 

findings of these studies suggest that fat mass loss can be significant through calorie 
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restriction alone and that exercise does not necessarily prevent loss of fat-free mass.  It 

also highlights the need to research a calorie restriction based on energy needs that 

preserves fat-free mass while promoting fat mass loss.  

Energy Needs: Impact of Body Composition. Energy needs are largely based on 

the amounts of fat-free mass and fat mass in the body (Douglas et al., 2007; Leibel, et 

al., 1995).  As body composition changes, through gains/losses in fat mass and fat-free 

mass, caloric needs also change.  In a study done by Leibel et al. (1995), both obese and 

non-obese participants were assigned to either a 10 percent increase or decrease in 

baseline weight, followed by maintenance of the new weight for 14 days.  Leibel et al. 

(1995) detected that an increase or decrease in baseline weight corresponded with a 

16% increase or 15% decrease, respectively, in REE in both groups. Similar findings were 

reported by Lien et al. (2009), who noted lowered REE in 27 obese adults following 

significant weight loss and an increase in energy needs after the same participants 

gained a significant amount of weight back. These studies highlight the fluctuating 

nature of REE based on fat mass and fat-free mass, suggesting the potential to monitor 

and adjust REE during weight loss to avoid weight loss plateaus.  

Total body mass influences energy expenditure related to its two components, 

fat mass and fat-free mass. Studies have honed in on the fact that fat-free mass is the 

larger determinant of the two on influencing resting energy expenditure (Cunningham, 

1991; Illner, et al., 2000; Wang et al., 2000). Separately, Illner et al. (2000) and 

Cunningham (1991) concluded that fat-free mass dictated 85% of resting energy 

expenditure variance and was the major factor in determining REE. Fat mass is often 
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overlooked as a variant in determining energy needs because of its inferior outcome to 

fat-free mass. However, Bosy-Westphal et al. (2009) determined that percentage of 

body fat does play a varying role in determining REE. Using linear regression, Bosy-

Westphal et al. (2009) categorized 1306 women that had indirect calorimetry and body 

composition measured, into five groups based on body fat percentage - ≤10, >10--≤30, 

>30--≤40, >40--≤50, and >50. When body fat percentage was factored into measured 

REE, it was recognized that the role of fat mass in energy needs amplified as the 

percentage of body fat increased up until >40%.  At >40%, the effect regressed as body 

fat increased (Bosy-Westphal, et al., 2009). The latter study suggests that while fat-free 

mass does play a larger role in defining REE, fat mass variance might play a larger role 

than previously thought. This could affect energy expenditure, especially during weight 

loss as fat mass declined.   

Summary 

Studies have investigated body composition and energy expenditure and their 

effects on each other and from external factors, such as caloric restriction during weight 

loss. There was a need for continued investigation into adjusting for changing energy 

needs based on changing composition during caloric restriction.  Ideally, adjustments in 

caloric intake could maintain fat-free mass, promote fat loss, and avoid plateaus in 

weight loss. The purpose of the current study was to analyze changes in body 

composition and REE of study participants instructed to maintain a caloric restriction of 

90% of REE, with adjustment at each resting energy expenditure measurement.  It was 

hypothesized that fat mass loss would be significant and the rate of this loss would 
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remain constant throughout the 6-month study period. It was also hypothesized that 

fat-free mass would stay stable, resting energy expenditure would decrease as overall 

weight decreased, and anthropometric changes would predict changes in REE during 

weight loss.    

 

 



 

 

 

Chapter 3 - Methodology 

 

Previously collected data was analyzed to discern if adjusting for changes in 

resting energy expenditure during weight loss would avoid plateaus and preserve fat-

free mass. Previously collected data was amassed from anonymous clients of a weight 

loss facility that used indirect calorimetry and body composition testing via air 

displacement plethysmography to assist in weight loss. The data received was 

considered a sample of convenience.  

Sample 

 Data was acquired from clients of Target Metabolism, a weight loss facility in 

Avon, Indiana. Target Metabolism implements an initial six-month program for weight 

loss where clients receive fortnightly air displacement plethysmography measurements 

and indirect calorimetry every 12 weeks.  During each 2 week interval, clients tracked 

calorie consumption.  In addition, clients completed goals aimed at changing negative 

behaviors that could lead to increased caloric intake. Clients met with a Registered 

Dietitian (RD) or trained weight loss coach after each air displacement plethysmography. 

During the meeting, clients received feedback on caloric intake (i.e. maintain, increase, 

or decrease), discussed progress toward behavior goals, and were given an opportunity 

to ask questions related to weight loss. If clients completed a behavior goal, they earned 

a 20 minute massage as a reward. 
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Clients were given guidelines to maintain a diet 90% of REE with encouragement 

to stay above 80% REE. Clients had the opportunity to continue this program if desired 

weight loss was not achieved during the primary six-month interval. Data obtained was 

from clients that had completed the initial program and wished to remain for an 

additional three months. However, client data past the initial six months was lacking in 

completeness; therefore, figures for each client consisted of six consecutive months of 

fortnightly air displacement plethysmography testing and quarterly measurements of 

indirect calorimetry.  

Instrument 

 Target Metabolism utilized indirect calorimeter and body composition testing as 

the primary devices for weight loss. Indirect calorimetry was performed by a “ReeVue” 

indirect calorimeter (Korr Medical Technologies, Salt Lake City, Utah) that operated with 

±2% accuracy of resting energy expenditure. In an unpublished validation conducted by 

Korr Medical Techonologies, this indirect calorimeter produced REE values that were 

comparable to  metabolic carts used in hospital settings ("REEVUE Specifications," 

2010).  

 Measurement of body composition via air displacement plethysmography 

provided results for the following - total body mass, fat-free mass, fat mass, body fat 

percentage, and fat-free mass percentage. Air displacement plethysmography has been 

confirmed by studies to be accurate and reliable when making the distinction between 

fat-free mass and fat mass within total body mass (Davis et al., 2007; McCrory, Gomez, 

Bernauer, & Mole, 1995). Davis et al. (2007) concluded that air displacement 
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plethysmography’s test-retest reliability was .966 and .948 in males and females, 

respectively, and accuracy varied  approximately ±2% in body fat (Davis et al., 2007).  

Collection of Data 

 Since historical data from Target Metabolism was utilized, the study protocol 

was reviewed and approved by the Institutional Review Board of Ball State University.  

This was performed to ensure compliance of all ethical issues and regulations for 

protection of subjects.  

Prior to receipt of the data by the researcher from Target Metabolism, all 

identifying information was removed from data files to ensure subject anonymity. Data 

available for analysis included subjects’ gender, age, fortnightly measurements of body 

composition from week 1 through week 25, and measurements of REE at weeks 1, 13 

and 25.  Time period one was defined as weeks 1 through 13 while time period two was 

defined as 13 through 25. 

Statistical Procedures 

Statistical analysis was completed using the computer software SPSS (Statistical 

Package for the Social Sciences version 17.0; SPSS Inc., Chicago, IL, USA). The 

significance level was set at p ≤ .05. Repeated measures of analysis of variance (ANOVA) 

were utilized to compare absolute values and changes in fat mass, fat-free mass, total 

body mass, body fat percentage, and resting energy expenditure.  Mauchly’s Test of 

Sphericity was utilized to evaluate variances of repeated measures ANOVA; adjustments 

were made as necessary using the Greenhouse-Geisser correction.  Within the repeated 
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measures ANOVA, one participant was missing REE data at week 25; thus, REE data from 

week 23 was carried forward to complete the data set.  

Linear regression analysis was employed to develop a equation to determine 

resting energy expenditure based on measurements of fat-free mass, fat mass and age 

at baseline.  Predicted REEs were calculated from this equation using measurements of 

fat-free mass and fat mass at weeks 13 and 25.  Paired t-tests then compared predicted 

REE to measured REE at these two time points. 

Institutional Review Board 

The Institutional Review Board of Ball State University provided an exempt 

approval for this study. This was on the basis that information gathered was historical 

data that had been previously collected and that anonymity was maintained. 

Summary 

 Air displacement plethysmography and indirect calorimetry measurements from 

clients at Target Metabolism of Avon, Indiana, were collected to analyze results of body 

composition and REE. Variables of the study included gender, age, total body mass, fat-

free mass, fat mass, body fat percentage, measured REE and predicted REE. Specifically, 

anthropometric data was collected fortnightly from weeks 1 to 25, and REE was 

measured at weeks 1, 13 and 25.  Linear regression and repeated measures ANOVA 

served as statistical tests to compare measured to predicted changes in REE and to 

distinguish differences in variables over time, respectively.  

 

 



 
 

 

 

 

Chapter 4 - Results 

 

                   The original sample consisted of 89 subjects (men n=20, women n=69); 

however, due to the limited number of male participants, males were excluded from 

statistical analysis. Female subjects had an average age of 45 ± 11.1 years and average 

height of 65 ± 2.4 inches at baseline.  

Total Body Mass Changes 

 Average total body mass at baseline (209.0 ± 53.0 lb) was significantly higher 

than week 13 (197.4 ± 51.0 lb) (p≤.000) and week 25 (191.8 ± 50.3 lb) (p≤.000) (Table 1). 

Average total body mass was also significantly lower at week 25 compared to week 13 

(p≤.000).  During time period one, an average of  11.6 ± 7.8 lb was lost, which was 

significantly more than during the second time period, 5.6 ± 8.5 lb (p≤.000) (Table 2). 

There was a statistically significant difference in fortnightly weight loss for subjects 

during time period one (1.9 ± 1.3 lb/two weeks) and time period two (0.9 ± 1.4 lb/two 

weeks) (p≤.000) (Table 2). 

Fat-Free Mass Changes 

 Subjects did not have significant fat-free mass differences at baseline (104.4 ± 

16.1 lb), and weeks 13 (104.0 ± 15.5 lb) and 25 (103.9 ± 15.4 lb) (p≥.05) (Table 1). The 

hypothesis that fat-free mass would remain stable was accepted.  
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Table 1   
 
Body Composition and Resting Energy Expenditure at Baseline, Week 13 and Week 25  
for All Subjects  
 

  Baseline   Week 13   Week 25   

Weight (Pounds) 209.0 ± 53.0a   197.4 ± 51.0b    191.8 ± 50.3c    

              

Fat-Free Mass (Pounds) 104.4 ± 16.1a   104.0 ± 15.5a    103.9 ± 15.4a    

              

Fat Mass (Pounds) 104.5± 40.6a    93.4 ± 39.3b    87.8 ± 38.8c    

              

Body Fat (Percentage) 48.5 ± 7.6a    45.6 ± 8.4b    44.0 ± 8.6c    

              
Resting Energy 
Expenditure (Calories) 

1701.1 ± 351.7a 1576.3 ± 313.6b 1579.4 ± 335.7b   

Identical letters after values for each time of each variable indicate no significance 
between times.  
Ascending letters after values for each time of each variable indicate significance 
between times.  
n=69 
Values shown are means ± SD.  
p = .000. 
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       Table 2 
 
Comparison of Body Composition Changes Over Time Periods 1 and 2 for All 
Subjects 
 

  –Time Period 1 –Time Period 2 

Weight (Pounds)     

Two Week Weight Change 1.9 ± 1.3 0.9 ± 1.4a 

Time Period Weight Change 11.6 ± 7.8 5.6 ± 8.5a 

Fat-Free Mass (Pounds)     

Two Week Fat Free Mass Change 0.5 ± 5.7  0.0 ± 0.4 

Time Period Fat Free Mass Change 0.5 ± 3.0  0.0 ± 2.1 

Fat Mass (Pounds)     

Two Week Fat Mass Change 1.9 ± 1.2 0.9 ± 1.3a 

Time Period Fat Mass Change 11.1 ±7.0 5.6 ± 7.9a 

n= 69 
Values shown are means ± SD.  
a  Significantly different from time period 1, p = .000. 
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Fat Mass and Body Fat Percentage Changes 

 Average fat mass at weeks 13 (93.4 ± 39.3 lb) and 25 (87.8 ± 38.8 lb), were 

significantly lower than baseline (104.5± 40.6 lb) (p≤.000) (Table 1).  The decrease in 

total fat mass significantly reduced average body fat percentage from 48.5 ± 7.6% at 

baseline to 45.6 ± 8.4% and 44.0 ± 8.6% at weeks 13 and 25, respectively (p≤.000) (Table 

1).  Average fat mass at week 25 was also significantly lower than week 13 (p≤.000). 

Total fat mass loss during time period one (11.1 ±7.0 lb) was significantly higher than 

during time period two (5.6 ± 7.9 lb) (p≤.000) (Table 2). An average of 1.9 ± 1.2 lb/ two 

weeks was lost during the first time period, which was significantly greater than during 

time period two at 0.9 ± 1.3 lb/two weeks (p≤.000) (Table 2). The hypothesis that fat 

mass loss would be significant was accepted, but the hypothesis that fat mass loss 

would remain consistent was rejected.   

Resting Energy Expenditure Changes 

 REE was significantly higher at baseline (1701.1 ± 351.7 kcal) compared to weeks 

13 (1576.3 ± 313.6 kcal) and 25 (1579.4 ± 335.7 kcal) (p≤.000), but weeks 13 and 25 

were similar to one another (p≥.05) (Table 1). The hypothesis that REE would decrease 

as fat mass decreased was accepted.  

Comparison of Measured and Predicted Energy Expenditure 

 Based on subjects’ fat mass and fat-free mass at baseline, an REE equation was 

developed to predict REE in subjects at weeks 13 and 25. When compared to predicted 

REE at weeks 13 (1671.3 ± 254.7 kcal) and 25 (1658.5 ± 252.4 kcal), measured REE was 

significantly lower (1576.3 ± 313.6 kcal and 1579.4 ± 335.7 kcal, respectively) (p≤.000) 
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(Table 3).  The hypothesis that anthropometric changes would predict changes in REE 

during weight loss was rejected. 
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Table 3   
 
Comparison of Measured and Predicted Resting Energy Expenditure  
During Weight Loss for All Subjects 
 

  Measured REE Predicted REE 

Week 13 (Calories) 1576.3 ± 313.6 1671.3 ± 254.7* 

Week 25 (Calories) 1579.4 ± 335.7 1658.5 ± 252.4* 

Predicted REE based on subjects fat mass, fat-free mass, and age at baseline.  
n=69 

Values shown are means ± SD.  
* Significantly different from Measured REE, p = .000. 

  



 

 

 

Chapter 5 - Discussion 

 

Limitations 

 Although the current study had many strengths, such as extensive body 

composition and REE measurements and overall sample size, the lack of data from 

males and the six month study period created limitations for the study. These 

limitations restricted the potential findings regarding differences by gender and the long 

term success of the program. Other limitations of the study included lack of subject 

documentation for daily calories consumed and exercise performed during the study 

time.  

Total Body Mass Changes 

 Subjects for this study lost significant amounts of total body mass consuming a 

diet encouraged to be at 90% of REE. Subjects lost 11.6 lbs and 5.6 lbs in time periods 

one and two, respectively, for an approximate total body mass loss of 17.2 lbs.  A study 

completed by Sweeney, Hill, Heller, Baney, and Digirolamo (1993)  had female subjects 

consume a diet for six months of either 40% of total daily energy expenditure (TDEE) 

(56% REE) or 70% TDEE (98% of REE) with either aerobic exercise or circuit weight 

training. Results were similar to the current study, with larger losses in the first three 

months of treatment – 23.4 lb (40% TDEE) versus 17.8 lb (70% TDEE) – and total losses 

of 33.2 lb and 23.8 lb in the respective groups. Exercise, regardless of condition, did not 
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have a significant effect on total body mass loss during entire weight loss period (1993). 

Redman et al. (2007 & 2009) in two separate studies had female subjects achieve a 25% 

deficit in TDEE through a combination of diet (12.5%) and exercise (12.5%) or diet alone 

for six months.  Similar to the current study, Redman et al. (2007 & 2009) reported 

similar total body mass losses with the diet only group losing 16.8 lb and 17.4 lb, 

respectively, and the diet plus exercise group losing 17.4 lb and 16.7 lb, respectively. 

Total body mass losses for all studies were comparable regardless of caloric prescription 

or exercise.  

Fat Mass Changes 

 In addition to significant loss of fat mass, subjects in the current study, with 

caloric intake encouraged at 90% of REE with adjustments for changing energy needs, 

experienced significant losses in fat mass, losing approximately 16.7 lb. In the study 

conducted by Sweeney et al. (1993), subjects in the 70% TDEE (98% of REE) group lost 

comparable amounts of fat mass (18.3 lb); again, exercise condition was not a factor in 

fat mass loss. In Redman et al.’s (2007) study, subjects with a 25% deficit in TDEE lost 

12.8 lb of fat mass with diet alone and 14.9 lb with diet and exercise. These results 

suggest that adjusting caloric prescription during weight loss does not accelerate fat 

mass loss.   

Fat-Free Mass Changes 

 Subjects in the current study did not experience significant fat-free mass loss 

during the six month study period. In contrast, studies by Sweeney et al. (1993) and 

Redman et al. (2007 & 2009) revealed significant fat-free mass losses over six month 
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periods. In Sweeney et al.’s study (1993), subjects in the 40% TDEE group lost 

significantly more fat-free mass (6.2 lb) than those in the 70% TDEE group (4.0 lb). 

Although exercise did not facilitate maintenance of baseline fat-free mass in the above-

mentioned studies, resistance training has been shown to assist with preservation of 

fat-free mass (Hunter, G. et al., 2008). It is unknown why the current study was able to 

protect baseline fat-free mass, but the intervening of the RD or weight loss coach at 

each two week interval could be a possibility. 

Changes in REE During Weight Loss 

 During the current study, subjects experienced a significant decline in REE from 

baseline (1701.1 kcal) to week 13 (1576.3 kcal), but weeks 13 and 25 (1579.4 kcal) were 

comparable.  Similar patterns in REE were reported by Redman et al. (2009) in subjects 

achieving 25% deficit of TDEE through diet alone, but not in those achieving the deficit 

through a combination of diet and exercise. An additional study by Sweeney et al. 

(1993) found all groups, those consuming 40% or 70% TDEE with and without exercise, 

experienced significant declines in REE during weight loss.  Finally, Leibel et al. (1995) 

examined changes in REE among subjects who experienced a 10% increase or decrease 

in total body mass from baseline. It was observed that subjects decreasing total body 

mass had a corresponding decrease in REE of approximately 15%; conversely, those who 

gained 10% in total body mass increased REE by approximately 16%. The results of these 

studies indicated that an increase or decrease in total body mass has concomitant 

change in REE, with the effects of exercise inconclusive.   
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Comparing Predicted REE and Measured REE 

The decrease in REE during weight loss is typically assumed to be due to change 

in body composition. However, in the current study, measured REE was significantly 

lower than predicted REE at weeks 13 (1576.3 kcal and 1671.3 kcal, respectively) and 25 

(1579.4 kcal and 1658.5 kcal, respectively).  Redman et al. (2009) experienced similar 

results in subjects creating a 25% deficit of TDEE through diet alone, but not in those 

through the combination of diet and exercise.  In addition, at month 3, subjects 

achieving the deficit through diet alone had a significantly lower measured REE versus 

predicted REE; however at month 6, these significant differences between measured 

REE and predicted REE were no longer observed (2009). Redman (2009) concluded that 

there was an adaptation of REE at month 3 during weight loss. In Leibel et al.’s (1995) 

comparison of measured REE to predicted REE in subjects following 10% and 20% 

weight loss, results were similar to the current study. Once weight had stabilized, 

measured REE in subjects who lost 10% of total body mass was approximately 300 kcal 

lower than predicted REE.   A subset of subjects whose weight stabilized after a 20% loss 

of total body mass shared similar results, with measured REE approximately 300 kcal 

below predicted REE.  From these results, Leibel et al. (1995) concluded that at 10% of 

initial body weight, subjects had achieved the maximum adaptation for REE.  

Interestingly, a metabolic adaptation was also observed in those with weight 

stabilization after increasing baseline total body weight by 10%. Measured REE was 

approximately 500 kcal greater than predicted REE (1995). Results of these studies 
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suggest that the body may adapt metabolically, either by lowering or increasing REE, in 

an attempt to return to baseline body weight.   

  



 
 

 

 

 

Chapter 6 - Conclusion 

 

 The purpose of this study was to analyze body composition and resting energy 

expenditure changes during weight loss in subjects encouraged to maintain a diet 

providing 90% of REE.  During the six month period, subjects significantly decreased 

total body mass (17.2 lb), with approximately 97% of this loss coming from fat mass. 

Although mechanisms were not clear, these results support the idea that fat-free mass 

can be preserved during significant losses of total body mass, which has not been seen 

in other studies.  It was also observed that measured REE was significantly lower than 

predicted REE (based on body composition), implying that there was a metabolic 

adaptation of subjects based on reduced caloric intake during their weight loss.  

 At this time, it is uncertain why fat-free mass remained stable and measured REE 

adapted based on reduced caloric intake. Future studies are needed to review these 

variables with the addition of specific caloric intake and exercise variables to determine 

if they work act alone or synergistically during weight loss. Future studies should also 

assess both males and females to better understand differences between them during 

weight loss. Research analyzing dietary composition is needed to observe if specific 

components of caloric intake impact weight loss. Research that extends past 6 months is 

also needed to quantify long term changes in body composition and energy expenditure 

during active weight loss and during weight stabilization.  



38 
 

References 
 

Amati, F., Dube, J. J., Shay, C., & Goodpaster, B. H. (2008). Separate and combined 
effects of exercise training and weight loss on exercise efficiency and substrate 
oxidation. Journal of Applied Physiology, 105(3), 825-831. doi: 
10.1152/japplphysiol.90384.2008. 

 
Bariatric surgery for severe obesity. (2009)  Retrieved March 4, 2010, from 

http://win.niddk.nih.gov/publications/gastric.htm. 
 
Body composition and metablism: Air displacement plethysmography. (2010)  Retrieved 

February 28, 2010, from 
http://www.bodpod.com/bodycomp/landingAirDisplacement. 

 
Body mass index: MedlinePlus medical encyclopedia. (2008)  Retrieved March 4, 2010, 

from http://www.nlm.nih.gov/medlineplus/ency/article/007196.htm. 
 
Bond, D. S., Phelan, S., Leahey, T. M., Hill, J. O., & Wing, R. R. (2009). Weight-loss 

maintenance in successful weight losers: surgical vs non-surgical methods. 
International Journal of Obesity, 33(1), 173-180. doi: 10.1038/ijo.2008.256. 

 
Bosy-Westphal, A., Muller, M. J., Boschmann, M., Klaus, S., Kreymann, G., Luhrmann, P. 

M., et al. (2009). Grade of adiposity affects the impact of fat mass on resting 
energy expenditure in women. British Journal of Nutrition, 101(4), 474-477. doi: 
10.1017/s0007114508020357. 

 
Childhood overweight and obesity. (2009)  Retrieved November 17, 2009, from 

http://www.who.int/dietphysicalactivity/childhood/en/. 
 
Cleland, R., Gross, W., Koss, L., Daynard, M., & Muoio, K. (2002). Weight loss advertising: 

An analysis of current trends (pp. 60): Federal Trade Commission. 
 
Clinical guidelines on the identification, evaluation, and treatment of overweight and 

Obese Adults. (1998). National Institutes of Health(98-4083).  
 
Cunningham, J. J. (1991). Body compostion as a determinant of energy expenditure. A 

synthetic review and a proposed general prediction equation. American Journal 
of Clinical Nutrition, 54(6), 963-969.  

 
Davis, J. A., Dorado, S., Keays, K. A., Reigel, K. A., Valencia, K. S., & Pham, P. H. (2007). 

Reliability and validity of the lung volume measurement made by the BOD POD 
body composition system. Clinical Physiology and Functional Imaging, 27(1), 42-
46. doi: 10.1111/j.1475-097X.2007.00713.x. 



39 
 

 

Differences in Prevalence of Obesity Among Black, White, and Hispanic Adults --- United 
States, 2006--2008. (last reviewed: 7/16/2009). Morbidity and Mortality Weekly 
Report, 58(27), 740-744.  

 
Douglas, C. C., Lawrence, J. C., Bush, N. C., Oster, R. A., Gower, B. A., & Darnell, B. E. 

(2007). Ability of the Harris Benedict formula to predict energy requirements 
differs with weight history and ethnicity (Vol. 27). 

 
Economic consequences. (2009)  Retrieved November 2, 2009, from 

http://www.cdc.gov/obesity/causes/economics.html. 
 
Fletcher, G. F., Balady, G., Blair, S. N., Blumenthal, J., Caspersen, C., Chaitman, B., et al. 

(1996). Statement on exercise: Benefits and recommendations for physical 
activity programs for all Americans - A statement for health professionals by the 
committee on exercise and cardiac rehabilitation of the council on clinical 
cardiology, American Heart Association. Circulation, 94(4), 857-862.  

 
Frimel, T. N., Sinacore, D. R., & Villareal, D. T. (2008). Exercise attenuates the weight-

loss-induced reduction in muscle mass in frail obese older adults. Medicine & 
Science in Sports & Exercise, 40(7), 1213-1219 
1210.1249/MSS.1210b1013e31816a31885ce.  

 
Hunter, G., Byrne, N., Sirikul, B., Fernandez, J., Zuckerman, P., Darnell, B., & Gower, B. 

(2008). Resistance training conserves fat-free mass and resting energy 
expenditure following weight loss. Obesity, 16 (5), 1045-51. 

 
Illner, K., Brinkmann, G., Heller, M., Bosy-Westphal, A., & Muller, M. J. (2000). 

Metabolically active components of fat free mass and resting energy expenditure 
in nonobese adults. American Journal of Physiology-Endocrinology and 
Metabolism, 278(2), E308-E315.  

 
Indirect calorimetery. (2010)  Retrieved February 28, 2010, from 

http://www.korr.com/applications/indirect.htm. 
 
Kant, A. K., & Graubard, B. I. (2004). Eating out in America, 1987-2000: Trends and 

nutritional correlates. Preventive Medicine, 38(2), 243-249. doi: 
10.1016/j.ypmed.2003.10.004. 

 
Kerksick, C., Thomas, A., Campbell, B., Taylor, L., Wilborn, C., Marcello, B., et al. (2009). 

Effects of a popular exercise and weight loss program on weight loss, body 
composition, energy expenditure and health in obese women. Nutrition & 
Metabolism, 6. doi: 23&#xD;10.1186/1743-7075-6-23. 



40 
 

 

Klem, M. L., Wing, R. R., McGuire, M. T., Seagle, H. M., & Hill, J. O. (1997). A descriptive 
study of individuals successful at long-term maintenance of substantial weight 
loss. American Journal of Clinical Nutrition, 66(2), 239-246.  

 
Lara-Castro, C. & Garvey, W.T. (2004). Diet, insulin restiance, and obesity:  Zoning in on 

data for Atkins dietiers living on South Beach.  Journal of clinical Endocrinology & 
Metabolism, 89, 4197-4205. doi: 10.1210/jc.2004-0683.  

 
Larson-Meyer, D., Redman, L., Heilbronn, L., Martin, C., & Ravussin, E. (2010). Caloric 

restriction with or without exercise: The Fitness ve... : Medicine & Science in 
Sports & Exercise. Medicine & Science in Sports & Exercise, 42(1), 3. doi: doi: 
10.1249/MSS.0b013e3181ad7f17. 

 
Leibel, R. L., Rosenbaum, M., & Hirsch, J. (1995). Changes in energy expenditure 

resulting from altered body weight. N Engl J Med, 332(10), 621-628. doi: 
10.1056/nejm199503093321001. 

 
Lien, L. F., Haqq, A. M., Arlotto, M., Slentz, C. A., Muehlbauer, M. J., McMahon, R. L., et 

al. (2009). The STEDMAN project: Biophysical, biochemical and metabolic effects 
of a behavioral weight loss intervention during weight loss, maintenance, and 
regain. Omics-a Journal of Integrative Biology, 13(1), 21-35. doi: 
10.1089/omi.2008.0035. 

 
Maggard, M. A., Shugarman, L. R., Suttorp, M., Maglione, M., Sugarman, H. J., 

Livingston, E. H., et al. (2005). Meta-analysis: Surgical treatment of obesity. 
[Article]. Annals of Internal Medicine, 142(7), 547-559.  

 
McCrory, M. A., Gomez, T. D., Bernauer, E. M., & Mole, P. A. (1995). Evaluation of a new 

air displacement of plethsmograph for measureing human body composition. 
Medicine and Science in Sports and Exercise, 27(12), 1686-1691. 

  
Nielsen, A. J., & Popkin, B. M. (2003). Patterns and trends in food portion sizes, 1977-

1998. Jama-Journal of the American Medical Association, 289(4), 450-453.  
 
Obesity and Overweight for Professionals: Defining | DNPAO | CDC. (2009)  Retrieved 

March 1, 2010, from http://www.cdc.gov/obesity/defining.html. 
 
Ogden, C. L., Carroll, M. D., Curtin, L. R., McDowell, M. A., Tabak, C. J., & Flegal, K. M. 

(2006). Prevalence of overweight and obesity in the United States, 1999-2004. 
Jama-Journal of the American Medical Association, 295(13), 1549-1555.  

 



41 
 

 

Ogden, C. L., Flegal, K. M., Carroll, M. D., & Johnson, C. L. (2002). Prevalence and trends 
in overweight among US children and adolescents, 1999-2000. Jama-Journal of 
the American Medical Association, 288(14), 1728-1732.  

 
Phelan, S., Hill, J. O., Lang, W., Dibello, J. R., & Wing, R. R. (2003). Recovery from relapse 

among successful weight maintainers. American Journal of Clinical Nutrition, 
78(6), 1079-1084.  

 
Physical Inactivity, Overweight and Obesity. (2010)  Retrieved January 27, 2010, from 

http://www.americanheart.org/presenter.jhtml?identifier=742. 
 
Pietilainen, K. H., Kaprio, J., Borg, P., Plasqui, G., Yki-Jarvinen, H., Kujala, U. M., et al. 

(2008). Physical inactivity and obesity: A vicious circle. Obesity, 16(2), 409-414. 
doi: 10.1038/oby.2007.72. 

 
Puska, P., Benhaziza, H., & Porter, D. (2003). Physical activity. In W. H. Organization 

(Ed.), who.org. Geneva: World Health Organization. 
 
Puska, P., Nishidia, C., & Porter, D. (Producer). (2003). Obesity and overweight. 

Retrieved from 
http://www.who.int/dietphysicalactivity/media/en/gsfs_obesity.pdf. 

 
Redman, L. M., Heilbronn, L. K., Martin, C. K., Alfonso, A., Smith, S. R., Ravussin, E., et al. 

(2007). Effect of calorie restriction with or without exercise on body composition 
and fat distribution. Journal of Clinical Endocrinology & Metabolism, 92(3), 865-
872. doi: 10.1210/jc.2006-2184. 

 
Redman, L. M., Heilbronn, L. K., Martin, C. K., de Jonge, L., Williamson, D. A., Delany, J. 

P., et al. (2009). Metabolic and behavioral compensations in response to caloric 
restriction: Implications for the maintenance of weight loss. Plos One, 4(2). doi: 
e4377&#xA;10.1371/journal.pone.0004377. 

 
REEVUE Indirect Calorimeter. (2010)  Retrieved February 28, 2010, from 

http://www.korr.com/products/reevue.htm. 
 
REEVUE Specifications. (2010)  Retrieved March 1, 2010, from 

http://www.korr.com/products/reevue_specs.htm. 
 
Shai, I., Schwarzfuckhs, D., Henkin, Y., Shahar, D., Witkow, S., Greenberg, I., …Stampfer., 

M. (2008).  Weight loss with a low-carbohydrate, Mediterranean, or low-fat diet.  
New England Journal of Medicine, 359 (3), 229-241. 

 



42 
 

 

Smoot, T. M., Xu, P., Hilsenrath, P., Kuppersmith, N. C., & Singh, K. P. (2006). Gastric 
bypass surgery in the United States, 1998-2002. American Journal of Public 
Health, 96(7), 1187-1189.  

 
Sweeney, M.E., Hill, J., Heller, P., Baney, R., & DiGirolamo, M. (1993).  Severe vs 

moderate energy restriction with and without exercise in the treatmetn of 
obesity: Efficiency of weight loss. American Society for Clinical Nutrition, 57, 127-
34.  

 
Trends in intake of energy and macronutrients --- United States, 1971--2000. (2004). 

Morbity and Mortality Weekly Report, 53(4), 2.  
 
The DASH diet. National Institutes of Health. (1997). Retrieved July 2, 2010 from  
 http://www.nih.gov/news/pr/apr97/Dash.htm.  
 
Volek, J., Sharman, M., Gomez, A., Judelson, D., Rubin, M., Watson, G., et al. (2004). 

Comparison of energy-restricted very low-carbohydrate and low-fat diets on 
weight loss and body composition in overweight men and women. Nutrition & 
Metabolism, 1(1), 13.  

 
Wang, Z. M., Heshka, S., Gallagher, D., Boozer, C. N., Kotler, D. P., & Heymsfield, S. B. 

(2000). Resting energy expenditure-fat-free mass relationship: new insights 
provided by body composition modeling. American Journal of Physiology-
Endocrinology and Metabolism, 279(3), E539-E545.  

 
 
  



43 
 

 

Appendix A 

 

Approval Letter From Target Metabolism 

 

 
 

To Whom It May Concern: 

 

Adrienne Thomas is permitted to look at any and all de-identified data at Target 

Metabolism that is necessary to complete her thesis. We look forward learning the 

outcome. 

  
Sincerely,  

Elizabeth Thompson 

Founder/ President 

Target Metabolism 

 
 

 

 

 

  



44 
 

 

Appendix B 
 

Letter From Ball State University IRB 
 

  



45 
 

 

Appendix C 

NIH Tutorial Certificate 

 

CITI Collaborative Institutional Training Initiative  
 

IRB Members - Basic/Refresher Curriculum Completion Report 

Printed on 3/17/2010  

Learner: Adrienne Thomas (username: asthomas2) 

Institution: Ball State University 

Contact Information  4520 Marcy Lane 

Apt 24 

Indianapolis, IN 46205  

Department: Family and Consumer Science 

Email: asthomas2@bsu.edu 

 

IRB Members - Basic/Refresher: This Basic Course is appropriate for IRB or Ethics 

Committee 

 

Stage 1. Basic Course Passed on 01/25/10 (Ref # 4011568)  

Elective Modules 

Date 

Completed Score 

Introduction 01/22/10  no quiz  

Belmont Report and CITI Course Introduction 01/22/10  3/3 (100%)  

Students in Research - SBR 01/22/10  7/10 (70%)  

History and Ethical Principles - SBR 01/22/10  4/4 (100%)  

History and Ethical Principles 01/22/10  6/7 (86%)  

Defining Research with Human Subjects - SBR 01/25/10  5/5 (100%)  

The Regulations and The Social and Behavioral Sciences - SBR 01/25/10  5/5 (100%)  

Basic Institutional Review Board (IRB) Regulations and 

Review Process 

01/25/10  4/5 (80%)  

Assessing Risk in Social and Behavioral Sciences - SBR 01/25/10  5/5 (100%)  

Informed Consent - SBR 01/25/10  3/4 (75%)  



46 
 

 

Informed Consent 01/25/10  4/4 (100%)  

Privacy and Confidentiality - SBR 01/25/10  2/3 (67%)  

Social and Behavioral Research for Biomedical Researchers 01/25/10  4/4 (100%)  

Records-Based Research 01/25/10  2/2 (100%)  

Genetic Research in Human Populations 01/25/10  2/2 (100%)  

Research With Protected Populations - Vulnerable Subjects: An 

Overview 

01/25/10  2/4 (50%)  

Research with Prisoners - SBR 01/25/10  4/4 (100%)  

Vulnerable Subjects - Research with Prisoners 01/25/10  3/4 (75%)  

Research with Children - SBR 01/25/10  2/4 (50%)  

Vulnerable Subjects - Research Involving Minors 01/25/10  3/3 (100%)  

Research in Public Elementary and Secondary Schools - SBR 01/25/10  4/4 (100%)  

Vulnerable Subjects - Research Involving Pregnant Women and 

Fetuses in Utero 

01/25/10  2/3 (67%)  

International Research - SBR 01/25/10  3/3 (100%)  

International Research 01/25/10  1/1 (100%)  

Internet Research - SBR 01/25/10  4/5 (80%)  

Group Harms: Research With Culturally or Medically 

Vulnerable Groups 

01/25/10  3/3 (100%)  

FDA-Regulated Research 01/25/10  3/5 (60%)  

Human Subjects Research at the VA 01/25/10  2/3 (67%)  

HIPAA and Human Subjects Research 01/25/10  2/2 (100%)  

Workers as Research Subjects-A Vulnerable Population 01/25/10  3/4 (75%)  

Hot Topics 01/22/10  no quiz  

Conflicts of Interest in Research Involving Human Subjects 01/25/10  2/2 (100%)  



47 
 

 

The IRB Member Module - "What Every New IRB Member 

Needs to Know" 

01/25/10  6/6 (100%)  

You want to be an IRB Community Member, Now what? 01/25/10  3/5 (60%)  

Ball State University 01/22/10  no quiz  

For this Completion Report to be valid, the learner listed above must be affiliated 

with a CITI participating institution. Falsified information and unauthorized use of 

the CITI course site is unethical, and may be considered scientific misconduct by 

your institution.  

Paul Braunschweiger Ph.D. 

Professor, University of Miami 

Director Office of Research Education 

CITI Course Coordinator 

  
 

 

  



48 
 

 

Appendix D 

IRB Final Report Submission 

 

  



49 
 

 

 



50 
 

 

 


