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ABSTRACT 

Introduction. 

Obesity is presently one of the leading preventable causes of mortality and is an 

increasing issue that affects the workplace. This pilot study investigates the effects of a 

multidisciplinary obesity management program on employees within a community 

hospital setting. The purpose of this study is to assess the outcome factors of the 

intervention and to detect an association between the participants’ biological factors, 

psychological status, eating behaviors, and lifestyle components to that of their current 

body weight status. 

Methods. 

An evaluation of a tailored obesity management program was conducted in a corporate 

setting with employees of a large community hospital. The evaluation sought to 

determine if this program could be efficiently and effectively implemented in this 

corporate setting. This program also allowed an exploration of those sociological, 

biological, and behavioral factors that were associated with weight loss. An employee 

health outcomes assessment visit was used to identify, recruit and enroll overweight 

employees into a quasi-experimental study designed to evaluate potential impacts of a 

tailored weight management program. The 6-month intervention included medical 

assessments, nutritional coaching, activity counseling, and behavioral therapy. The 

following specific aims were proposed for this dissertation research: Specific Aim 1 

sought to evaluate the effectiveness of the multidisciplinary weight loss program to 

change a series of modifiable health risk factors, body composition, clinical indicators, 

and biological markers from baseline to 6 months for overweight participants. Specific 

Aim 2 evaluated factors associated with achieving weight loss and patterns of attrition 
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from the program. Weight and lifestyle factors included onset of obesity, family history, 

weight loss history, weight loss goals, self-perceptions, physical activity factors, and 

eating habits/patterns. Within Specific Aim 3, we determined if body composition 

measurements [body mass index (BMI), weight, basal metabolic rate, fat mass, percent 

fat, fat free mass, and total body water] correlated with standing or supine 

measurements of waist, hip, or thigh circumferences. We also investigated if there was a 

significant difference between recording measurements made in both positions. This aim 

sought to determine if both sets of position measurements needed to be included for 

subsequent weight management studies. 

Results. 

Forty-six (46) employees, with a mean age of 48.6 +/- 10.9 years and predominately 

female (91.3%), consented to participate in the pilot intervention, with 26 participants 

completing the 6 months (response = 50.9%). Statistically significant changes from 

baseline were seen at 6 months in the 44 participants that continued in the study after 

enrollment. In the intent to treat analysis, the participants, regardless of completion 

status, had a clinically significant (p<.0001) mean percent weight loss of 4.1% and a total 

weight loss of 9.3 pounds, with a corresponding 5.6% mean weight loss in those 

participants that completed the program. When analyzing predictors of attrition from the 

program, models indicated significant associations between overall program attrition and 

an increase in baseline systolic blood pressure (p=0.02), along with decreased 

compliance with eating three meals per day (p=0.04). Primary attrition (dropout < 3 

months) was statistically associated with an increase in baseline systolic blood pressure 

(p=0.02) and decreased compliance with eating three meals per day (p=0.01). 

Secondary attrition (dropout between 3-6 months) was associated with decreased 

compliance with eating three meals per day (p=0.05) and an increase in weight loss 
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expectations during the intervention (p=0.05). The mean absolute difference between 

the two techniques (standing vs. supine) was 4.14 inches for waist, hip, and thigh 

measurements combined. An increase in body mass index was associated with a 

greater magnitude of discrepancy in the measurement between the two techniques for 

waist circumference (p=0.02).  

Conclusions. 

The changes seen following this multidisciplinary intervention were clinically significant 

and advantageous for the participants. These substantial results suggest that the use of 

multidisciplinary weight management programs merits further investigation in larger, 

randomized, controlled trials. 
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CHAPTER 1: INTRODUCTION TO THE STUDY 

EXPLANATION OF THE PROBLEM AND ITS CONTEXT 

BACKGROUND AND SIGNIFICANCE 

Obesity is a major public health problem and one that is acknowledged as having 

multiple causes (2, 3, 4). Obesity is highly prevalent within the United States and other 

parts of the world and is a large health burden contributing to cancer, diabetes, 

cardiovascular disease, and all-cause mortality (5). Current practices in the management 

of obesity incorporate recognition of a genetic component, environmental issues, and 

pharmacotherapy (6, 7, 8, 9, 10, 11). Furthermore, it is recognized that inclusion of 

weight management and obesity management programs within corporate or work 

settings should enhance an individual’s ability to change and increase retention of 

weight loss, along with decreasing other obesity related risk factors (12, 13, 14, 15, 16, 

17, 18). 

The fundamental objectives of obesity management are to improve patients' health 

outcomes, enhance psychological well-being, and increase life expectancy. Because of 

the public health significance of obesity disease management, the findings from this 

research will be relevant to the mission of federal and state agencies charged with 

monitoring and improving the health of citizens, and more broadly interesting to 

researchers of obesity and its medical complications.  

With this dissertation research, an evaluation of a tailored obesity management program 

was conducted in a corporate setting with employees of a large community hospital. The 

evaluation sought to determine if this program could be efficiently and effectively 

implemented in this corporate setting. This program also allowed an exploration of those 
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sociological, biological, and behavioral factors that were associated with weight loss.  

SPECIFIC AIMS 

The primary objective of this study is to evaluate the effect of a medically 

supervised, multidisciplinary obesity management program on the health, 

personal wellness, and self-assessment of weight loss success and program 

compliance. This study, conducted within a corporate structure, includes employees of 

the worksite as participants. The innovation of this research includes the program's 

ability to tailor the intervention components for each participant based on their specific 

underlying component causes of obesity. The overarching hypothesis for this work is 

that a multidisciplinary approach to non-surgical obesity management will lead to 

weight loss and decreased morbidity in employees that participate in a corporate 

sponsored weight management program. 

The following specific aims were proposed for this dissertation research:  

Specific Aim 1. Evaluate the effectiveness of the multidisciplinary weight loss program 

to change a series of modifiable health risk factors, body composition, clinical indicators, 

and biological markers from baseline to 6 months for overweight participants.  

Modifiable health risk factors include clinical and biological measures (blood pressure, 

total cholesterol, HDL and LDL cholesterol, triglycerides, fasting blood glucose, 

hemoglobin A1c), biometric and body composition measurements (body mass index or 

BMI, weight, waist-to-hip ratio, basal metabolic rate, fat mass, percent fat, fat free mass, 

and total body water), and self-reported health indicators (including modifiable lifestyles 

and medical screening history). 

Hypothesis: After completion of the program, participants will lose 5% of their baseline 
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weight. They will also improve their modifiable health risk factors, along with their clinical 

and biological markers.  

Specific Aim 2. Evaluate factors associated with achieving weight loss and patterns of 

attrition from the program. Weight and lifestyle factors included onset of obesity, family 

history, weight loss history, weight loss goals, self-perceptions, physical activity factors, 

and eating habits/patterns. 

Hypothesis: The rate of weight loss will inversely correlate with the rate of attrition from 

the program.  

Specific Aim 3. Determine if body composition measurements (BMI, weight, basal 

metabolic rate, fat mass, percent fat, fat free mass, and total body water) correlate with 

standing or supine measurements of waist, hip, or thigh circumferences, while 

determining if there is a significant difference between recording measurements in both 

positions. This aim sought to determine if both sets of position measurements need to be 

included for subsequent studies. 

Hypothesis: Body composition variables will significantly correlate with standing 

anthropometric measurements. 

This multidisciplinary medical weight loss intervention has been conducted within a 

community hospital corporate structure. This hospital system includes an accredited 

bariatric surgery center that was launched in 2001. The hospital also contains a self-

sustaining research institute conducting obesity trials. Potential participants were 

employees that volunteered for an annual employee health assessment in 2010. 

Employees who were evaluated as overweight/obese (BMI ≥ 30 kg/m2) were invited to 

take part in a 6-month pilot obesity management program that was set to start in June 

2011. A cap of 50 participants was mandated by the hospital corporation due to its 
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preliminary nature and financial limitations of the program. 

An inclusion criterion to take part in the obesity management program was a BMI of 

greater than 30 kg/m2. This measurement was obtained at the biometric testing session 

during their health assessment. These employees were mailed a letter asking if they 

wanted to participate in the program directly from their employer to protect their privacy 

and comply with standard Health Insurance Portability and Accountability Act (HIPAA) 

regulations. Potential participants then contacted the research office where further 

exclusion criteria were reviewed. Exclusion criteria included a history of bariatric surgery 

and a refusal to comply with the intervention program schedule of events.  

EXPLANATION OF THE DISSERTATION FORMAT 

The first chapter is an introduction to the study, along with specific aims and hypotheses. 

Chapter 2 discusses the related literature for the selected topic of obesity, while Chapter 

3 reviews the research design and methodology of the present study. An overall 

summary of results and conclusions is included in Chapters 4 and 5.  

The three manuscripts that are included in the appendices of this dissertation will be 

submitted for publication in appropriate journals. In Manuscript I, the evaluation of the 

multidisciplinary weight loss intervention, along with relevant results, are described. 

Factors that affect attrition and compliance of the weight loss program are discussed in 

Manuscript II. Manuscript III focused on the variability of body composition measurement 

techniques in participants with obesity.   

The bariatric center and corporate benefits department of HonorHealth (formerly 

Scottsdale Healthcare) proposed the initial concept of the underlying intervention study. 

The company wanted to implement an obesity management program for employees as 

part of a corporate wide wellness program. They provided funding for a pilot study of the 
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tailored intervention study that could allow them to consider the costs of implementing 

such a wellness program on a larger scale. Ms. Celaya was part of the original planning 

committee and responsible for expanding current center protocols, developing study 

materials, initiating the study database creation, and conducting all analyses. Because 

the corporate sponsors proposed the initial funding and gave input for the design of this 

study, several limitations need to be noted. Funding was available through the hospital 

corporate offices, but the amount was sufficient for only a small pilot study, such that 

there are sample size issues. Data were collected by hospital staff that do not normally 

work with research subjects, so their methods, although clinically verified, were not 

based in conducting clinical research. These limitations and design influences were not 

under the direct control of the investigators. 
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CHAPTER 2: REVIEW OF RELATED LITERATURE  

Obesity is an increasing concern worldwide. The complexity of why the rate of obesity is 

dramatically rising is not yet well defined. Coinciding to the increase of obesity is the 

upsurge of other comorbid conditions. This parallel magnification gives rise to the notion 

that obesity is the root of a systemic epidemic of disease advancement within the body. 

Obesity has been classified as one the leading causes of preventable death (6, 10). 

There are three primary methods for treating obesity depending on the severity of the 

disease: bariatric surgery, medications, and behavioral modification. This chapter 

reviews definitions used in research of obesity, the epidemiology of obesity, and factors 

associated with weight gain and weight loss. 

DEFINITION OF OBESITY 

The basic definition of obesity is the inability of a person to expend enough energy to 

offset the amount of energy they consume through food, such that additional weight gain 

is observed (19). Unfortunately, this straightforward definition is not so simple. If it were, 

then the prevention and abolishment of obesity would be a straightforward mathematical 

equation. There are many influential counterparts that affect this disease. Along with the 

widespread belief that obesity is caused by the consumption of excess calories, other 

factors interact to trigger the etiology of obesity (20, 21). These factors could include 

environmental causes, genetic predispositions, cultural beliefs, physiological pathways, 

and psychological influences. The interactions among these are highly complex and not 

fully understood, but still promote the development or worsening of obesity (22, 23, 24, 

25, 26). Patients that suffer from the disease of obesity possess a future filled with 

premature mortality, considerable medical and physical disabilities, and often debilitating 

depression, or diminishing quality of life (27, 28, 29, 30, 31, 32). 
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Body Mass Index (BMI), originally called the Quetelet Index, is a surrogate measure for 

obesity that has been used to identify the level of adiposity that is associated with 

medical issues, although it does not directly quantify the level of adipose tissue in a 

person (33). Even though it is not a direct measure of adiposity, BMI was established as 

the most common method to assess obesity levels in a clinical setting (34). BMI has also 

been shown to be a strong predictor of cause-specific mortality when using the optimal 

measure of 20.0-24.9 kg/m2 as a reference range (32, 35). The metric version of BMI is 

calculated as follows: BMI = weight (kg) / height (m) 2. For this study, we converted to an 

imperial version with the following calculation: BMI = Mass (lbs.) X 703 / [height (in)] 2. 

The Quetelet Index was created in the 1832 by a Belgian mathematician, Lambert 

Quetelet, after his cross-sectional studies of human growth (36). It was later termed 

Body Mass Index (BMI) in 1972 by Ancel Keys in order to approximate if a person’s 

weight was within a healthy range (36). The need for an applied index of relative body 

weight was originally recognized so that insurance companies could utilize a simple 

calculation in order to ascertain the weight status of their clients after noticing an 

increase in death claims of their obese policyholders (37). 

Some have argued that the calculation is antiquated considering modern science and 

should be changed to accommodate lean muscle mass and different types of body 

shapes and sizes (38). Other estimating options have been suggested as a proxy for the 

outdated BMI measurement such as a new BMI calculation, waist circumference, and 

waist-to-height ratio (39, 40, 41). Other indicators of adiposity can be used with greater 

reproducibility and accuracy, such as bioelectric impedance or dual-energy x-ray 

absorptiometry (DEXA), but their feasibility and ease of use within clinical and population 

research settings are inferior to clinical measurements. 
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Obesity categories and cut points have been established from recommendations of the 

Expert Panel on the Identification, Evaluation, and Treatment of Overweight and Obesity 

in Adults, with a BMI ≥ 30 kg/m2 as the definition of obesity (1). It has been shown that 

as BMI increases, so does the associated health risk of comorbid conditions, such as 

coronary heart disease, type 2 diabetes, hypertension, and sleep apnea (1). Because 

these health risks are also related to increases in adipose tissue, specifically in the 

abdominal area, additional guidelines for increased risk associated with disease were 

developed by including cut points for waist circumference with the obesity categories (1). 

Table 1 shows the currently used obesity categories, suggested by clinical guidelines by 

the National Institutes of Health (NIH), and also indicates the relative disease risk of the 

joint effect of both increased BMI and waist circumference when compared to normal 

weight individuals (1, 42).  

Table 1: Classification of Overweight and Obesity by BMI, Waist Circumference, and Associated Disease 

Risks  

1 

Even though BMI is the primary clinical tool used to evaluate disease risk, waist 

circumference is an indirect way of measuring abdominal fat that is an easily obtainable 

                                                
1 Disease risk for type II diabetes, hypertension, and CVD. Increased waist circumference can 
also be a marker for increased risk even in persons of normal weight. 
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measurement for clinicians when assessing patients. For men, a waist circumference of 

greater than 40 inches (102 cm) and for women a waist circumference of greater than 35 

inches (88 cm) indicates an increased relative risk of developing obesity related 

diseases (1, 43).  

Location of the fat, in addition to overall body weight, has been studied as a disease risk 

factor and an excessive amount of abdominal fat is correlated with an increased risk of 

various comorbid diseases (44, 45, 46). Location of fat is typically assessed in different 

ways by various studies, through such techniques as skinfold thickness with calipers, 

bioelectric impedance, DEXA scan, air displacement plethysmography, and 

anthropometric measurements (47, 48, 49). Individuals are classified as ‘apple-shaped’ 

(android; central obesity) or ‘pear-shaped’ (gynoid; peripheral obesity) according to 

where their adipose tissue is distributed. Central obesity, or apple-shaped, is defined by 

the World Health Organization as having a waist-to-hip (WHR) ratio that is ≥ 0.85 for 

females and ≥ 0.90 for males (42, 50). Those with an increased WHR have their adipose 

tissue mainly distributed in their upper trunk, chest, and abdomen area, giving them the 

characteristic ‘apple shape’. Individuals with a lower WHR conventionally carry their 

adipose tissue on the lower trunk, hips, and thighs, contributing to their representative 

‘pear shape’.  

An apple-shaped body type has been associated with an increased risk of death when 

compared to pear-shaped individuals, especially death from cardiovascular disease, 

even among those with similar BMIs (51). Others have discussed the possibility that 

visceral adipose tissue in the abdominal region, classified as central obesity, is more 

strongly associated with adverse health risks, such as metabolic syndrome, type II 

diabetes, and cardiovascular disease than subcutaneous abdominal tissue (52, 53, 54). 

Despite suggestive modifications to current clinical practice, BMI is still the most widely 
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used calculation to determine the health status of an individual and has been shown to 

be a reliable indicator of obesity for the clinical management of an adult patient (55, 56). 

EPIDEMIOLOGY OF OBESITY 

Obesity is a disease that can result in dissimilar effects for patients from distinctive racial 

backgrounds, age, and sex groups (22, 57, 58, 59, 60). Asian and Pacific Islander 

populations have a higher incidence of cardiovascular disease and a higher body fat 

percentage at a lower BMI than their Caucasian counterparts (61). Obesity is more 

prevalent in non-Hispanic black women (52.9% obese) when compared to non-Hispanic 

black men (37.2% obese) and non-Hispanic white women (32.9% obese) (62). The 

existence of a disparity across individuals can be the foundation for why there is a gap 

between healthcare access, mortality and morbidity, social determinants, and behavioral 

risk factors among these groups (60, 63, 64). 

The National Center for Health Statistics (NCHS) is a division of the Centers for Disease 

Control and Prevention (CDC) and its function is to supply national vital and health 

statistics. The National Health and Nutrition Examination Survey (NHANES) is a major 

program of NCHS. The purpose of the NHANES program is to evaluate the health and 

dietary status of the nation. It started conducting a sequence of surveys in the 1960s that 

concentrated on the health status of differing populations. In 1999, NHANES altered its 

emphasis to include demographic, socioeconomic, health, and nutritional 

measurements. They examine a representative sample of the U.S. population of about 

5,000 participants each year (65).  

In 1984, the Behavioral Risk Factor Surveillance System (BRFSS) was launched by the 

CDC in 15 states to collect health-related risk behavior and chronic disease information 
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through telephone surveys. Methodological changes occurred in 2011 when new 

sampling frames were made that included both landline and cell phone households (66). 

Currently, the BRFSS is conducted by the state health departments with the assistance 

of the CDC and completes over 400,000 interviews and gathers data from all 50 states, 

Washington DC, and three U.S. territories. Height and weight data from the BRFSS is 

self-reported, which is the main difference between the NHANES data that is measured 

by research staff. 

According to the NHANES study in 2009-2010, at least 35% of both men and women 

were obese (67). Data from the BRFSS show that the percentage of overweight and 

obese men and women increased steadily since 1985. In 2016, no state reported a 

prevalence of less than 20% obesity for adults, according to the BRFSS (68). Five states 

(Alabama, Arkansas, Louisiana, Mississippi, and West Virginia) had a prevalence of 

obesity of 35% or greater and 20 states (along with Puerto Rico and Virgin Islands) 

reported a prevalence between 30-35% (69). A recent study compared the prevalence 

estimates from the BRFSS, NHANES, and National Health Interview Survey (NHIS) and 

found that assessments of obesity prevalence were similar across all three surveys (70). 

It is apparent that obesity is a disease of epidemic proportions not only in the United 

States but also throughout the world (10, 71, 72, 73). Globally, the collective prevalence 

of overweight and obesity rose by 27.5% for adults and 47.1% for children between 1980 

and 2013 (73). The public health burden that obesity presents worldwide, with current 

estimated forecasts of over 2 billion overweight and 1 billion obese individuals by 2030, 

leads us to the concept that obesity is a complex disease and that we should be focused 

on preventative measures and treatment methods (72).  

A recent study investigating the estimated prevalence and trends of lifetime obesity 
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status, based on current BMI from the NHANES, found that a total of 50.8% of males 

and 51.6% of females in the U.S. were ever obese in their lifetime in 2013-2014 (74). 

The researchers used the following categories for their analysis: never obese in their 

lifetime (maximum BMI <= 30 kg/m2), former obesity (maximum BMI >= 30 kg/m2) and 

current obesity (current BMI >= 30 kg/m2). This suggests that obesity influences a 

greater segment of the U.S. population than is implied by prior studies that utilize only 

current BMI as an indicator of obesity status.  

A paper from the Framingham Study reported that the incidence of obesity within their 

study population increased three times as much over the prior five decades (57). For 

women, the increase in the incidence of overweight per decade (among each cohort) 

was 25%, increase in the incidence of obesity was 34% per decade, and 31% per 

decade for class II obesity. However, for men, the rates were dramatically different. 

Incidence of overweight increased by 20% per decade, 29% per decade for obesity, and 

an astounding 97% increase per decade in the incidence of class II obesity (57).These 

findings indicate that women are steadily increasing in the incidence of 

overweight/obesity within all obesity categories, but the incidence of class II obesity in 

men is increasing much faster. 

According to the CDC National Center for Health Statistics (NCHS), 36.5% of adults in 

the United States have obesity (2). Figure 1 shows that in 2011-2014, the overall 

prevalence of obesity in middle-aged and older adults was higher than among younger 

adults 20-39 years of age (40.2% and 37.0% vs. 32.3%, respectively) (2). In general, the 

overall prevalence of obesity was higher among women when compared to men (38.3% 

vs. 34.3%) (2). 
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Figure 1:  Prevalence of obesity among adults aged 20 and over, by sex and age: United States, 2011-2014 

 

The NCHS data also found significant differences of obesity prevalence among adults by 

race and Hispanic origin. As shown in Figure 2, the highest prevalence of obesity was 

among non-Hispanic black adults (48.1%) and the lowest was among non-Hispanic 

Asian adults (11.7%) (2). The only differences according to race and ethnic status, by 

sex, were found between non-Hispanic black and Hispanic adults. The prevalence of 

obesity among non-Hispanic black women was higher when compared to non-Hispanic 

black men (56.9% vs 37.5%). The obesity prevalence among Hispanic women was also 

higher than Hispanic men (45.7% vs. 39.0%) (2). 
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Figure 2:  Prevalence of obesity among adults aged 20 and over, by sex and race and Hispanic origin: 

United States, 2011-2014 

 

Obesity is also an issue for children. The World Health Organization has estimated that 

within the group of children under the age of 5, over 20 million are overweight (50). 

Although obesity needs to be monitored and managed at a young age, is difficult to 

ascertain if this increase is an indicator that obesity has escalated or if this is an artifact 

of changing monitoring systems. Historically, growth charts were derived from data that 

were not representative of different populations of children. Because of this concern, in 

1977, new growth charts were developed using the National Health Examination Survey 

(NHES I & II) and the first National Health and Nutrition Examination Survey (NHANES I) 

by the National Institute of Child Health and Human Development (NCHS) (75, 76). 

These 1977 NCHS growth charts were used for quite some time until there were some 

concerns about the data used for infant charts and the lack of weight for stature charts. 
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This was the catalyst for the new charts to be developed by the CDC. In 2000, the CDC 

developed BMI-for-age charts for health providers to screen for overweight and obesity 

risk in school aged children 2 to 20 years (34). 

The prevalence of obesity among children aged 2-19 years in 2011-2014 was 17.0% (2). 

As shown in Figure 3, the prevalence increased significantly between preschool-aged, 

school-aged children, and adolescents groups (8.9% vs. 17.5% vs. 20.5%, respectively) 

and the same pattern is seen between males and females (2). 

Figure 3: Prevalence of obesity among youth aged 2–19 years, by sex and age: United States, 2011–2014 

 

As seen in Figure 4 below, trends in obesity prevalence show an increase in both adults 

and children from 1999-2000 through 2013-2014, although no significant differences 

were seen between 2003-2004 and 2013-2014 in youth (2). Obesity continues to be a 

problematic disease considering the prevalence of obesity is still higher than the Healthy 
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People 2020 target of 30.5%. 

Figure 4: Trends in obesity prevalence among adults aged 20 and over (age-adjusted) and youth aged 2–19 

years: United States, 1999–2000 through 2013–2014 

 

ETIOLOGY AND PATHOPHYSIOLOGY OF OBESITY 

The paradigm of causes of obesity includes the role many factors may have in affecting 

the severity of obesity. Figure 5 illustrates potential interactions discussed by Barness et 

al. between genetic influences, molecular compositions, and environmental causes of 

obesity (6). For an individual, obesity can start and progress at a different rate 

depending on these various factors and their interactions (6). The genetic, molecular, 

and environmental factors associated with obesity play a significant part in the 
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evaluation and management of obesity (6).The metabolism of obese patients is also 

distinctive to that of their lean counterparts (77). There have been studies comparing 

lean and obese mice that propose that this energy imbalance stems from differences in 

gut microbiome (20, 78, 79). Their hunger and satiety signals are significantly altered 

and they convert nourishment to energy and fat metabolites at a different rate (80). 

Adipose tissue functions as the main source of energy and is controlled through 

physiological regulation of intake and expenditure. This happens through the 

homeostatic pathway of the maintenance of energy balance through hormonal signals. 

Multiple hormonal pathways influence the maintenance of energy pathways (81, 82, 83, 

84, 85, 86, 87). The dominant hormones involved in these pathways include: 

Grehlin: a hormone made primarily in the cells of the stomach which stimulates hunger; 

Figure  SEQ Figure \* ARABIC 2: Etiology and 
Pathophysiology of Obesity 

Figure 5: Obesity paradigm of potential interactions between genetic, molecular, and environmental 

causes of obesity 
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PYY: a hormone made primarily in the distal small intestine which promotes satiety; 

GLP1: a hormone made in the intestine which causes satiety and a strong increase in 

insulin; 

Leptin: a hormone made in the fat cell which mediates metabolism; 

Insulin: a hormone made in the pancreas which controls glucose. 

These hormones signal the body to metabolize food differently according to their levels 

and pathway. This interpretation of hormone signaling can be mediated by 

environmental factors such as food additives (genetically modified foods), stress, and 

sleep deprivation (86). The major pathways of feeding and energy balance, also called 

the hedonic pathway (88), includes the rewarding value of food that influences the 

dopaminergic, opioid, and cannabinoid systems of the brain. Food acts as a reward 

system that interacts with receptors in the brain, similar to the mechanisms of certain 

drugs. When levels change, it can alter the physical need for energy intake, influence the 

reward system to stimulate food intake, and control the rewarding effects by activating or 

inactivating receptors (89, 90). This satiety cascade also mediates connections between 

triggers for eating and signals for satiety, along with the interaction of both the 

homeostatic and hedonic pathways (91). Knowledge of how levels of these hormones 

affect weight control and obesity were considered in the design of the medically-

supervised obesity management program evaluated by this dissertation research. 

IMPACT AND ADVERSE HEALTH EFFECTS OF OBESITY 

Obesity is associated with the development of numerous comorbid conditions as well as 

increased risk of mortality (92, 93). The most common and critical medical problems 

associated with increased overweight/obesity are: cardiovascular disease (hypertension 
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and high cholesterol/lipids) (53, 61), type II diabetes mellitus (5, 94, 95), various cancers 

(96, 97, 98, 99), osteoarthritis (100), respiratory disease (asthma, chronic obstructive 

pulmonary disease, and obstructive sleep apnea) (101, 102), non-alcoholic fatty liver 

disease (103), and reproductive disorders (infertility and polycystic ovary syndrome) 

(104, 105). These medical problems not only inflict additional health burden on patients, 

but also require substantial health care utilization and economic liability(106). 

The increased mortality risks are evident even when an individual is only slightly 

overweight and increase as weight increases. In a collaborative analysis of 57 studies 

that included over 900,000 subjects, mortality was lowest among the group with a BMI 

range of 22.5-25.0 kg/(m)2. With each increase of BMI of 5 kg/(m)2, overall mortality 

increased by 30%, independent of age, sex, smoking status, and original study. This 

indicates that the optimal BMI is between the range of 22.5-25.0 kg/(m)2 (33). These 

findings are substantiated by both the Framingham database (4) and the NHANES data 

(31). Because of these findings, the target goal weight for our participants in the obesity 

management intervention was a BMI of 25 kg/m2. 

Another complication of the disease of obesity is cancer mortality. In 2012, it was 

estimated that 8.2 million deaths occurred globally due to cancer (107). In a prospective 

study of more than 900,000 U.S. adults (404,576 men and 495,477 women) who were 

cancer-free at enrollment, the mortality rates for patients from cancer (endometrial, 

breast, colon, prostate, and esophageal) and a BMI of 40 or greater were higher for both 

men (52%) and women (62%) when compared with patients of normal weight (28). 

Similar results were reported from a pooled analysis of 19 prospective studies (35). 

Metabolic pathways can be highly dependent upon each other. For this reason, many 

chronic diseases are observed concurrently, such as obesity, type II diabetes mellitus, 
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and cardiovascular disease (108). Because obesity has been associated with a chronic 

state of inflammation, it is recognized that obesity is related to the development of 

metabolic disorders (109), such as type II diabetes. Changes in human environment and 

behavior have been linked to the development of ‘diabesity’ (diabetes + obesity)(110), a 

term used to describe metabolic dysfunction that ranges from glucose imbalances to 

type II diabetes (110). This metabolic syndrome includes abdominal obesity, 

cardiovascular disorders (dyslipidemia and hypertension), systemic inflammation, blood 

sugar syndromes, and clotting disorders (46, 111, 112). 

The incidence of type II diabetes mellitus and obesity may be driven by the in utero 

exposure of children of obese mothers with metabolic disease. This fetal overnutrition 

pathway creates the environment and initiation for future physiologic disease in the 

offspring of obese women (113). This phenomenon of obese mothers giving birth to 

children with a predisposition to obesity and other comorbid conditions is creating the 

domino effect we see with the increased incidence of disease in new generations. 

CURRENT APPROACHES TO MEDICAL WEIGHT LOSS AND 

OBESITY MANAGEMENT 

Figure  SEQ Figure \* ARABIC 3: Current Approaches to 
Weight Loss 
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The goal of obesity management is to alleviate the multiple comorbid diseases affecting 

obese individuals. Weight loss is then the trigger that starts the domino effect of weight 

loss and then management of the weight loss. The traditional continuum of care 

necessary for eradicating obesity involves lifestyle modification such as surgical, 

pharmacotherapy, and lifestyle management approaches (1, 56, 114). Figure 6 indicates 

an algorithm of guidelines for obesity management and treatment to assist a healthcare 

provider in choosing the appropriate treatment of individuals with obesity (1). Each 

approach requires constant dietary modification and exercise, especially during the 

stage of weight maintenance. There are three steps of obesity treatment within the 

continuum of care: lifestyle modification, drug therapy, and bariatric surgery. Each level 

is dependent on several factors that include both health related aspects, such as age, 

obesity status, health condition and risk, along with individual subjective influences such 

as motivation, weight loss goals, and support systems (56, 114). 

When pursuing initial treatment for obesity, patients should be treated in an integrated 

lifestyle modification setting that includes dietary, exercise, and behavioral modification. 

Individuals with a higher BMI or obesity-related diseases should next consider the 

addition of drug therapy if unsuccessful with lifestyle modification alone. The last tier of 

Figure 6: Continuum of care for the treatment and management of obesity 
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the continuum of care includes the consideration of bariatric surgery for those patients 

with a BMI ≥ 40 kg/m2 or a BMI ≥ 35 kg/m2 with co-morbid diseases. 

LIFESTYLE MODIFICATIONS 

Surgical and pharmacotherapy approaches to treating obesity produce results for the 

appropriate patients when comparing the risks versus benefits they receive, but there 

are some that do not fall within these categories and need a less invasive form of 

treatment. The nonsurgical treatment of class I obesity (BMI 30-34.9) and overweight 

(BMI 25-29.9) consists of lifestyle interventions, which include dietary therapy, activity 

counseling, and behavioral therapy (56). These interventions alone or in combination 

have been shown to consistently produce weight loss ranging from 5-10% of total body 

weight (16, 115). Even with this minimal amount of weight loss, definitive improvements 

are observed in obesity-related comorbidities, such as cardiovascular risk factors (116), 

health related quality of life (117), hypertension (118), renal function (119), and 

obstructive sleep apnea (101). 

Since the late 1960s, there have been several treatment guides that describe various 

protocols for behavioral modification and lifestyle interventions to treat obesity (120, 121, 

122, 123). By the 1990s, group therapy was utilized for intensive lifestyle interventions, 

with an expert panel determining that at least 2 years of intervention was needed for 

therapy (124). Four important studies were involved in the evolution of lifestyle 

interventions for obesity management: Diabetes Prevention Program (DPP), Look 

AHEAD (Action for Health in Diabetes), POUNDS Lost (Preventing Obesity Using Novel 

Dietary Strategies), and CALERIE (Comprehensive Assessment of Long term Effects of 

Reducing Intake of Energy). The importance of these four studies was that each of them 

was developed by using aspects of the prior study. The Look AHEAD trial was modeled 
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on the DPP intervention (125) and the lifestyle interventions of POUNDS Lost and 

CALERIE were developed using the strategies from Look AHEAD and DPP (126). 

The Diabetes Prevention Program was implemented in 1994 and results were published 

in 2002 (127). DPP achieved an average of 7% reduction in body weight, and 

approximately 5% was maintained over a little more than 3 years (127). This 

maintenance of the reduction of body weight delayed the onset of type II diabetes in 

those subjects that were at risk for developing the disease. The subjects continued to be 

followed for up to 10 years and gradually regained weight for a final average weight loss 

of 2%, but the delay of the onset of type II diabetes in the intensive lifestyle intervention 

group when compared to the control group was a significant finding (127). 

The effectiveness of medical therapy for obese or overweight patients with diabetes was 

demonstrated in the Look Ahead Trial, which was organized in the early 2000s with 

results published in 2006 (128). Participants were either randomized to a control group 

with standard diabetes therapy that included medical management of their diabetes by 

their physician, or the treatment group that included standard medical management 

along with intensive lifestyle and behavioral treatment for weight loss (125). The 

intervention combined diet modification training with increased physical activity. The 

intervention arm had an effect of 9% total weight loss at year one and a follow-up effect 

of a cumulative 6.15% weight loss from initial weight to year four (129). The control 

group had a 0.88% weight loss at four years, indicating that the intensive lifestyle 

intervention had a significantly greater influence on weight loss than standard diabetes 

therapy alone (129). The intervention group also showed a significant decrease in 

hemoglobin A1C, a marker for diabetes progression, and hypertension (116). 

Furthermore, as weight was regained, the hemoglobin A1C tended to rise, as did the 

blood pressure (116). This implies that the intervention effects were dependent on 
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weight loss and regain. 

The POUNDS Lost trial was designed in the mid-2000s, with the primary outcomes 

published in 2009 (130). This randomized controlled trial evaluated four separate calorie 

restrictive diets using different macronutrient percentages of protein, fat, and 

carbohydrates with the same lifestyle intervention for each diet prescription group. The 

primary difference of this study from the prior studies was that subjects were medically 

healthy, unlike the Look AHEAD and DPP (130). Each macronutrient diet was 

associated with approximately 8% decrease in weight in the first year and 6% weight 

loss in the second year, although there were no statistically significant differences 

between the groups (130). However, after two years of the intervention, the POUNDS 

Lost study showed a significant improvement of cardiovascular risk factors (130). 

The CALERIE study began in 2007 and the results were published in 2011 (126). This 

randomized controlled trial was implemented in multiple sites over a two year period. 

The uniqueness of this trial was that it enrolled healthy subjects who were either of 

normal weight or overweight with a BMI of 22-28 kg/m2. The lifestyle intervention group 

lost a significantly greater amount of weight, approximately 11%, when compared to the 

control group and the loss was sustained for two years (126). There were improvements 

in cardiovascular risk factors, quality of life indicators, metabolic measures, and other 

biomarkers (126). 

Lifestyle interventions for obesity normally begin at the primary care physician (PCP) 

office (56). Management by the PCP depends on the patient's physical size and 

comorbid conditions. Most physicians use the Ten Step Approach to non-surgical 

management of obesity which includes obtaining height and weight measurements to 

assess BMI, measuring waist circumference, assessing comorbidities, assessing if their 
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patient should be treated according to a Treatment Algorithm and deciding which 

treatment is best according to guidelines (56). This approach was developed 

cooperatively by the North American Association for the Study of Obesity (NAASO) and 

the National Heart, Lung, and Blood Institute (NHLBI) (56) . 

Using this Ten Step Approach and treatment algorithms, the PCP assesses the patient’s 

willingness to start a program and if they have a stable support system in place. The 

PCP then makes a series of recommendations: recommends a diet, discusses physical 

activity goals, reviews weekly food and activity diaries, gives patients resources for 

obtaining dietary guidelines, and asks patients to write personal goals to assess their 

progress (56). Unfortunately, this Ten Step Approach typically is expected to be 

accomplished in a short 15-20 minute doctor's visit. The general PCP office visit is not 

an optimal arena for this disease to be addressed, further supporting the concept of a 

multidisciplinary program for weight management (131, 132). 

The obesity treatment guidelines were updated in 2013 by the American College of 

Cardiology/American Heart Association Task Force to include a treatment algorithm 

established from the 5As structure that includes Assess, Advise, Agree, Assist, and 

Arrange (124). As a successful behavioral modification model, it can be used within the 

primary care setting to assist patients with weight loss. Studies have shown that this 

approach allows for primary care physicians to increase their delivery of care (133), 

along with improving the motivation of patients to lose weight by changing their dietary 

and exercise habits (134). Fitzpatrick et al. describe a modified 5As model (see Figure 

7), in which the physician can advise the patient of their options, present treatment 

choices, and manage the needs of their patient by overseeing the treatment team 

employed to deliver psychosocial, medical, and psychiatric care (135). 
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Figure 7: Flow chart for 5As model of obesity management in primary care 

 

PHARMACOTHERAPY 

Patients that either do not qualify for or do not want to undergo bariatric surgery and 

lifestyle changes are not enough to assist them in losing or maintaining weight loss, may 

be counseled by their physician to start a pharmacotherapy regimen as part of their 

treatment program (9). These regimens include medications that have different 

pathways for modifying weight, such as increasing satiety, delaying gastric emptying, or 

decreasing the absorption of fat from food (136). They are often used in conjunction with 

a lifestyle program. 

There are currently five medications approved by the Federal Drug Administration (FDA) 

for longer term use (greater than 90 days) and four medications for short-term use (up to 

90 days). The short-term medications have been associated with various side effects, 

including increased risk of suicide. Short-term use medications include phentermine, 

benzphetamine, diethylpropion, and phendimetrazine. The medications that have been 
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approved by the FDA for long-term use include orlistat (Xenical, Alli), lorcaserin (Belviq), 

phentermine-topiramate (Qsymia), naltrexone-bupropion (Contrave), and liraglutide 

(Saxenda) (137). 

There are many barriers to developing and prescribing weight loss medications. The 

FDA has emphasized to pharmaceutical companies that they not only want safety 

studies to be performed, but they also need to have empirical results from outcome 

studies in order to ensure side effects of long term use are not more detrimental to the 

patient in comparison to the long-term risks of obesity. Because of these FDA 

requirements, many pharmaceutical companies have not been willing to invest the funds 

to conduct the research and development for a new obesity medication (138). Despite 

these obstacles, there are a few medications that are currently being developed, but 

have not been approved, that will focus on energy expenditure, appetite suppression 

and satiety, along with targeting adipose tissue (136). 

Recent meta-analyses have shown that, in conjunction with lifestyle modification, obesity 

pharmacotherapy yielded additional weight loss when compared to placebo (139). At 

one year, the weight loss varied from 3% of initial weight for orlistat and lorcaserin to 9% 

for phentermine plus topiramate, and 37-70% of these patients achieved at least 5% 

decrease from initial weight. Cardiovascular risk factors improved as well for all three 

medication regimens. This is an indicator that medications, when used with lifestyle 

changes, can produce superior weight loss than lifestyle changes alone (140).  

Another study by Wadden et al. showed that patients treated with the combination of 15 

mg of sibutramine per day along with lifestyle modification significantly lost more weight 

with a mean of 12.1 ± 9.8 kg, compared to sibutramine alone (5.0 ± 7.4 kg) and lifestyle 

modification alone (6.7 ± 7.9 kg) (141). This study concluded that combining medication 
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with lifestyle intervention resulted in greater weight loss than medication or lifestyle 

modification alone, which provides strong evidence for using combination therapy for 

obesity management (141). 

When prescribing weight loss medications, providers must weigh the risk/costs of the 

agents versus the benefits that the patient will receive. Patients occasionally develop 

resistance to the action of medications over time, and if they are non-compliant the 

medications are less potent. The current array of medications available is limited due to 

the lack of long-term safety data of cardiovascular events, the cost of manufacturing and 

purchasing the drugs, and the requirement of using the medications long-term for 

sustained effects (136). 

SURGICAL APPROACHES 

Based on the historic recommendation of the 1991 NIH consensus panel, patients with a 

BMI of 35-40 and with serious comorbidities have been judged to be appropriate 

candidates for bariatric surgery (1). These surgeries include Roux-en-Y gastric bypass, 

laparoscopic adjustable gastric banding, sleeve gastrectomy, duodenal switch with 

biliopancreatic diversion, most of which are performed laparoscopically (142). Novel 

non-surgical approaches involving the endoscopic placement of devices, such as gastric 

balloons, have also been recently developed and approved by the FDA (143, 144, 145).  

The designation of BMI of 35 kg/m2 (class II obesity) was arbitrary at the time that the 

recommendations were developed, although the guidelines have been functional and 

served well over the years as a cut point indicator for surgical intervention (1). Given the 

increasing severity of class II obesity and the progressive increase of the risk of death, 

effective weight loss for patients with class II obesity is appropriate whether definite 

comorbid conditions are identified or not (92). This conclusion was based on the 
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following: the incidence of comorbid conditions rises progressively as BMI increases, 

and the incidence of a wide variety of cancers is increasingly associated with obesity, 

starting with a BMI of 30 kg/m2 (146). 

Surgical interventions have been shown to decrease mortality. An adjusted analysis of 

2500 patients that underwent bariatric surgery and 7462 matched controls showed a 

significant association between bariatric surgery and lower all-cause mortality after 1 to 5 

years (Hazard Ratio (HR), 0.45 [95% CI, 0.36-0.56]) and 5 to 14 years (HR, 0.47 [95% 

CI, 0.39-0.58]) (147). The reduction of comorbid conditions after bariatric surgery 

includes other diseases, such as type II diabetes, for which surgical intervention was 

associated with a 78.1% complete resolution of diabetes in bariatric patients, and 

diabetes was improved or resolved in 86.6% of bariatric patients (148). At this time, 

there is no known weight loss intervention other than surgical intervention that has 

demonstrated such a decrease. Furthermore, this weight loss among patients with a BMI 

of greater than 35 consistently improved quality of life and medical outcomes (149, 150). 

That said, further assessment of obesity related co-morbidities before and after surgery 

are necessary in order to quantify the improvements (151). 
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CHAPTER 3: RESEARCH DESIGN AND 

METHODOLOGY  

OVERVIEW OF STUDY DESIGN 

A six-month obesity management program for employees of a community hospital was 

designed with the goal of assisting short-term weight loss and preventing weight gain 

among overweight employees. Between 2011 and 2012, a pilot study of the program 

was evaluated by the hospital to evaluate the effectiveness of customized weight-loss 

management program within a corporate setting. This pilot, quasi-experimental 

intervention study is the source of data for this dissertation. 

Specific Aim 1 focuses on an analysis of the effectiveness of the multidisciplinary weight 

loss program to change a series of modifiable health risk factors, body composition, 

clinical indicators, and biological markers from baseline to 6 months for overweight 

participants. Specific Aim 2 evaluates factors associated with achieving weight loss and 

patterns of attrition from the program. Specific Aim 3 evaluates a specific measurement 

issue for research studies of obese individuals and how well body composition 

measurements correlate with standing or supine body circumference measurements. 

The following sections describe the general methods utilized in this intervention study. 

More specific methods and results will be available in the following chapters. 

RESEARCH APPROACH  

The obesity management program was based on the development of a tailored 

management plan for each participant that included educational courses to understand 

the physical and genetic basis of their obesity, tools to address eating behavior and 
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master stress management, and development of long-term approaches to behavior 

change. Participants attended educational seminars and monthly support groups and all 

were clinically evaluated monthly for 6 months by a psychologist, registered dietitian, 

and exercise physiologist. Medical providers conducted assessments the first and sixth 

months of the program. Measures of outcome at six months included: weight change, 

biological markers, body composition measurements, weight and lifestyle inventory 

(WALI), dietary habits and patterns, physical activity factors, and self-perception 

indicators. Healthcare utilization and self-reported modifiable risk factors of this 

intervention cohort of participants were also compared to hospital employees who did 

not participate in the intervention program but who did complete the annual assessment. 

The program was evaluated using two approaches, as noted in the process diagram 

(Figure 8). As part of hospital protocols, all hospital employees were required to 

participate in an annual health assessment. During the recruitment period, 50 employees 

who met the inclusion criteria were randomly selected from the self-referred employees. 

for the pilot obesity management program. These participants were defined as being 

overweight (BMI ≥ 30 kg/m2) according to their assessment results.  
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Figure 8: Obesity Management Program Study Design 

 

The effectiveness of this pilot study was evaluated using two approaches. The first 

evaluation approach compared assessment and healthcare utilization data for the 

intervention group with data from the general hospital staff population. The second 

approach analyzed pre and post intervention outcomes of participants in the controlled 

quasi-experimental intervention study. This analysis of the intervention participants 

compared outcome data of those who completed the program and those who dropped 

out early. 

DEVELOPMENT OF THE CORPORATE DESIGN 

The initial concept of this design was proposed by the corporate benefits department of 

HonorHealth (formerly Scottsdale Healthcare). They wanted to implement an obesity 

management program for employees as part of a corporate wide wellness program 

called Healthy Outcomes. The mission of Healthy Outcomes was to "promote and 

improve the wellness of their entire employee population" and included annual health 

assessments and biometric testing. The program was proposed because corporate 

administration noticed an increase in obesity and obesity-related diseases among their 
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employee-participants in recent annual health assessments. The benefits department 

agreed to fund a pilot version of an obesity management program that had been 

previously developed by the bariatric department for use with their patients (152, 153). 

The research team used the patient program elements along with integrating elements 

of other known successful programs (13, 154, 155). 

METHODS 

STUDY POPULATION 

Key inclusion criteria for the obesity management program included: HonorHealth 

(formerly Scottsdale Healthcare) employees who participated in the Healthy Outcomes 

corporate wellness annual assessment and had a BMI ≥ 30 kg/m2 at the time of the 

health assessment. Key exclusion criteria included: no prior bariatric surgery and 

unwillingness or unable to comply with study schedule of events. Subjects were enrolled 

in the program once they signed informed consent and met all inclusion/exclusion 

criteria. 

HUMAN SUBJECTS APPROVAL AND CONSENT PROCESS 

Each participant was consented in regards to participation in the study and use of their 

medical records. This consent process and the collection of patient records were 

approved by the HonorHealth Internal Review Board (SHC-IRB #2004-20; formerly 

Scottsdale Healthcare Internal Review Board). The University of Arizona Internal Review 

Board deferred to the local Internal Review Board for reliance of oversight. Each 

participant gave their consent to allow for their information to be utilized in future 

research and publications. They also signed consent to allow for extraction of their data 

from an ongoing corporate wellness program, called Healthy Outcomes, in order to 
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compare their health status prior to their participation in the program. This inclusion 

criterion was a corporate mandate so that they could assess the health care utilization 

improvement of employees before and after their participation in the pilot obesity 

management program. 

RECRUITMENT AND SCREENING 

The corporate wellness staff determined if participants of the Healthy Outcomes 

Program were eligible for the intervention by meeting the primary criterion of BMI ≥ 30 

kg/m2 at their annual assessment. These employees were sent a letter and an email 

outlining the weight loss program. Letters were directly sent from the employer to be 

compliant with the Health Insurance Portability and Accountability Act (HIPAA) 

standards. Employees were asked to contact the study coordinator for further 

information. After potential participants attended an informational seminar, they were 

instructed to complete a patient medical history questionnaire, the Weight and Lifestyle 

Inventory, and schedule their intake visit within the clinic. The clinic was located on the 

HonorHealth campus. Although time was not given by the hospital administration for 

attendance at clinic visits, they accommodated hospital employee times by offering clinic 

visits during convenient times and support groups in the evening. Fifty employees self-

referred themselves to participate in the pilot program. Four employees opted out of the 

program before initiation due to inability to comply with study schedule (n=3) and not 

wanting to pay the required co-pay (n=1). After baseline data were collected, two 

additional participants decided they were not capable of fulfilling the study requirements 

(n=2). This resulted in 44 total participants for the duration of the study. After the initial 

subset of subjects was chosen to participate in the program, their baseline data were 

collected. A description of the selection process is illustrated below in Figure 9.  
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Figure 9: Medical weight loss program participant selection 

 

* Data collected at this time point included Healthy Outcomes Assessment only 

** Data collected at this time point included both Healthy Outcomes Assessment and study baseline data 

 

PARTICIPANT INCENTIVES  

The Practice Administrator coordinated billing with the corporate sponsor. The 

participants’ insurance carrier (through their employment at the hospital) was billed for 

services and the participant paid for their copays. The corporate sponsor implemented 
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an incentive for participants to continue in the study by offering a 100% refund of 

participant co-payments if they completed the program.  

DESCRIPTION OF THE INTERVENTION 

This obesity management program combined the modalities of medical management 

and psychological, dietary, and exercise tailored recommendations, and corporate, and 

peer support for the participants in the program. During this program, participants were 

advised to set up plans of action instead of set goals, identify strategies for modifying 

stressors, learn to self-monitor dietary intake, and implement exercise within their 

lifestyle. All participants met with a team of nurse practitioners, registered dietician, 

exercise physiologist and a psychologist on a monthly basis. Monthly, one-hour support 

groups were set up for the participants where they discussed current issues and triggers 

in a social support setting with the psychologist and dietitians. Assessment time points 

were baseline, 3 months, and 6 months. Table 2 outlines the program schedule.  
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Table 2: Program Schedule and Assessments 

2 

DATA COLLECTION AND MANAGEMENT 

INSTRUMENTS AND VARIABLES 

Anthropometric Measures. Trained staff performed the anthropometric measures (e.g., 

weight, height, and circumference measurements). A Tanita Digital Scale - Model TBF-

310GS Body Composition Analyzer (Tanita Corporation of America, Inc., IL) was used to 

record weight with the participant wearing light clothing and no shoes. The Tanita Digital 

Scale is an FDA cleared body composition analyzer that has a weight capacity of up to 

600 lbs. We utilized bioelectric impedance calculations from the Tanita Digital Scale to 

collect measurements of basal metabolic rate, fat mass, percent fat, fat free mass, and 

                                                
2 ft=feet; in=inches; lbs=pounds; calc=calculated; FFM=fat free mass; %=percent; 
circ=circumference 
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total body water. Height was recorded using a wall-mounted stadiometer that was 

calibrated annually by the hospital biomedical department. All the body circumference 

measurements were made by the same medical assistant within the bariatric practice of 

the hospital with a predetermined manual of operations for taking measurements based 

on the National Institutes of Health criteria (56). The measurements were taken with a 

cloth measuring tape in the standing and supine position. To prevent any measurement 

bias, anatomical positioning was noted in both positions in order to assure accurate 

positioning. Both standing and supine measurements were taken of the waist, hip, and 

thigh area at baseline and at the completion of the obesity management intervention. 

Weight and Lifestyle Inventory (WALI). Each participant was asked to complete a WALI 

survey prior to their assessment with our clinical psychologist. The WALI is a 

comprehensive inventory of many factors that affect potential success of weight loss 

(156). The WALI has been shown to have good reliability for psychological factors 

related to obesity (157). The sections included within the WALI are demographic 

information, weight history, family weight history, weight history during pregnancy and 

menstrual cycle, weight loss history, weight loss goals, tobacco and alcohol use, eating 

habits, food intake recall, eating patterns, physical activity, family and living 

arrangements, self-perceptions, psychological factors, timing of stressors, and medical 

history. 

Attitude and Behavior Survey. This is a 5-question questionnaire implemented by the 

bariatric department’s clinical psychologist, David Engstrom, PhD, of the patient's self-

assessment of prior weight loss success, severity of current stressors, level of social 

support, sleep patterns, and problematic eating patterns. Based on a Likert scale for 

each question, an aggregate score was computed as an initial indicator of the patient's 

self-assessment for weight loss success. In subsequent clinic visits, the patient 
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completed a follow-up questionnaire that assessed self-efficacy and program adherence.  

Psychological and Behavioral Evaluation. A comprehensive evaluation was conducted at 

the first psychological visit that included the following assessments: the patient’s current 

psychological profile, weight history, family weight history, weight loss history, weight 

loss goals, sleep patterns, tobacco and alcohol use, eating behavior and patterns, 

physical activity history, family and social support, medical history, presentation and 

mental status, psychosocial context (including biological factors, environmental factors, 

social/psychological factors, and timing factors), and a psychological summary. 

Physical Exam and Laboratory Measures. At the initiation and completion of the 

intervention, subjects were evaluated by a medical provider with a standard physical 

exam. The vitals acquired included systolic and diastolic blood pressure. Laboratory 

measurements were also obtained that included total cholesterol, high-density 

lipoprotein, low-density lipoprotein, triglycerides, fasting blood sugar, hemoglobin A1c, 

and a quantitative cotinine test. 

Dietary and Exercise Measures. During the dietary intervention, the registered dietitians 

reviewed monthly self-assessments, which included satiety measurements, compliance 

factors, eating patterns, and food logs, with the subjects. During the fitness/wellness 

evaluation, the exercise physiologist performed a two-minute step test, which included 

time completed and heart rate, and then scored them on a rated perceived exertion 

scale. The subjects also performed a balance, flexibility, and grip strength examination. 

SOURCE DOCUMENTATION 

All patient information was recorded within the electronic medical record (EMR) system, 

Nextgen. This gave us the capability of extracting longitudinal data for each individual 

pilot study participant. Each provider and staff member entered their own case report 
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forms into our EMR system and dictated their notes immediately after seeing the patient. 

Recall bias was reduced due to this process. Health care utilization data were extracted 

by the corporate benefits department from their insurance database. 

STUDY ADMINISTRATION AND TRAINING 

This obesity management program was designed and administered by the Director of 

Research at the Scottsdale Healthcare Bariatric Center. Study procedures were 

developed with input and expertise from all modalities of the program including the 

Medical Director, Registered Dieticians, Exercise Physiologists, and Psychologists. 

Training took place at the initiation of the program to ensure that staff were informed of 

the timeline and trained on all study procedures. The Bariatric Coordinator was involved 

in scheduling and corresponding with participants.  

DATA ANALYSIS PLAN 

SPECIFIC AIM 1 

Evaluate the effectiveness of the multidisciplinary weight loss program to change a 

series of modifiable health risk factors, body composition, clinical indicators, and 

biological markers from baseline to 6 months for overweight participants. 

Specific Aim 1: Definition of Study Outcome Measurements 

The primary outcome for this study was percent weight change (%WL). Other weight 

related outcome measures that was reported, but not used for the primary analysis, 

included weight loss (∆ pounds), BMI units lost (∆ BMI), and percent excess body weight 

lost (%EBWL). These different metrics of reporting weight loss were used because the 

preference of various medical disciplines differ for measuring success in obesity 

management. 
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The distinct measurements of weight loss were calculated as follows (158): 

Table 4: Study Outcome Measurements 

METRIC ABBREVIATION FORMULA 

Weight lost (in pounds) Δ pounds 
Initial Weight (lbs) − Final Weight 
(lbs) 

BMI units lost Δ BMI Initial BMI − Final BMI 

BMI achieved  Final BMI 

Percent excess body weight 
lost 

% EBWL 
𝐼𝑛𝑖𝑡𝑖𝑎𝑙 𝐵𝑀𝐼 − 𝐹𝑖𝑛𝑎𝑙 𝐵𝑀𝐼

𝐼𝑛𝑖𝑡𝑖𝑎𝑙 𝐵𝑀𝐼
 × 100 

Percent weight change % WL 

𝐼𝑛𝑖𝑡𝑖𝑎𝑙 𝑊𝑒𝑖𝑔ℎ𝑡 − 𝐹𝑖𝑛𝑎𝑙 𝑊𝑒𝑖𝑔ℎ𝑡

𝐼𝑛𝑖𝑡𝑖𝑎𝑙 𝑊𝑒𝑖𝑔ℎ𝑡
 

× 100 

 

Other outcome assessments included body weight, hip and waist circumference, 

psychological factors (quality of life), dietary and exercise outcomes (eating behavior 

and exercise evaluation), and health indicators (blood pressure, plasma lipid markers).  

Specific Aim 1: Primary Analysis 

The outcome measure for the primary analysis was the mean percent weight change 

(%WL) of the participants from baseline to 6 months (or last recorded weight). The 

central objective of the primary endpoint is to demonstrate that the participants of the 

intervention lose a clinically valuable amount of weight after they complete the program. 

The hypothesis for the primary outcome measure is: 

H0: %WL of intervention participants ≤ 5% 

HA: %WL of intervention participants > 5% 

SPECIFIC AIM 2 
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Evaluate factors associated with achieving weight loss and patterns of attrition from the 

program. Weight and lifestyle factors to be evaluated include onset of obesity, family 

history, weight loss history, weight loss goals, self-perceptions, physical activity factors, 

and eating habits/patterns. 

Specific Aim 2: Definition of Study Outcome Measurements 

Adherence to self-monitoring was assessed by either paper diary or online method for 

both diet and exercise. These objective measures were verified at each follow-up 

appointment by the providers and staff. Health care utilization data of participants was 

extracted from corporate records in order to compare the difference of healthcare costs 

and provider visits prior to and after participation in the program. This utilization data was 

then compared to all corporate employees that participated in the Healthy Outcomes 

assessment. 

Specific Aim 2: Primary Analysis 

The purpose of the analyses is to demonstrate that the participants that completed the 

intervention (completion group) lost significantly more weight than the group that did not 

complete the program (attrition group). The outcome measure is the within-group mean 

%WL of each group calculated between baseline and 6 months (or the last recorded 

weight). The hypothesis for this first endpoint is: 

H0: %WL in completion group ≤ %WL in attrition group  

HA: %WL in completion group > %WL in attrition group 

The analysis for this outcome measure was an analysis of covariance (ANCOVA). The 

statistical significance of the effect of the treatment was assessed by the p-value 

associated with the t-test statistic for group classification at the 0.05 level.  

Missing data were limited because of the rigid follow-up schedule. However, there were 
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missing data because of participants that did not complete the program. For the purpose 

of evaluating the patterns of attrition among program participants, all subjects attending 

the first intake visit were included for analyses. Dropout rates were calculated at each 

monthly clinic visit. The total attrition rate was defined as leaving the program any time 

prior to month 6. Three levels of attrition to assess dose response were defined as: 1) 

No dropout (completers): participant completed 6-month intervention, 2) Early dropout 

(primary attrition): dropout occurred sometime between program initiation and prior to 

month three, and 3) Latent dropout (secondary attrition): dropout occurred sometime 

between month three and month six.  

Psychological factors, dietary and exercise outcomes, and health indicators were 

evaluated in describing the varying degrees of attrition. Potential confounders included 

weight loss attempts, demographic characteristics (age, marital status, and educational 

level), medication use, and years at present weight. 

SPECIFIC AIM 3 

Determine if body composition measurements (BMI, weight, basal metabolic rate, fat 

mass, percent fat, fat free mass, and total body water.) correlate with standing or supine 

measurements of waist, hip, or thigh circumferences, while determining if there is a 

significant difference between recording measurements in both positions.  

Specific Aim 3: Definition of Study Outcome Measurements 

This sub-study within the protocol compared hip/waist measurements while the patient 

was standing up and while they were in the supine position. The primary outcome for 

this study was the difference between standing and supine circumferences of waist, hip, 

and thigh measurements. 

Specific Aim 3: Primary Analysis 
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Simple linear regression analysis was used to compare the relationship between the 

standing and supine measurements of each individual. The difference between the 

standing and supine measurements of each individual was calculated at baseline to 

estimate the difference between the two techniques, and to determine if this difference 

was large enough to cause an issue in clinical interpretation of these measurements.  

Since high correlation does not automatically imply that there is good agreement 

between the two techniques, we used the Bland-Altman plot, also called the Tukey mean 

difference plot, in order to demonstrate the agreement between the two circumference 

measurement protocols (standing versus supine). This was an alternate way to address 

the difference between two sets of measures. By using this method, we could investigate 

the existence of any systematic difference between measures that were made by two 

different techniques and identify possible outliers.  

A Bland-Altman plot includes the mean difference between the two techniques and the 

95% confidence interval. If we saw a trend between points being above versus below 

our mean difference there may be proportional bias present. Subsequently, we utilized a 

linear regression model to determine the linear trend of bias. After looking at the model 

coefficient for the mean, we considered the significance level for the test of the 

hypothesis that the coefficient of the mean was equal to zero. If we rejected the null 

hypothesis (p<.05), then that would be consistent with the presence of proportional bias. 

If we accepted the null hypothesis (t-test is not significant; p>.05), there would be no 

proportional bias and there was a level of agreement between the two values.  

If we did find proportional bias; it meant that the variance of the mean difference varied 

across the range of the mean (vertical spread of scatter points was much narrower at 

low values than at high values of the mean difference). We calculated the natural 
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logarithms of the two measures, recalculated the difference and the mean, redrew the 

scatterplot, and reassessed agreement between the two measurement techniques. 

Ultimately, if fixed bias existed, it could be adjusted by subtracting the mean difference 

from the new method. 

SAMPLE SIZE AND POWER 

During discussion with the corporate sponsor, they required that the intervention 

program be tested on a smaller sample in order to justify its expansion to the rest of the 

corporation, and agreed to the recruitment of 50 participants. We expected attrition rates 

to be 30% based on literature of non-surgical weight loss programs (159, 160, 161, 162, 

163). Based on previous research described in the literature, we forecast that this 

program can achieve an effect size of 5% weight change over the 6-month period (116, 

164). Given this effect size, we can expect that with an alpha of 0.05 and a sample size 

of 50 participants, the potential power of the study was 95%.  

There were also different ways to address our outcome variable of weight loss. When 

using the outcome measurement as a nominal variable, we counted the number of 

participants that obtained a result of 5% or greater weight loss during the 6 months of 

participating in the program. When using the outcome measurement as an interval, we 

utilized the value (in pounds) of weight loss achieved while participating in the 6-month 

Figure 10: Power as a Function of Sample Size 
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program. To test the null hypothesis that using a multidisciplinary approach to non-

surgical obesity management leads to weight loss, a sample size of 50 participants with 

an alpha of 0.05 has power of 0.96 to yield a statistically significant result. This power 

analysis assumes that the mean difference is 5.27% total weight loss and the within 

group standard deviation is 0.34. 

MAIN DATA ANALYSIS DESCRIPTION 

For the general data analysis, quantitative outcome data was analyzed with the following 

descriptive statistics: means (standard deviation) for normally distributed continuous 

variables, medians (interquartile range) for those continuous variables that were not 

normally distributed, and proportions (95% CI) for categorical variables. Changes in 

clinical parameters was tested at initiation and again at 6 months follow-up by t-test for 

paired continuous data or by ranks (Wilcoxon test) for data that was not normally 

distributed. These clinical parameters include those listed in the appendix. Group 

differences of categorical data were analyzed using chi square tests. This included count 

data for the number of participants that achieved a 5% or greater total weight loss at 6 

months.  

When initially assessing the relationship between each individual predictor variable and 

the dependent variable, univariate linear or logistic modeling were utilized. Variables that 

were significantly (p<.05) or marginally significant (p<.10) in the univariate analyses 

were included in multiple linear regression models for continuous dependent variables 

and logistic regression models when the dependent variables are dichotomous. For all 

measurements taken at each visit over time, such as weight, basal metabolic rate, fat 

free mass (lbs), total fat mass (lbs), percent fat of total body weight (percent), and total 

body water, a repeated measures statistical analysis was utilized to determine the 
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variation involved with these variables within each subject and how these measurements 

change over time. 

By analyzing the data from this obesity management program, we were able to calculate 

the variability of the main outcome measure, weight loss by each participant before and 

after intervention, and whether it affects the wellness of its participants. This variability 

enabled the corporate sponsors to assess the cost effectiveness of the worksite health 

promotion program and whether to implement it corporate-wide. 
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CHAPTER 4: RESULTS  

INTRODUCTION 

This chapter gives an overview of the results of the medically supervised obesity 

management intervention examined within this dissertation. Three separate analyses 

were performed to address the specific aims of the research.  

Following the summary of the demographic variables of the participants, each research 

question will be addressed and the respective results will be presented. Each hypothesis 

includes its accompanying data analysis and findings. This chapter concludes with a 

brief overview of the outcomes from additional analysis that were not included in the 

manuscripts. 

DEMOGRAPHIC CHARACTERISTICS OF PARTICIPANTS 

Demographic characteristics of participants within the intervention in comparison to the 

underlying employee population are shown in the Table 3. Additional baseline 

characteristics are available in Table 1 of Appendix A. A total of 4471 employees 

completed the health assessment in 2010 and 1333 employees were identified as 

overweight or obese with a BMI ≥ 30 kg/m2. There were characteristics that were 

marginally different from the community hospital employees that were screened in the 

Healthy Outcomes program with a BMI greater than 30 (n=1287) and the weight loss 

intervention group (n=46). These included considerably more females in the intervention 

group (73.8% vs 91.3%, respectively), the mean BMI of the group (35.9 vs 37.5), 

percentage of subjects with diabetes (5.5% vs 18.2%), exercise habits (19.4% vs 

34.1%), and differing percentages within each age group. Although not statistically 

different, the non-participant employee comparison group (n=1287) was classified at 
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81.5% obese (BMI 30-40 kg/m2) and 18.5% morbidly obese (BMI >40 kg/m2) as 

compared to the intervention participants, where 69.6% were classified as obese and 

30.4% morbidly obese. 

The participants included 91.3% females, with a mean age of 48.6 ± 10.9 years. The 

group consisted of primarily Caucasian adults (82.2%), with a marriage rate of 53.3%, 

and 34.1% of participants had children under the age of 18 living at home. The mean 

BMI of the group was 37.5 ± 5.8, of which 30.4% were considered in the morbid obesity 

category (BMI > 40). 

Table 3: Hospital Employee Demographics Compared to Intervention Participants 

 
Variable 

Hospital Employees 
BMI ≥ 30 
n=1287 

Weight Loss 
Intervention Participants 

n=46 

 Mean ± SD (Min, Max) Mean ± SD (Min, Max) 

 n (%) n (%) p 

       

D
e
m

o
g

ra
p

h
ic

s
 

Sex † Female 950 (73.8) 42 (91.3) 0.008** 

Age ^ Mean Age 45.1 ± 12.3 (19,79) 48.6 ± 10.9 (26,65) 0.08* 

Age 
Group † 

18-35.0 323 (25.2) 5 (10.9) 

0.08* 
35.1-45.0 318 (24.8) 15 (32.6) 

45.1-55.0 348 (27.1) 11 (23.9) 

55.1+ 295 (23.0) 15 (32.6) 

Race † 

White 957 (76.3) 37 (82.2) 

0.32 
Hispanic 169 (13.5) 2 (4.5) 

Black 75 (6.0) 4 (9.1) 

Other 54 (4.3) 2 (4.5) 

Marital 
Status † 

Married 688 (55.0) 24 (53.3) 
0.82 

Single/Other 562 (45.0) 21 (46.7) 

Children † <18 yrs Living At Home 481 (37.8) 15 (34.1) 0.61 

Obesity 
Status 

Height (in) ^ 65.9 ± 3.4 (61.0,74.0) 64.6 ± 6.3 (61.0,73.0)  

Weight (lb) ^ 218.1 ± 38.5 (123,456) 226.6 ± 38.4 (149,299) 0.14 

Waist Circ (in) ^ 42.4 ± 5.1 (29.0,70.0) 43.8 ± 6.3 (36.5,51.5) 0.46 

BMI ^ 35.9 ± 5.4 (30.0,75.9) 37.5 ± 5.8 (30.0,49.8) 0.046** 

* Test statistic is significant at the 0.10 level (2-tailed) 
** Test statistic is significant at the 0.05 level (2-tailed) 
*** Test statistic is significant at the 0.01 level (2-tailed) 
^ Independent Samples T-Test 
† Chi-Square Test for Association; SD=standard deviation 

SPECIFIC AIM #1: CHANGE IN MODIFIABLE RISK FACTORS  

Appendix A contains manuscript #1 (Evaluation of a medically supervised, 

multidisciplinary obesity management program at a community hospital). Results are 
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summarized here. This research question addressed whether the participants of the 

weight loss intervention improved their health characteristics after the completion of the 

program. The primary hypothesis was that after completion of the program, participants 

would lose >5% of their baseline weight. They would also improve their modifiable health 

risks, along with their clinical and biological markers.  

A total of 26 individuals of the original 44 participants (response = 59.1%) finished the 

entire 6-month schedule and completed their 6-month assessment, while 18 completed 

less than six months follow-up and did not participate in the final assessment (mean 

follow-up of the attrition group was 2.9 months versus 6.6 months for the completers). 

Baseline characteristics of those participants that completed the intervention were 

similar to those that dropped out prior to the 6-month visit. However, the 26 participants 

that completed the six month program lost significantly greater weight when compared 

with the group that did not complete the intervention (12.6 ± 10.6 lbs. versus 4.6 ± 3.8 

lbs.; p=0.004). Their percent weight loss from baseline was also significantly different 

from the attrition group (5.6 lbs ± 4.5% versus 1.9 lbs ± 1.3%; p=0.002).  

The intent to treat analysis (Table 3b, Appendix A) showed the differences between the 

initial visit data and the last visit that each participant completed for all 44 subjects that 

started the program. There were statistically significant differences for change from 

baseline to completion in WHR (0.91 ± 0.12 versus 0.77 ± 0.28; mean difference 0.14; 

p=0.01), neck circumference (15.7 in. ± 1.6 in. versus 14.5 ± 0.9 in.; mean difference 1.1 

in.; p=0.03), and thigh circumference (28.0 ± 2.7 in. versus 24.0 ± 2.8 in.; mean 

difference 4.0 in.; p < 0.001). In this analysis with the complete group, the percent weight 

loss from baseline was still statistically different from baseline (4.1 ± 4.0%; p<0.001). 

SPECIFIC AIM #2: PATTERNS OF ATTRITION  
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Appendix B contains manuscript #2 (predictors of attrition from a corporate sponsored 

medical weight loss intervention with community hospital employees). Results are 

summarized here. For the second manuscript, the primary hypothesis was that the 

amount of weight loss would be inversely correlated with the rate of attrition from the 

program. We also sought to assess factors that could influence attrition and if these 

factors were related to weight loss. For this evaluation, three levels of attrition were 

defined:  1) No dropout (completers): participant completed 6-month intervention, 2) 

Early dropout (primary attrition): dropout occurred sometime between program initiation 

and prior to month three, and 3) Latent dropout (secondary attrition): dropout occurred 

sometime between month three and month six. 

As stated above, 26 employees (59.1%) completed the 6-month intervention, with an 

overall attrition rate of 40.9%. The primary attrition rate (between initiation and month 3) 

was 27.3% (n=12) and the secondary attrition rate (between month 3 and 6) was 13.6% 

(n=6). Final weight loss was compared between those that completed the program and 

those that did not. Amount of total weight loss was significantly higher in completers 

(12.6 ± 10.6 lbs. vs. 4.6 ± 3.8 lbs.; p=.004) when compared to non-completers, as was 

percent weight loss (5.6% ± 4.5% vs. 1.9% ± 1.3%; p=.002). 

The odds of attrition (or non-completion) were calculated through binary logistic 

regression. The final model to predict non-completion status included baseline systolic 

blood pressure, self-reported hunger scale, participant compliance with consuming three 

meals per day, compliance with logging food, weight loss goal for the program, and 

number of eating outside the home occasions per week. Within this model, increased 

systolic blood pressure [OR=1.22 (95%CI 1.04 to 1.42)] and decreased compliance with 

three meals per day [OR=.91 (95%CI .84 to .996)] were statistically significant predictors 

of attrition from the program. 
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Multinomial logistic regression was used to calculate the odds of attrition at the different 

time points, in order to compare primary and secondary attrition to completion of the 

intervention. Following univariate analyses, variables included in the model were 

baseline systolic blood pressure, participant compliance with consuming three meals per 

day, first age at overweight by more than 10 pounds, and weight loss goal/expectation 

for the program. Statistically significant predictors of primary attrition (prior to 3 months) 

included an increase in systolic blood pressure [OR=1.12 (95%CI 1.02 to 1.24)] and 

decrease of participant compliance with consuming three meals per day [OR=.93 

(95%CI .861 to .979)]. Secondary attrition (between 3-6 months) was statistically 

associated with a decreased compliance with eating three meals per day [OR=.94 

(95%CI .88 to .999)] and an increase in weight loss expectations for the intervention 

[OR=.1.07 (95%CI 1.0 to 1.15)]. 

SPECIFIC AIM #3: DIFFERENCES IN BODY COMPOSITION MEASUREMENTS  

Appendix C contains manuscript #3 (Comparison of supine versus standing body 

composition measurement techniques in an obese population). Results are summarized 

here. The third and final manuscript focused on how body composition variables 

correlated with anthropometric measurements, specifically those measurements that 

were taken in two different positions (standing versus supine). The purpose of this study 

was to assess the reliability of taking circumference measurements, which have been 

used as direct measures of risk, in an obese population (33, 46, 52). Table 4, below, 

shows the body composition and circumference variables, at baseline and completion of 

study. 
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Table 4: Body Composition and Circumference Variables, at Baseline and Completion of Study 

 Baseline Completion 

 Mean SD Mean SD 

Age (years) 49.3 10.6 48.8 11.6 

Weight (lbs) 231.7 35.3 217.0 33.3 

Height (in) 65.3 3.3 65.9 3.3 

BMI (kg/m2) 38.2 5.6 35.1^ 4.1 

BMR 7411.1 1089.8 7346.8 1174.8 

Fat Mass (lbs) 108.4 24.2 95.8^ 21.6 

Fat % 46.6 4.6 44.0^ 5.6 

Fat Free Mass (lbs) 122.1 18.2 121.3 21.4 

Waist to Hip Ratio .91 .11 .77^ .28 

Neck 15.7 1.6 14.5^ 0.9 

Waist -Standing 46.6 4.6 44.7 5.7 

Waist - Supine 46.8 5.0 44.4 6.3 

Hip - Standing 51.6 4.7 49.6 4.5 

Hip -Supine 50.7 4.0 48.0^ 4.3 

Thigh - Standing 28.0 2.7 24.0^^^ 2.8 

Thigh - Supine 27.7 2.6 24.7^^ 3.5 

Baseline n=44; Completion n=26; SD=standard deviation; lbs=pounds; in=inches; BMI=body mass index; kg=kilograms; 
BMR=basal metabolic rate 

Statistical significance of difference between baseline and completion: ^ P < 0.05; ^^ P < 0.01; ^^^ P < 0.001, 
Student's t test 

 

Table 3 in Appendix C shows that most body composition variables were more highly 

correlated more with supine measurements in hips and thigh measurements. An 

increase in body mass index was associated with a greater magnitude of discrepancy in 

the measurement of waist circumference between the two techniques (p = 0.02). The 

mean absolute difference between the two techniques (standing vs. supine) was 4.14 

inches (SD=1.9), although the mean difference of each individual anatomical 
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measurement was greater between the standing and supine measurements of the hips 

(0.86 inches; SD=1.68). Overall, there was a greater difference between standing and 

supine hip measurements, which was evident in the Bland-Altman plots within Figure 2 

of Appendix C. This was consistent with the presence of proportional bias. This was not 

seen in either the waist or thigh measurements.  
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CHAPTER 5: DISCUSSIONS, CONCLUSIONS, AND 

IMPLICATIONS  

SUMMARY OF STUDY AIMS 

The primary objective of this dissertation research was to evaluate the intrinsic value and 

effectiveness of a corporate-sponsored, medically-supervised weight loss program for 

overweight and obese employees of a community hospital. This objective was 

accomplished by examining changes in body composition, clinical indicators, and 

biological markers from baseline to six months among participants. The primary 

hypothesis for this study was that a multidisciplinary approach to non-surgical obesity 

management would lead to weight loss and decreased morbidity in employees that 

participated in a corporate sponsored program. Other factors were also analyzed, such 

as predictors of attrition and the reliability of measurements. 

DISCUSSION OF FINDINGS 

Participants were hospital employees that had completed an annual company health 

assessment. From this assessment, employees with a BMI of greater than 30 kg/m2 

were invited to participate. Fifty employees self-referred themselves to participate in the 

pilot program. Four employees opted out of the program before initiation due to inability 

to comply with study schedule (n=3) and not wanting to pay the required co-pay (n=1). 

After baseline data were collected, two additional participants decided they were not 

capable of fulfilling the study requirements (n=2). This resulted in 44 total participants for 

the duration of the study. 

The primary outcome measure for specific aim #1 was total percent weight loss (total 

%WL). Of the participants that completed the program at six months (n=26), the total 

%WL was 5.6%, which would be considered a successful intervention. We also 
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observed that 43.8% of the participants achieved at least 5% total %WL. The intent to 

treat analysis, which included all participants (Table 3b in Appendix A) confirmed a mean 

total weight loss of 9.3 lbs. among the entire group (n=44) and a total percent weight 

loss of 4.1%.  

Studies have shown that the effectiveness of weight loss programs is highly variable. 

Contributing factors may be the mode of delivery, the length of intervention, and the type 

of participants that are enrolled in the program. Some 6-month commercial weight loss 

programs, many with behavioral counseling components, have been shown to deliver a 

mean percent weight loss between 0.8 % and 7.5% (165, 166, 167, 168). In a systematic 

review of trials that evaluated worksite weight loss programs, it was noted the average 

mean weight loss for a six month program was between 1.1 and 3.3 lbs with non-

significant results (169). Results for both commercially available and worksite programs 

were varied and highly dependent on the type of providers that advised patients (170), 

with worksite programs systematically showing less weight loss than commercial plans. 

Nonetheless, the results of the intent to treat analysis of the currently presented study 

were comparable to other programs with a mean percent weight loss of 4.1%, with a 

corresponding 5.6% mean weight loss in those participants that completed the program. 

Although a statistically significant change in weight or percent weight loss was not 

detected by the intent to treat analysis, a statistically significant change in weight was 

associated with length of participation. This was demonstrated by the analysis of those 

that completed the program as compared to those subjects who did not complete the 

program (12.6 ± 10.6 lbs. lost among completers vs. 4.6 ± 3.8 lbs lost for the non-

completers.; p=.004). This was also seen in percent weight loss when comparing 

completers versus non-completers (5.6% ± 4.5% vs. 1.9% ± 1.3%; p=.002). The 

participants were more likely to experience a decrease in weight as they continued to 
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participate in the program, indicating a dose effect with time in the program. This would 

suggest that reduction of attrition within a weight loss program, or identifying strategies 

to help clients stay in the program longer could be associated with increased benefits. 

In the currently presented program, we experienced an attrition rate of 40.9% over the 6-

month period. Other studies have reported attrition or dropout rate between 26.8% and 

70.9% for varied interventions lasting between 3 and 12 months (15, 160, 171, 172, 173, 

174). Many factors were related univariately to attrition within the present study, but few 

remained statistically significant associations in adjusted regression models. Factors that 

remained significant included higher baseline systolic blood pressure and a decreased 

compliance with eating three daily meals. The factors contributing to attrition in other 

studies varied and were dependent on program category, participant status, and mode 

of delivery. Some researchers proposed that older age, higher education, healthier 

eating and physical activity behaviors, higher stage of change at baseline and higher 

initial weight loss might predict better adherence (162). Poor adherence and increased 

attrition were predicted by having depression, stress, strong body shape concern, more 

previous weight loss attempts, and being unemployed (162). Variable conclusions were 

made for self-efficacy, motivation and male gender (162). 

The frequency of meals and eating patterns have been controversial topics in the world 

of obesity. Some research has shown that small, frequent meals are more effective in 

assisting individuals in losing weight by stabilizing their blood sugar levels; some have 

indicated that three meals are more beneficial, whereas the latest research is studying 

the effects of intermittent fasting on weight loss (175, 176, 177). The dietitians for this 

intervention chose to recommend eating a minimum of three meals per day to the 

participants based on the current research when the study was conducted (178). The 

fact that decreased compliance of eating three meals a day predicted attrition from the 
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study could be due to their lack of weight loss progress because they were overall not 

compliant with the dietary recommendations. It is also possible that the program non-

compliance caused a blood glucose imbalance that increased the amount they ate at 

their next meal, congruent with current research (179). 

There have been inconsistent results in relation to the association between weight loss 

expectations and attrition. Several studies have suggested that the likelihood of attrition 

from a program increases alongside the increase of pretreatment weight loss 

expectations, along with poor initial treatment response (180, 181). Some studies have 

found that unrealistic expectations could lead to an increase in dropout rates (182, 183, 

184), while others have not found a relationship between the two (21, 185). In this 

current study, total weight loss and percent weight loss were significantly higher in 

completers when compared to non-completers. This might suggest that reduction of 

attrition within a weight loss program by identifying strategies to help clients stay in the 

program longer could be associated with increased benefits. However, the lack of weight 

loss could be increasing the rate of attrition. 

A minimal amount of literature is available to assess which body position measurement 

technique for body composition (either standing or supine) is more appropriate for obese 

individuals. Research studies of body composition, typically specify standing 

measurements based on old, and potentially outdated, protocols (56). More recent 

studies focus only on the issue of reproducibility of dual-energy x-ray absorptiometry, 

tomography, or bioelectrical impedance methods, not the measurement of body 

circumferences within a clinic setting (186, 187, 188, 189, 190). The current study was 

done to allow a specific comparison of measurement approaches to determine if 

positioning would make a difference in the accuracy of the measurements since they are 

used as a surrogate for disease risk.  
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When analyzing the reliability of circumference measurements, both standing and supine 

measurements correlated highly with body composition variables, such as weight, BMI, 

and fat mass. This correlation showed a significant degree of agreement between both 

techniques. However, when assessing the Bland-Altman Plots, there was evidence of 

proportional bias present in the hip measurements. The analysis suggests that both 

supine and standing measurements acquired in the hip region should be interpreted with 

caution in patients who have a higher BMI. The currently accepted method of taking 

body measurements in a standing position is a useful tool for assessing disease risk in 

patients with a lower BMI, however, the current analysis suggests that further study is 

needed for individuals with higher BMI and adiposity in the regions being measured. 

STRENGTHS AND LIMITATIONS 

Implementation of a worksite wellness program with hospital employees can be 

challenging. The long shifts of hospital employees and 24-hour operations of the facility 

can create an atmosphere that is not compatible with making lifestyle changes that 

facilitate healthy choices necessary for a weight loss program to succeed. The high 

attrition rate from the study, both at the initiation of the program and throughout the 

implementation, was a limitation. Due to funding constraints established by the hospital, 

we were restricted to enrolling only 50 participants. However, because the overall 

dropout rate (40.9%) was higher than expected, the final sample size led to lower power 

to detect differences for some outcome measures, even though trends were observed. 

Furthermore, the funding issues did not allow a formal randomized controlled trial. This 

quasi-experimental design and lack of control group reduced the internal validity of the 

study. Also, the self-referral of participants limited the generalizability of the results. 

Therefore, the results obtained with this research are less conclusive even if they are 

reflective a of real-world clinical environment. 
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A major strength of this pilot intervention was the demonstration of the feasibility of 

implementing a multidimensional, tailored intervention within a realistic clinic setting. 

This evaluation enabled the creators of the program to include components of the 

intervention that were not normally part of usual clinic-based weight loss programs. The 

investigation of attrition and measurement factors also gave us the ability to tailor future 

program components to minimize dropout rates and measurement errors. 

This pilot program gave us the opportunity to investigate other methods for expanding 

and initiating the intervention to include additional employees, along with improving 

implementation and administration of the program. However, the corporate sponsor 

decided not to implement the program corporate wide because of the lack of resources 

and costs associated with implementation of the program in an expanded setting. 

CONCLUSIONS AND LONG TERM GOALS  

The purpose of this program was to include all aspects of a weight loss curriculum that 

affect obesity including medical assessments, dietary counseling, exercise instruction, 

and psychological intervention. Some future directions include (1) improved follow-up 

and communication strategies to ensure the return of participants to each monthly visit, 

(2) the option of weekly visits with each provider instead of one monthly visit with all 

providers back to back, in order to shorten the visit time and provide more frequent 

interactions, (3) the inclusion of a mid-program evaluation to implement changes 

throughout the program based on participant feedback, and (4) providing additional 

methods of communication to encompass all types of schedules and learning styles 

such as online course, video conferencing for sessions with providers, newsletters, and 

various cell phone applications to increase participation. Additional analysis will be 

conducted to include psychological variables and participant perceptions of the program. 
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We would also like to have additional avenues for collecting data, such as health 

utilization and absenteeism information for corporate reporting parameters. These 

improvements would also decrease expenses due to lowering operational costs with 

differing consultation techniques. 

We expect that this weight loss program will be appropriate for a larger scale corporate-

wide protocol for treating obesity and could yield an improvement in corporate employee 

health status. Even though the hospital administration is not funding an expansion of the 

program, the long-term goal of the co-investigators is to restructure the hospital’s 

bariatric service line to include a multifaceted approach to obesity management to give 

other non-surgical pathways to patients with obesity, instead of only surgical solutions. 

This approach will enable the department to also provide services that can be utilized by 

other corporations and managed care organizations. 

Many organizations are taking preventative measures to improve the health of their 

employees. Employees spend approximately one third of their day at work, which makes 

wellness initiatives at the place of employment important for implementing an obesity 

management program. The innovation of this research included the program's ability to 

alter the underlying process of weight loss by modifying the intervention based on core 

elements that affect the cascade of factors associated with obesity. Many health-related 

risk influences, such as BMI, fat mass, and body measurements, improved in those 

participants that completed the program. The subsequent 5.6% mean weight loss and 

2.1 kg/m2 decrease in BMI in those participants that completed the program indicates 

that this multidisciplinary approach may be an effective strategy for obesity 

management. 

Discovering the causes of attrition from weight loss interventions can help characterize 
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some of the issues that produce a substantial liability on the development and 

implementation of wellness programs. The financial costs involved in recruiting 

participants and collecting data, only to be lost to follow-up, are of great concern to 

companies that are sponsoring these programs. The loss of outcome data can also 

compromise the analysis of the effectiveness of the program for future funding. It has 

been projected that the global burden of obesity will include 1.35 billion people that will 

be overweight and 573 million individuals will be obese by the year 2030 (191). This 

rising prevalence is of great concern due to the associated diseases that obesity can 

cause, such as cardiovascular disease, metabolic disorders, and cancer. The combined 

medical costs accompanying the treatment of these diseases are estimated to be $48-66 

billion per year by the year 2030 in the U.S. alone (192). The capacity to predict attrition 

and success in a weight loss program because they are most likely to complete the full 

treatment may have a substantial impact on this public health burden.  
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Objective:  

To evaluate effectiveness of a corporate-sponsored medically-supervised weight loss program for 

obese employees of a hospital by determining change in body composition, clinical indicators, 

and biological markers from baseline to 6 months. 

Methods: 

Employees who were overweight/obese [body mass index (BMI) ≥ 30 kg/m2] at their health 

assessments volunteered to participate in a 6 month program (n=50). Participants were initially 

evaluated by a medical provider; then monthly by a psychologist, registered dietitian, and 

exercise physiologist. Participant outcome data included weight change, biological markers, body 

composition, psychological inventory, dietary/exercise patterns, and self-perception indicators.  

Results: 

The non-participant employee comparison group (n=1287) was classified at 81.5% obesity I/II 

(BMI 30-39.9 kg/m2) and 18.5% severe obesity III (BMI >40 kg/m2) as compared to the 

intervention categories of 69.6% and 30.4%, respectively. The mean baseline weight was 226.6 ± 

38.4 lbs. Participants that completed the 6 month program (n=26) lost significantly greater weight 

when compared with the group that did not complete the intervention (n=18), 12.6 ± 10.6 lbs. 

versus 4.6 ± 3.8 lbs. (p = 0.004).  

Conclusion: 

The corresponding 5.6% mean weight loss in those participants that completed the program 

suggests that a multidisciplinary approach may be an effective strategy for obesity management.  
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Introduction 

Obesity is a major challenge within the health care system in the United States. Although the 

prevalence of obesity has continued to stabilize between 2003 and 2010, data from the Centers 

for Disease Control and Prevention (CDC) indicate that 34.9% or 78.6 million adults in the U.S. 

are afflicted with this disease (1). There is a disproportionate disparity in obesity with higher 

prevalence in lower socio-economic groups, non-Hispanic black women, and both male and 

female Mexican-Americans (2).  

 

The burden of disease associated with obesity is considerable, partly due to obesity related 

disease, including cardiovascular disease, type 2 diabetes mellitus, and cancer; which increase in 

prevalence as body mass index (BMI) increases (3, 4). Obesity is a modifiable risk factor for 

leading causes of preventable death due to disease. In 2010, approximately 350,000 deaths were 

related to elevated body mass index (5). Obesity is currently projected to be the third highest risk 

factor for mortality by disease, causing about one in ten deaths and affecting women more than 

men (6).  

 

Costs of obesity have increased to almost 10 percent of all medical spending and it is estimated 

that the cost was over $147 billion per year in 2008, which includes private and public payers (7). 

Approximately half of these costs were paid by Medicare and Medicaid, making these obesity 

attributable medical expenditures a burden nationally, but also on a state level (8). Due to the rise 

in the prevalence of obesity across the last two decades, obesity has attributed to 27% of the 

increase  in medical spending (9).  

 

The clinical significance of even a modest amount of weight loss (e.g. 5% of initial weight) has 

been associated with a reduction in the incidence of type II diabetes, lessening of cardiac 

disease, improved lipid profiles, the improvement of obstructive sleep apnea, and a decrease in 

metabolic syndrome (10-12).  If patients lose weight, their risk for obesity related diseases 

decreases and the improvement remains restored as long as their weight loss is sustained and 
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even afterwards (the legacy effect), pushing the incidence and severity of obesity related disease 

that much farther into the future for an individual patient (11, 13).  

 

There is a need for obesity management programs that not only induce change in behavior, but 

also address other issues that affect the onset, development, and progression of obesity. Many 

observational studies show the effectiveness of individual forms of intervention on the reduction 

of obesity, but few have introduced the idea of combining modalities to increase the success of 

the intervention. 

 

An increase in obesity rates among employees is especially important in a corporate setting 

because it can affect the productivity and absenteeism of employees (14-16). Weight loss is not 

only potentially beneficial for the clinical parameters of these employees, but it can also have a 

positive effect on their work related stressors and ability to perform their job responsibilities (17). 

A decrease in employee health is correlated with loss of productivity. There is an association 

between modifiable risk factors and total medical costs. Obesity has been shown to be related to 

27.4% higher healthcare costs (18). This increase has become a burden on the financial status of 

their corporation because patients with chronic disease generally incur higher health care costs 

(19). By participating in health promotion and disease prevention programs, such as the current 

study, corporations are taking tertiary preventative measures to decrease medical conditions that 

can increase their costs of medical coverage (20). These tertiary prevention interventions include 

more comprehensive medically-supervised treatments that are focused on improving the 

employees’ disease state.   

 

Because of concerns for the health of employees and the need to manage rising health care 

costs associated with obesity, a community hospital sought the advice and expertise of their in-

house bariatric team to develop an obesity management pilot program, with the objective of 

decreasing obesity related health outcomes of their employees as measured by clinical indicators 

and psychological variables. The bariatric planning team was comprised of a bariatric surgeon, 
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registered dietitians, certified wellness coaches, exercise physiologists, psychologists, and 

research staff trained in the field of obesity. This six-month, non-surgical, multidisciplinary obesity 

management program was evaluated among obese employees who completed the intervention, 

as well as contrasting baseline variables with employees who did not participate in the 

intervention. 

Methods 

This multidisciplinary medical weight loss intervention was conducted within a tertiary, 433 bed, 

community hospital corporate structure. The hospital system contains an accredited bariatric 

surgery center established in 2001, along with a self-sustaining research institute conducting 

obesity trials. Potential participants were employees that volunteered for an annual employee 

health assessment. Employees who were overweight/obese (BMI ≥ 30 kg/m2) were invited to take 

part in a 6-month pilot obesity management program. Outcome data from these participants were 

compared with the group of employees who participated in the annual assessment with BMI 

results within the overweight/obese range, but who did not choose to participate or were not 

selected to be part of the study. A cap of 50 participants was mandated by the hospital 

corporation due to its preliminary nature and financial limitations of the program.  

 

Participants of the intervention were enrolled once they provided written informed consent and 

met all inclusion/exclusion criteria listed below. Outcome data included body composition, 

anthropometric assessments, biologic markers, psychological variables, dietary habits, and 

fitness indicators. The evaluation/study was approved by the HonorHealth Institutional Review 

Board (formerly known as Scottsdale Healthcare). Figure 1 shows the recruitment flow for the 

study. It describes the employee population during the Healthy Outcomes Assessment and how 

they were chosen to participate in the pilot program. 

 

Participants 

Participants were recruited from a group of employees at a community hospital that participated 

in a corporate-wide health assessment. A prerequisite to be invited to take part in the obesity 
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management program was a BMI of greater than 30 kg/m2. This measurement was obtained at 

the biometric testing session during their health assessment. BMI was defined as the body weight 

divided by the square of the body height. These employees were mailed an invitation to 

participate in the program directly from their employer to protect their privacy and comply with 

standard Health Insurance Portability and Accountability Act (HIPAA) regulations. Potential 

participants then contacted the research office where further exclusion criteria were reviewed. 

Exclusion criteria included a history of bariatric surgery and a refusal to comply with the 

intervention program schedule of events.  

 

Description of Intervention  

Participants attended 4 hours of educational seminars in the first month given by the medical 

director, psychologist, registered dietitian, and exercise physiologist. The topics covered were 

Fundamentals of Metabolism, Fundamentals of Good Nutrition and Eating Program for Life, 

Fundamentals of Exercise, and Fundamentals of Behavior Management. They were required to 

attend monthly support groups supervised by a psychologist.  All subjects were clinically 

evaluated by a psychologist, registered dietitian, and exercise physiologist, initially and then 

monthly, for six months. The participants were also assessed by a medical provider (Bariatrician 

or Nurse Practitioner) during the initial visit and again at six months. The corporate sponsor 

included an incentive for the participants to complete the study by reimbursing them a refund of 

their insurance co-payments related to the clinic visits if they attended all scheduled events. 

There were a total of 6 clinical visits and one month enrollment classes in the program. All 

participants in the intervention program, regardless of whether they completed the actual 

intervention schedule, were asked to return to the clinic for the 6-month assessment 

measurements. Follow-up information for non-participants was taken from the following year’s 

health assessment as an aggregate variable.  

 

Schedule of Intervention Assessments 
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During each monthly visit, subjects were asked to meet with a registered dietitian, an exercise 

physiologist, and a psychologist. There were also counseled to attend monthly group sessions 

with other study participants. Each participant attended a clinic visit with a medical provider at the 

inception of the program and during the completion at month 6. During the dietary intervention, 

the registered dietitians reviewed monthly self-assessments, which included satiety 

measurements, compliance factors, eating patterns, and food logs, with the subjects. During the 

fitness/wellness evaluation, the exercise physiologist performed a two-minute step test, which 

included time completed and heart rate, and then scored them on a rated perceived exertion 

scale. The subjects also performed a balance, flexibility, and grip strength examination. During 

their monthly sessions with the psychologist, the subjects examined their behavioral attitudes 

toward their disease and chronicle their historical disease state. Figure 2 shows the assessment 

and follow-up schedule for the study. 

 

Health Assessment and Weight Loss Intervention Measurements 

Outcome data collected for participants included body composition, anthropometric assessments, 

systolic and diastolic blood pressure, total cholesterol, high-density lipoprotein, low-density 

lipoprotein, triglycerides, fasting blood sugar, hemoglobin A1c, qualitative cotinine test, dietary 

habits and patterns, physical activity, psychological inventory and other behavioral measures 

(Figure 2). Body composition and anthropometric measurements were taken using the Tanita 

Model TBF-310 Body Composition Analyzer (Tanita Corporation of America, Inc., IL) and a 

calibrated stadiometer. 

 

During the psychological module of the intervention, the psychosocial variables were assessed 

using validated questionnaires. Each participant completed a Weight and Lifestyle Inventory 

(WALI) before their initial interview with the clinical psychologist (21). The initial psychological and 

behavioral evaluation included information related to the subject’s weight history and goals, 

behavioral risk factors, including sleeping, eating, and social behaviors, support system 

information, medical history, and current mental status. 
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Analysis 

Data were converted from Excel format to SPSS 17.0 and STATA 12.0, prepared for analysis by 

checking for errors and outliers, and examined for normality. The data were explored with 

descriptive statistics. The association between variables were examined with chi square analyses 

and correlations. The relationship between groups was evaluated with T-tests and One-way or 

Two-way analysis of variance (ANOVA). 

 

The primary outcome measure for this study is percent weight change (%WL) calculated as 

%𝑊𝐿 =
𝐼𝑛𝑖𝑡𝑖𝑎𝑙 𝑊𝑒𝑖𝑔ℎ𝑡−𝐹𝑖𝑛𝑎𝑙 𝑊𝑒𝑖𝑔ℎ𝑡

𝐼𝑛𝑖𝑡𝑖𝑎𝑙 𝑊𝑒𝑖𝑔ℎ𝑡
 × 100. This measure was used for one of the two primary 

effectiveness endpoints consisting of: 1) mean percent weight change (%WL) at 6 months, and 2) 

total weight change in pounds at 6 months. Secondary outcome measures include changes in 

anthropometric data and risk factors. 

 

Body mass index (BMI) was calculated using standard formula of BMI = [(Weight in kg) / (Height 

in centimeters)2 ]. Body adiposity index (BAI) was calculated using the standard formula of BAI = 

[(100 X hip circumference in meters) / (Height in meters x √Height) -18] (22). Other measures 

collected included height (ft./in.); weight (lbs.); basal metabolic rate (BMR); fat free mass (lbs.); fat 

mass (lbs.); percent fat; total body water (lbs.); hip circumference (in.); waist circumference (in.); 

neck circumference (in.), thigh circumference (in.); and waist/hip ratio. 

 

Results 

A total of 4471 employees completed the health assessment in 2010 and 1333 employees were 

identified as overweight or obese with a BMI ≥ 30 kg/m2. Figure 1 delineates the process of 

participant selection. After isolating the main recruitment source, the hospital benefits department 

randomly selected 176 staff members and sent letters introducing the pilot program, of which 99 

responded that they were interested in participating. A prescreening questionnaire was used to 
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assess initial eligibility of those interested, after which 68 remaining potential participants 

attended an informational seminar to learn more about the program. Because of sample size 

restrictions by the corporation, 50 of these individuals were chosen to participate in the program. 

After recruitment was closed but prior to baseline data collection, 3 individuals decided they 

couldn’t comply with the study schedule and 1 decided to decline the invitation to participate due 

to her inability to pay the copay each month. Two additional participants withdrew due to 

scheduling conflicts, leaving the total participants that initiated the program at 44. These subjects 

continued in the program with both Healthy Outcomes Assessment data and baseline data 

collection, as shown in Figure 1.  

 

Table 1 contrasts the participants and non-participants for various clinical and demographic 

factors. There were characteristics that were marginally different from the community hospital 

employees that were screened in the Healthy Outcomes program with a BMI greater than 30 

(n=1287) and the weight loss intervention group (n=46). These included percentage of female 

participants (73.8% vs 91.3%, respectively), the mean BMI of the group (35.9 vs 37.5), 

percentage of subjects with diabetes (5.5% vs 18.2%), and exercise habits (19.4% vs 34.1%). 

Although not statistically different, the non-participant employee comparison group (n=1287) was 

classified at 81.5% obese (BMI 30-40 kg/m2) and 18.5% morbidly obese (BMI >40 kg/m2) as 

compared to the intervention participants, where 69.6% were classified as obese and 30.4% 

morbidly obese. 

 

A total of 26 individuals finished the entire 6-month schedule and completed their six-month 

assessment, while 18 completed less than six months follow-up and did not participate in the final 

assessment (mean follow-up of the attrition group was 2.9 months versus 6.6 months for the 

completers). Within the intervention group itself, the only baseline difference found between the 

group that completed the intervention (n=26) and the group that withdrew early (n=18) was the 

mean baseline systolic blood pressure reading (120.9 mmHG vs 130.8 mmHg, respectively), as 

described in Table 2. This is indicative that the baseline characteristics were similar among the 
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completers and attrition group that terminated early. The 26 participants that completed the 6 

month program lost significantly greater weight when compared with the group that did not 

complete the intervention (12.6 ± 10.6 lbs. versus 4.6 ± 3.8 lbs.; p=0.004). Their percent weight 

loss from baseline was also significantly different from the attrition group (5.6 ± 4.5% versus 1.9 ± 

1.3%; p=0.002).  

 

Table 3 shows that participants that completed the program (n=26) underwent changes in BMI 

(37.1 ± 4.0 versus 35.1 ± 4.2; mean difference 2.1; p=0.07), fat mass (105.8 ± 20.5 lbs. versus 

95.8 ± 21.6 lbs.; mean difference 10.0 lbs.; p=0.10), WHR (0.91 ± 0.13 versus 0.77 ± 0.28; mean 

difference 0.14; p= 0.04), neck circumference (15.6 ± 1.7 in. versus 14.5 ± 0.9 in.; mean 

difference 1.1 in.; p=0.07), and thigh circumference (28.2 ± 2.6 in. versus 24.0 ± 2.8 in.; mean 

difference 4.2 in.; p < 0.001) after completing the six-month intervention. Among the 26 who 

completed the program, the decrease in weight from 229.6 ± 31.7 lbs. to 217.0 ± 33.3 lbs. 

(p=0.17) was not a statistically significant following the medical weight loss intervention. 

 

The intent to treat analysis (Table 3b) shows the differences between baseline and the data point 

where each individual finished the program for all 44 employees that initiated the program. There 

were significant differences for WHR (0.91 ± 0.12 versus 0.77 ± 0.28; mean difference 0.14; 

p=0.01), neck circumference (15.7 ± 1.6 in. versus 14.5 ± 0.9 in.; mean difference 1.1 in.; 

p=0.03), and thigh circumference (28.0 ± 2.7 in. versus 24.0 ± 2.8 in.; mean difference 4.0 in.; p < 

0.001). 

 

The prevalence of overweight/obesity and increased risk cut-off points of abdominal adiposity 

(according to the National Institutes of Health recommended values) of the program patients 

before and after participation are described in Table 4. The percentage of participants that lost 

enough weight to drop into a lower category of overweight or obesity was 27.3%. An exact 

McNemar’s test determined that there was a statistically significant difference in the proportion of 

people who changed overweight/obesity categories (p=0.007). 
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Discussion 

A six-month weight loss management program was developed that could be implemented within 

a corporate setting of a community hospital healthcare system for employees with obesity. A pilot 

of this program was conducted to evaluate the potential of the intervention program for adherence 

to the program schedule, reducing weight of participants, and modifying associated morbidities. It 

was offered to a small cohort of employees in order to assess its viability for future use within the 

corporation.  

 

The program originated with employees that possessed a BMI > 30 kg/m2  who responded to an 

email invitation by the healthcare system (n=178). After excluding potential participants following 

review of their pre-screening questionnaires, 68 employees attended an informational seminar to 

learn more about the benefits and components of the program. The healthcare organization 

mandated a sample size limit of 50 participants to contain the costs of the pilot program; 

therefore, we only accepted 50 of the 68 attendees into the program. Before the initiation of the 

program, 3 employees decided they could not comply with the schedule and one refused to pay 

the monthly copays, which resulted in 46 total participants at the commencement of the pilot 

program. Because the program was already underway and group sessions were scheduled, the 

wellness team decided not to delay the launch of the program by trying to recruit additional 

participants. After initiation but prior to baseline data collection, two additional participants 

decided they could not comply with the program schedule and withdrew their consent. 

Consequently, 44 out of 46 (95.6%) continued with treatment, of which 18 (39.1%) participants 

withdrew early, and 26 (56.5%) completed all six-months of the intervention.  

 

The primary outcome measure of total percent weight loss of 5.6% in those subjects that 

completed the program (Table 3) demonstrates the effectiveness of the intervention, along with 

the observation that 43.8% of the participants attained at least 5% total percent weight loss at 6 

months. The intent to treat analysis (Table 3b) demonstrated an average weight loss of 9.3 lbs. 

among the entire group (n=44) and a total percent weight loss of 4.1%. Although a significant 
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change in weight or percent weight loss was not established by the intent to treat analysis, a 

statistically significant change in weight was correlated with length of participation as displayed by 

the analysis of those that completed the program as compared to those subjects with early 

attrition. They were more likely to demonstrate an increased change in weight as they continued 

to participate in the program, indicating there may be a dose effect. 

 

During the planning phase of the program, the benefits team developed a budget to assess the 

costs associated with each component of the program. The total charge to the corporate system 

that included the initial consultation, introductory courses, monthly follow-ups, and final 

assessment (as described in figure 2) was finalized at $1800 per participant for the complete six-

month program. The program participants paid a $50 specialist copay each month of the program 

and were offered a full refund of all copays, for a total of $300, if they attended all their visits 

within the 6-month period. 

 

Leadership implementation and promotion of the intervention was developed at the initiation of 

the program, but there was a substantial amount of effort required to keep both management and 

employee participation levels high during the remainder of the intervention. Monthly support 

group sessions were intended to instill health behaviors and establish communal support among 

participants. Involvement in these sessions was not optimal, due to the fact that many employees 

in hospital settings, especially those involved with direct patient care, are unable to leave their 

immediate post and have varied shifts.  

 

Execution in a corporate hospital organization is challenging due to the diverse population 

employed. Hospitals continuously operate with numerous levels of employees that are staffed 

during fluctuating periods. Many participants were unable to join in organized activities or 

participate in spontaneous opportunities for exercise during the day, due to long shifts requiring 

consistent patient care obligations. Several participants anecdotally indicated that they were 

unable to take time during their day for regularly scheduled eating and/or exercise breaks, despite 
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being given access to the hospital’s cardiac rehabilitation facility and wellness fitness center, 

which included cardio and resistance training equipment. 

 

There have been several review articles that discuss the most advantageous components of 

worksite and wellness programs including the program modality, outcomes, and research design 

(23-27). This program included individual coaching, group classes, and health risk assessments. 

The data collected included exercise, diet, physiological factors, clinical markers, and mental 

health indicators. This medical weight loss intervention was multifactorial in both the way it was 

designed and executed. The design of the program, due to lack of sample size, made it difficult to 

detect differences between these outcomes.  

 

After the completion of the program, the corporate sponsor decided not to implement the program 

corporate wide because of the lack of feasibility, resources necessary, and costs associated with 

implementation of the program in an expanded setting. This pilot program gave us the opportunity 

to investigate other methods for expanding and initiating the intervention to include additional 

employees, along with improving implementation and administration of the program. Some future 

directions include (1) improved follow-up and communication strategies to ensure the return of 

participants to each monthly visit, (2) the option of weekly visits with each provider instead of one 

monthly visit with all providers back to back, in order to shorten the visit time and provide more 

frequent interactions, (3) the inclusion of a mid-program evaluation in order to implement changes 

throughout the program from participant feedback, and (4) providing additional methods of 

communication in order to encompass all types of schedules and learning styles such as online 

course, video conferencing for sessions with providers, newsletters, and various cell phone 

applications to increase participation. These improvements would also decrease expenses due to 

lowering operational costs with differing consultation techniques. 

Conclusion 

The lack of data limits our ability to comprehensively investigate potential program components 

and whether they were successful or not. These were comprised of lack of economic data, 
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financial implications of the intervention, and certain biological factors. The selection of subjects 

was also compromised because of constraints issued by the sponsoring entity. For example, 

limiting the sample size and implementing the program as a cohort disallowed for the inclusion of 

additional participants after some members discontinued their involvement early on. 

 

Obesity management programs at the worksite must be designed in a manner to enable staff to 

effectively participate and engage in the program. A hospital employee population presents 

challenges due to differing shifts and restricted ability to leave their workstation due to direct 

patient care. The multidisciplinary model, including medical, psychological, dietary, and exercise 

components, that this program was comprised of encompassed the ability to influence different 

aspects of a disease that involves medical, psychosocial, environmental, and genetic factors.  

 

Many corporations are taking preventative measures to improve the health of their employees. 

Their staff spend approximately one third of their day at work, which makes a wellness initiative at 

their work site ideal for executing a weight loss program. The innovation of this research included 

the program's ability to modify the causal mechanism of obesity by tailoring the intervention 

based on underlying component causes of obesity for each patient. Many health-related risk 

factors, such as BMI, fat mass, and body measurements, improved in those participants that 

completed the program. The corresponding 5.6% mean weight loss and 2.1 decrease in BMI in 

those participants that completed the program suggest that this multidisciplinary approach may 

be an effective strategy for obesity management. 
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Figure 1 Medical weight loss program participant selection. 

 

 
 
 
* Data collected at this time point included Healthy Outcomes Assessment only 
** Data collected at this time point included both Healthy Outcomes Assessment and study 
baseline data 
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Figure 2 Medical weight loss program assessment and follow-up schedule. 
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Table 1 Comparison of baseline demographic and clinical risk factors of community hospital 
employees with a BMI ≥ 30 versus employees that took part in the 6 month medical weight loss 
intervention - variables were collected at corporate sponsored annual health assessment of staff 
members. 

 
* Test statistic is significant at the 0.10 level (2-tailed) 
** Test statistic is significant at the 0.05 level (2-tailed) 
*** Test statistic is significant at the 0.01 level (2-tailed) 
^ Independent Samples T-Test 
† Chi-Square Test for Association 
SD=standard deviation; in=inches; lb=pounds; BMI=body mass index; BMR=basal metabolic rate; FFM=fat free mass; 
BAI=body adiposity index; WHR=waist-to-hip ratio; BP=blood pressure 
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Table 2: Baseline characteristics and outcome measures of study participants that completed the 6-month medical weight  
 
 

 
 
^ Independent Samples T-Test 
* Test statistic is significant at the 0.10 level (2-tailed) 
** Test statistic is significant at the 0.05 level (2-tailed) 
*** Test statistic is significant at the 0.01 level (2-tailed) 
^ Independent Samples T-Test 
† Chi-Square Test for Association 
SD=standard deviation; in=inches; lb=pounds; BMI=body mass index; BMR=basal metabolic rate; FFM=fat free mass; 
BAI=body adiposity index; WHR=waist-to-hip ratio; BP=blood pressure   
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Table 3a: Characteristics of study participants that completed the 6 month medical weight loss 
intervention at baseline compared to when they completed the program (n=26) 
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Table 3b: Characteristics of all study participants (completers and non-completers) at baseline 
compared to the time point where each individual finished the program – intent to treat analysis 
(n=44) 
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Table 4: Prevalence of overweight/obesity in medical weight loss patients before and after 
intervention* 
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Abstract  

Objective: 

To characterize baseline attributes associated with completion of a medically supervised weight 

loss intervention and to determine pre-intervention characteristics that predict attrition (dropout) 

from the program. 

Design and Methods: 

A total of 44 overweight and obese community hospital employees [BMI 38.2 ± 5.6 kg/m2 ;range 

of 30.0 - 49.8] were recruited to participate in a 6-month medical weight loss intervention. Clinical 

factors, behavioral factors, and demographic characteristics were assessed for potential 

predictive capacities for completion or primary/secondary attrition from the program. 

Results: 

Logistic regression indicated associations between program attrition and an increase in baseline 

systolic blood pressure (odds ratio [OR] = 1.22, 95% CI: 1.04-1.42) and decreased compliance 

with eating three meals per day (OR = 0.91, 95% CI: 0.84-0.97). Primary attrition (dropout < 3 

months) was associated with an increase in baseline systolic blood pressure (OR = 1.12, 95% CI: 

1.02-1.24) and decreased compliance with eating three meals per day (OR = 0.93, 95% CI: 0.88-

0.98). Secondary attrition (dropout between 3-6 months) was related to decreased compliance 

with eating three meals per day (OR = 0.94, 95% CI: 0.88-1.00) and an increase in weight loss 

expectations during the intervention (OR = 1.08, 95% CI: 1.00-1.15). 

Conclusion: 

Systolic blood pressure is a predictive factor that can be objectively measured for attrition, 

especially early dropout. Compliance with eating three meals per day and weight loss 

expectations are valid behavioral indicators of participation in a weight loss program. 

Keywords:  

Attrition, obesity, predictors, weight loss 
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Introduction 

Obesity has long been acknowledged as one of the most harmful diseases that causes long-term 

health issues over time (1, 2, 3). One of the reasons it is so detrimental is that it affects so many 

other health factors, many of which are preventable causes of death. These premature deaths 

are caused by modifiable risk factors such as inadequate physical activity and inactivity, low 

intake of fruits and vegetables, high fat diets, and other dietary consumption patterns that lead to 

cancer, endocrine, or cardiovascular disorders. Studies show that being overweight or obese 

alone has led to an estimated 216,000 annual preventable deaths (4).  

 

Obesity is also an exceedingly costly and widespread condition. The Centers for Disease Control 

and Prevention has stated that from 2011-2014 the prevalence of obesity in adults in the U.S. is 

36.5% and 17% in children (5). The cost of health care due to obesity was estimated to be $147 

billion per year in 2008 (6). The current estimate of annual direct and indirect costs of treating 

obesity in the U.S. is now $275 billion (7, 8). The public health burden that obesity presents 

worldwide with a total prevalence of obesity in 2015 of over 107 million children and 603 million 

adults (9). This high level of obesity contributed to 4.0 million (7.1%) of deaths from any cause 

(9). There are current estimated forecasts of over 2 billion overweight and 1 billion obese 

individuals by 2030, which leads us to the concept that obesity is a complex disease and we 

should be focused on preventative measures and treatment methods (10). There have been 

surgical approaches and medications developed for the reduction of obesity, but most are 

unreasonably invasive for the general population, indicating the need for non-surgical and non-

pharmacological solutions. 

 

Weight loss and obesity management programs have been developed for various settings within 

commercial, wellness, and corporate centers. Non-surgical obesity management programs have 

shown success in aiding participants to lose weight and sustain healthy habits. However, all 

programs must deal with participant attrition, thus need to keep participants engaged to ensure 

completion. It is important to know the predictors of success, but just as equally important is to 
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assess predictors of attrition from weight reduction programs. Not completing the prescribed 

regimen of an obesity management program is one of the major determinants of treatment failure. 

Similarly, a randomized control trial reported that greater early weight loss slightly reduced the 

odds of attrition (25). 

 

Conducting health promotion programming at the worksite is an important intervention strategy 

because most adults spend a substantial amount of weekly time at work. According to the Bureau 

of Labor Statistics, American Time Use Survey, employed persons work on average over 7 hours 

per day (11, 12). Programs that target unhealthy employees can yield both economic and 

wellness benefits by providing a positive return on investment (13, 14). These programs enrich an 

employee’s wellbeing and lower healthcare costs (15-17). However, presence of a health 

promotion program, such as weight loss programming, does not necessarily indicate that 

employees intend to participate in that program. Likewise, enrolling in a health promotion program 

does not necessarily indicate a readiness for the behavioral change required to achieve success 

(18). Although a potential participant volunteers for a program, showing intention of completing 

the program, barriers may arise that negatively impact their ability to continue. These barriers 

often include location, time factors, and incentives.  

 

Attrition rates have been shown to be dependent on mode of intervention and length of program. 

(19, 20) In their systematic review of ten commercial weight loss programs (classified as non-

medical, medically supervised, self-help, or internet based), Tsai and Wadden (21) reported 

attrition rates of 19% to 56% depending on the length and type of program. Another study found 

that up to 30% of participants did not complete a lifestyle weight loss program that included 16-

month group behavioral therapy, half of whom dropped out during the initial 4-month period. (22) 

Studies also show that corporate/worksite wellness programs can have an attrition rate of 40-63% 

at six months (23, 24), whereas a randomized controlled trial reported a lower dropout rate of 

17.4%. (25) In a medical clinic setting, attrition can average as much as 54%. (26) There is a 

wide range of attrition rates in these programs due to the diversity in intervention modalities and 
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organizational environment. 

 

Corporate wellness programs offer a unique opportunity in that they are able to offer incentives to 

employees for their participation as well as provide support during work hours. A number of 

studies have reported on the factors that influence participation in these programs, such as the 

organizational structure, psychological (i.e., lower self-esteem and self-efficacy), and clinical 

factors of the participants. (27-30) Similarly, barriers to participation include factors such as 

inadequate incentives, time requirements, location restrictions, and covered topics or educational 

training. (31) Univariate studies limit understanding as only singular factors are examined in 

association with attrition. However, many weight loss programs do not encompass the multiple 

elements necessary for success.  

 

This study sought to characterize baseline attributes associated with the completion of a 

multidisciplinary medically supervised weight loss intervention among obese employees of a 

community hospital in Arizona. The additional goal was to determine pre-treatment characteristics 

that predicted attrition (dropout) from the six-month intervention program. 

 

Material and Methods 

This medical weight loss program was designed to assist obese community hospital employees 

to adopt healthy lifestyle practices in order to increase their well-being and decrease 

comorbidities. This non-surgical obesity program was designed to assess whether a 

multidisciplinary approach to the reduction of obesity among hospital staff would be feasible in a 

larger corporate setting. The program included monthly sessions with a team of providers; 

participants that completed the program would receive a full refund of specialist co-pays incurred 

during the program (valued up to $300). The study was approved by the Scottsdale Healthcare 

Internal Review Board (currently HonorHealth) and conducted according to corporate guidelines.  

Factors associated with attrition from the program are the focus of the present analysis. 
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This multidisciplinary medical weight loss program was developed and pilot-tested for suitability 

for employees with obesity of a community hospital in Arizona in 2011. The six-month intervention 

incorporated a multidisciplinary approach to weight loss that included a medical provider, 

psychologist, exercise physiologist, and registered dietitian as a team to treat the client. One of 

the primary outcomes of this pilot study was to examine attrition from the program and to better 

understand factors associated with attrition.  

Participants and Intervention 

Study participants were obese employees (defined as having a minimum BMI of 30.0 at 

enrollment) of a community hospital who volunteered to participate in a six month, pilot, non-

surgical medical weight loss program offered by their employer after receiving their results from 

an employee health assessment. Healthy hospital employees with obesity were identified from an 

annual hospital-wide health outcomes assessment and invited to participate in a six-month, 

multifaceted weight loss program. The intervention was comprised of a multidisciplinary approach 

that included monthly visits with medical providers, registered dietitians, exercise physiologists, 

and psychologists. Various health and psychosocial measurements were made at baseline and 

monthly visits. A total of 44 employees were recruited into the intervention and completed the 

baseline assessments.  

Measurements  

Qualitative and quantitative measures were acquired through self-administered questionnaires 

and clinical assessments completed by trained staff. The Weight and Lifestyle Inventory (WALI) 

questionnaire was administered at the initiation of the obesity management program to all 

participants. (32) The inventory included past medical and weight loss history, family history of 

obesity, self-efficacy questions, client expectations of results, and clinical markers. The broad 

categories of potential predictor factor collected at baseline are summarized in Table 1. Clinical 

measurements assessed directly included weight, height, blood pressure, hip/waist/thigh 
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circumference, body composition, and basal metabolic rate. Weight, height, body composition, 

and basal metabolic rates were measured using a Tanita Model TBF-310 Body Composition 

Analyzer (Tanita Corporation of America, Inc., IL) and a calibrated stadiometer. Body mass index 

(BMI) was calculated using standard formula of BMI = [Weight in kg / (Height in centimeters)2].  

Attrition 

Three levels of attrition were defined:  1) No dropout (completers): participant completed 6-month 

intervention, 2) Early dropout (primary attrition): dropout occurred sometime between program 

initiation and prior to month three, and 3) Latent dropout (secondary attrition): dropout occurred 

sometime between month three and month six. 

Analyses 

All participants that elected to be part of the intervention after attending the first informational 

seminar and submitting pre-program paperwork were included. Subject results were stratified 

according to attrition category. For analyses requiring a binary dependent variable, participants 

were classified as completers (finished entire six-month program) and non-completers 

(participants who dropped out any time prior to the six-month time point). Psychological 

components, nutrition, fitness and clinical factor were assessed as potential predictors of program 

completion or attrition. 

 

Data were converted from Excel format to SPSS 24.0 format, prepared for analysis, and checked 

for normality. (33) Statistical differences in continuous factors between those who completed the 

trial and non-completers were identified using independent sample t test analyses. Chi-squared 

analyses were used to test for statistical association between categorical factors. Multivariate 

logistic regression models (completion status as the outcome) and multinomial logistic regression 

models (attrition status) were used to identify predictive factors. If the associated p values of the 

predictive factors were less than 0.2 for the univariate analyses, these factors were included in 

the multivariate models. In predictor models, because independent factors are continuous, odds 
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ratios (OR) refer to one unit increase. The potential explanatory factors were assessed for high 

multicollinearity; if present, the predictor with the highest effect on the outcome was included in 

the models. 

Results 

A total of 44 hospital employees with obesity (BMI >30.0) were recruited into the program. The 

population was primarily female (90.9%), non-Hispanic white (84.1%), with a mean age of 48.9 ± 

10.7 years. Approximately half of the participants were married (54.5%), with 34.1% self-reporting 

that they had children under the age of 18 years living at home. The mean BMI of the group of 

participants was 38.2 ± 5.6 kg/m2, and 31.8% had a BMI of 40 or greater at the initiation of the 

intervention. Baseline characteristics of the participants are summarized in Table 2.  

 

In this program, 59.1% (n=26) completed the 6-month intervention, overall attrition rate of 40.9%. 

The primary attrition rate (between initiation and month 3) was 27.3% (n=12) and the secondary 

attrition rate (between month 3 and 6) was 13.6% (n=6). Final weight loss was compared 

between those that completed the program and those that did not. Amount of total weight loss 

was significantly higher in completers (12.6 ± 10.6 lbs. vs. 4.6 ± 3.8 lbs.; p=.004) when compared 

to non-completers, as was percent weight loss (5.6% ± 4.5% vs. 1.9% ± 1.3%; p=.002). 

 

Potential predictive categorical and continuous baseline characteristics are summarized in Table 

3. The bivariate analysis for completion status showed significant baseline differences for those 

that completed the program and those that did not for baseline BMI categories and report of 

cravings during menstrual periods (women only). There were baseline differences between the 

three attrition groups for marital status, race, BMI, and cravings during menstrual periods (women 

only).  Crude factors from baseline that were associated with completion included: systolic and 

diastolic blood pressure, balance test score, hunger and satisfaction scales, compliance with 

meals and snacks, weekly food logging, weight of spouse, program weight loss goals, ability to 

maintain goal weight in the past, and occasions of eating out per week (Table 3). The tri-level 
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attrition analyses similarly indicated attrition predictors of: baseline systolic and diastolic blood 

pressure, balance test score, hunger and satisfaction scales, compliance with meals and snacks, 

weekly food logging, ability to maintain lifetime lowest weight after 21 years of age, weight of 

spouse, and program weight loss goals in addition to baseline weight, basal metabolic rate, total 

fat mass, hip and waist circumference, first age overweight over 10 lbs., and highest weight after 

21 years of age. 

 

The odds of attrition (or non-completion) are summarized in Table 4 for the final model that 

accounted for 69.8% of the variability (Nagelkerke R2 = .698). This final model to predict non-

completion status included baseline systolic blood pressure, self-reported hunger scale, 

participant compliance with consuming three meals per day, compliance with logging food, weight 

loss goal for the program, and number of eating outside the home occasions per week. There did 

not appear to be a significant correlation between predictor variables. Within this model, 

increased systolic blood pressure [OR=1.22 (95%CI: 1.04-1.42)] and decreased compliance with 

three meals per day [OR=0.91 (95%CI: 0.84-1.00)] were important predictors of attrition from the 

program.  

 

The odds of primary attrition and secondary attrition are shown in Table 4 compared to 

completion. Factors included in the model were baseline systolic blood pressure, participant 

compliance with consuming three meals per day, first age at overweight by more than 10 pounds, 

and weight loss goal/expectation for the program. Predictors of primary attrition (prior to 3 

months) included an increase in systolic blood pressure [OR=1.12 (95%CI: 1.02-1.24)] and 

decrease of participant compliance with consuming three meals per day [OR=0.93 (95%CI: 0.86-

0.98)]. Secondary attrition (between 3-6 months) was associated with a decreased compliance 

with eating three meals per day [OR=.936 (96%CI .878 to .999)] and an increase in weight loss 

expectations for the intervention [OR=.1.07 (95%CI: 1.00-1.15)]. The factors in the model 

accounted for 44.1% of the variability. 
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Discussion 

This study identified clinical, lifestyle, and psychological factors associated with program non-

completion and with early attrition from our multifaceted, 6-month weight loss intervention for 

employees with obesity, but we only identified a few that were statistically significant with attrition. 

Non-completion was associated with a higher baseline systolic blood pressure and decreased 

compliance with consuming three meals daily. Primary attrition, or leaving the study within first 

three months, was also associated with a higher baseline systolic blood pressure and decreased 

compliance with consuming three meals daily. Secondary, or late, attrition was associated with a 

decrease in compliance with three meals per day and increase in weight loss goals for the current 

program. The participants that dropped out later (3-6 months) had higher expectations of weight 

loss for the intervention before starting, which indicates greater weight loss expectations could be 

a related factor to dropout from the program. 

 

The attrition rate seen in our program was 40.9% even after the participants were incentivized 

with a full refund of their specialist co-pay fees (up to $300) if they completed the program. The 

attrition within the first 3 months was 27.2% (primary attrition). Other studies have reported 

attrition or dropout rate between 26.8% and 70.9% for varied interventions lasting between three 

and twelve months (22, 34-38). Many factors were related univariately to attrition within the 

present study, but only higher baseline systolic blood pressure and a decreased compliance with 

eating three daily meals remained significant associations in adjusted regression models. The 

factors contributing to attrition in other studies varied and were dependent on program category, 

participant status, and mode of delivery. Some researchers proposed that older age, higher 

education, healthier eating and physical activity behaviors, higher stage of change at baseline 

and higher initial weight loss might predict better adherence (39). Poor adherence and increased 

attrition were predicted by having depression, stress, strong body shape concern, more previous 

weight loss attempts, and being unemployed (39). Variable conclusions were made for self-

efficacy, motivation and male gender (39). In our study of employed participants, early attrition 

(<3 months) was among older subjects and later attrition who were overweight as a child, but we 
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did not have the power to test differences due to the small sample size of categories.  

  

The frequency of meals and eating patterns have been controversial topics in the world of 

obesity. Some research has shown that small, frequent meals are more effective in assisting 

individuals in losing weight by stabilizing their blood sugar levels; some have indicated that three 

meals are more beneficial, whereas the latest research is studying the effects of intermittent 

fasting on weight loss (40-42). The dietitians for this intervention chose to recommend eating a 

minimum of three meals per day to the participants based on the current research when the study 

was conducted (43). The fact that decreased compliance of eating three meals a day predicted 

attrition from the study could be due to their lack of weight loss progress because they were 

overall not compliant with the dietary recommendations. It can also by theorized that their non-

compliance caused a blood glucose imbalance that increased the amount they ate at their next 

meal, congruent with current research (44). 

 

There have been inconsistent results in relation to the association between weight loss 

expectations and attrition. Several studies have suggested that the likelihood of attrition from a 

program increases alongside the increase of pretreatment weight loss expectations, along with 

poor initial treatment response (45, 46). Some studies have found that unrealistic expectations 

could lead to an increase in dropout rates (22, 28, 47), while others have not found a relationship 

between the two (48, 49). In this current study, total weight loss and percent weight loss were 

significantly higher in completers when compared to non-completers. This might suggest that 

reduction of attrition within a weight loss program by identifying strategies to help clients stay in 

the program longer could be associated with increased benefits. However, the lack of weight loss 

could be increasing the rate of attrition. 

 

Baseline information indicated that program completers were more likely to report feeling satisfied 

and less likely to indicate feeling hungry following meals. Evaluation of the clinical indices found 

that non-completers had higher baseline blood pressure levels and significant discrepancy 
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between left and right-side balance tests (seconds able to stand balancing on a single leg on 

each side). Overall, the completers had a better understanding of when they felt full and being 

more satisfied after their meals. The non-completers had higher and unrealistic expectations of 

the program's results. 

  

Differences between completers and non-completers were seen, along with differences among 

those participants that dropped out early versus later in the program. Through the evaluation of 

primary attrition (within the first three months) in comparison to secondary attrition (dropped 

weight loss program after three months of participation), in univariate analyses, additional factors 

were observed.  Those participants leaving the weight loss program earliest reported having the 

heaviest spouses, complying less often with eating three meals daily, having the highest mean 

blood pressure levels, and exhibiting the greatest discrepancy in left compared to right side 

balance tests. Those leaving the weight loss program in the late stages (after more than halfway 

through) were heavier, had substantially greater program weight loss goals, and were more likely 

to report being overweight as a pre-teen in comparison to participants that completed the 

program or discontinued early. The people who left the program early left almost immediately.  

 

While administratively comprehensive and addressing both behavioral and clinical factors, our 

weight loss program included a relatively small number of participants, thus limiting the 

generalizability of results. The intervention resulted in important weight loss, with participants that 

completed the full six-month program losing almost three times the amount of weight lost by non-

completers. However, while subtle yet interesting findings suggest differences between 

participants discontinuing the weight loss intervention early in comparison to late stages, the low 

numbers in these sub-groups indicate the need for further research. The importance of spousal 

weight, eating away from home occasions, and reporting first time overweight as a preteen in 

contrast to young adult (18 to 20 years) needs to be evaluated in additional weight loss 

intervention programs. The finding of discrepancy in balance between right and left sides was not 

expected and may be due to our small sample size; potential implication is not clear. Despite 
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these limitations, these analyses indicate both behavioral and clinical characteristics related to 

completion of and attrition from a six-month, multi-disciplinary corporate-sponsored weight loss 

program. 

 

A strength of this project was the ability to simultaneously evaluate the predictive role of an array 

of behavioral and clinical indices in completing a six-month multi-faceted weight loss program. 

The investigation of attrition and measurement factors also gave us the ability to tailor future 

program components to minimize dropout rates. A weakness of our study is the high dropout rate. 

Furthermore, we cannot say if the reduced weight loss was due to the early attrition in the group 

that dropped out or if they dropped out due to a lack of weight loss. 

 

Discovering the causes of attrition from weight loss interventions can help characterize some of 

the issues that produce a substantial liability on the development and implementation of wellness 

programs. The financial costs involved in recruiting participants and collecting data, only to be lost 

to follow-up, are of great concern to companies that are sponsoring these programs. The loss of 

outcome data can also compromise the analysis of the effectiveness of the program for future 

funding. It has been projected that the global burden of obesity will include 1.35 billion people that 

will be overweight and 573 million individuals will be obese by the year 2030 (50). This rising 

prevalence is of great concern due to the associated diseases that obesity can cause, such as 

cardiovascular disease, metabolic disorders, and cancer. The combined medical costs 

accompanying the treatment of these diseases are estimated to be $48-66 billion per year by the 

year 2030 in the U.S. alone (51). The capacity to predict attrition and success in a weight loss 

program because they are most likely to complete the full treatment may have a substantial 

impact on this public health burden.  

Conclusion 

There is a need to identify quantitative and qualitative predictors of program completion/attrition 

that can be measured objectively. Knowledge of these relationships can inform the cost to benefit 
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ratio, which will potentially assist corporate sponsors to maximize benefits to employees. Attrition 

was also evaluated to justify the implementation of the program and establish the effectiveness of 

the curriculum on a larger, corporate scale. Decreasing dropout from weight loss trials will 

increase the ability to collect quality data and evaluate the program’s effectiveness. The 

limitations to this study include the restricted sample size mandated by the corporate sponsor. 

Possible opportunities to further this type of research should include how predictors of attrition 

can modify the rate of completion among participants of weight loss interventions. These 

research findings emphasize the need to accurately pre-screen individuals in regards to their 

weight loss history and current weight loss expectations for the intervention.  
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Table 1: Summary of assessment measures used in the obesity management program  
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Table 2: Baseline characteristics of the obesity management program participants (n=44) 

 

BMI: body mass index; HR: heart rate; RPE: rated perceived exertion; yrs: years; kg: kilogram; lbs: pounds; in: inches. 
Mon: month ; m2: meter squared; SD: standard deviation; min: minimum, max: maximum 
Body Composition measures and Basal Metabolic Rate were measured using the Tanita Model TBF-310 Body 
Composition Analyzer.  
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Table 3: Baseline characteristics, clinical factors, and behavioral predictors of completion and 
attrition status of a 6-month obesity management intervention (categorical predictors) 
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Table 4: Predictors of attrition status among 44 hospital employees in a weight loss intervention in 
Arizona in 2011*  
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Abstract  

Objective: To determine if waist, hip, and thigh circumference measures are different when 

measured for standing and a supine position in an obese population. 

Design and Methods: A single research assistant took standing and supine measurements in a 

population of obese participants (n=44) to assess inter-method reliability between waist, hip, and 

thigh circumferences measurements  along with the correlation between the circumference 

measures and body composition measures: body mass index (BMI), weight, basal metabolic rate, 

fat mass, percent fat, and fat free mass. 

Results: Correlations between body composition measurements were higher for the standing 

than supine position for waist circumference (r = 0.865, p = < 0.001 vs. r = 0.752, p = < 0.001). 

For hip and thigh circumferences the correlations were higher for supine position. An increase in 

BMI was associated with a difference in the waist deviation between the two techniques (p = 

0.02). Most body composition variables had a stronger correlation with supine measurements for 

the hips and thigh, especially those composition variables comprised of fat mass. 

Conclusion: Body composition measurements showed a significant degree of correlation 

between both standing and supine measurements. Standing position is a useful tool for assessing 

disease risk in patients with a lower BMI, however, the current analysis suggests that supine 

measurement is comparable. Further study among individuals with higher BMI and adiposity in 

the regions being measured would be beneficial. 

 

Keywords: adiposity, body composition, anthropometry, waist circumference, body fat mass 
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Introduction 

Obesity has been shown to be a predictor of mortality (1, 2) and is associated with increased 

proinflammatory biomarkers (3). Body circumference and weight criteria have historically been 

used as a way to measure obesity (4, 5), specifically waist to hip ratio, waist circumference, and 

body mass index (BMI) (6, 7). Many different measurement techniques have been integrated into 

clinical practice, national and international guidelines, and large research trials (4, 8-9).  

 

Obesity categories and cut points have been established from recommendations of the Expert 

Panel on the Identification, Evaluation, and Treatment of Overweight and Obesity in Adults, with a 

BMI ≥ 30 kg/m2 as the definition of obesity (4). It has been shown that as BMI increases, so does 

the associated health risk of comorbid conditions, such as coronary heart disease, type 2 

diabetes, hypertension, and sleep apnea (4). Because these health risks are also related to 

increases in adipose tissue, specifically in the abdominal area, additional guidelines for increased 

risk associated with disease were developed by including cut points for waist circumference with 

the obesity categories (4). Even though BMI is the primary clinical tool used to evaluate disease 

risk, waist circumference is an indirect way of measuring abdominal fat that is an easily 

obtainable measurement for clinicians when assessing patients. For men, a waist circumference 

of greater than 40 inches (102 cm) and for women a waist circumference of greater than 35 

inches (88 cm) indicates an increased relative risk of developing obesity related diseases (4, 10).  

 

Obesity is an increasing concern in the U.S. and worldwide. In adults in the U.S., the prevalence 

of obesity was 39.8% in 2015-2016 (11). Coinciding to the increase of obesity is the upsurge of 

other comorbid conditions. This parallel magnification gives rise to the notion that obesity is the 

root of a systemic epidemic of disease advancement within the body. Obesity has also been 

classified as one the leading causes of preventable death (12, 13). Location of the fat, in addition 

to overall body weight, has been studied as a disease risk factor and an excessive amount of 

abdominal fat is correlated with an increased risk of various comorbid diseases include but not 

limited to cardiovascular disease and metabolic disorders (5-6, 14-15). It has been shown that 
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globally more than two thirds of deaths associated with obesity were due to cardiovascular 

disease (16). 

 

Location and amount of fat is typically assessed in different ways by various studies, through 

such techniques as skinfold thickness with calipers, bioelectric impedance, DEXA scan, air 

displacement plethysmography, and anthropometric measurements (17-19). Individuals are 

classified as ‘apple-shaped’ (android; central obesity) or ‘pear-shaped’ (gynoid; peripheral 

obesity) according to where their adipose tissue is distributed. Central obesity, or apple-shaped, 

is defined by the World Health Organization as having a waist-to-hip ratio that is ≥ 0.85 for 

females and ≥ 0.90 for males (9, 20). Those with an increased waist-to-hip ratio have their 

adipose tissue mainly distributed in their upper trunk, chest, and abdomen area, giving them the 

characteristic ‘apple shape’. Individuals with a lower waist-to-hip conventionally carry their 

adipose tissue on the lower trunk, hips, and thighs, contributing to their representative ‘pear 

shape’.  

 

Discrepancies in measurement techniques of circumference (e.g. hip, waist, thigh) can affect the 

amount of obesity estimated. Such discrepancies can be created by different measurement 

techniques, including position of the participant. There have been several studies that have 

evaluated different anatomical regions and techniques for assessing adiposity (21-23), but they 

have taken the measurements while the individual is standing. None have addressed the issue of 

the effect of standing and supine body positions on measurements of other obesity measures 

including BMI.  

 

While obesity typically refers to the whole body, adiposity can be localized in different areas of the 

body, especially in the waist and hips. The adipose tissue can shift because of the gravitational 

pull when standing versus in the supine position. Because of the accumulation of fatty tissue in 

the areas being measured as indicators of risk, false values can be assessed in different 

positions if using anatomical markers as landmarks for measurement. The aim of this study was 
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to assess the correlation between circumference measurements and body composition measures 

taken in the standing and supine position in a population of obese individuals. 

Material and Methods 

Population: Fifty hospital employees were identified and initially evaluated from an annual 

employee health assessment to participate in an obesity management program offered by the 

human resources benefits department in an effort to reduce morbidity in their staff. Participants 

had to fulfill the following inclusion criteria: [1] participated in the yearly employee health 

assessment; and [2] have a body mass index (BMI) ≥ 30 kg/m2. Participants were excluded if 

they had a history of bariatric surgery or refused to comply with the schedule of events of the 

intervention. Using these criteria, the final study sample comprised 44 employees that decided to 

participate in the program (42 females, 2 males). This research was approved by the local 

community hospital Internal Review Board (SHC IRB #2014-013) at which it was conducted. 

 

Circumference Measures and Body Position: All the body measurements were made by the same 

medical assistant within the bariatric practice of the hospital with a predetermined manual of 

operations for taking measurements based on the National Institutes of Health criteria (24). The 

measurements were taken with a cloth measuring tape in the standing and supine position. To 

prevent any measurement bias, anatomical positioning was noted in both positions in order to 

assure accurate positioning. Both standing and supine measurements were taken of the waist, 

hip, and thigh area at baseline and at the completion of the obesity management intervention. 

The baseline measurements were utilized for the current analysis. 

 

Body Composition Measurements: Body composition measurements included BMI, weight, waist-

to-hip ratio, basal metabolic rate (BMR), fat mass, percent fat, fat free mass, and total body water. 

They were taken using the Tanita Model TBF-310 Body Composition Analyzer (Tanita 

Corporation of America, Inc., IL). 
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Statistical Analyses: First, we checked normality visually using histograms of the frequency 

distribution, then we tested for normality using the Shapiro-Wilk test and found all to be consistent 

with normality. We examined the data by plotting the results of one technique of taking 

measurement (standing) against the other (supine), shown in figure 1. Simple linear regression 

and Pearson product-moment correlation analyses were used to assess the relationship between 

the standing and supine measurements (25-26). Even though standing and supine 

measurements may be highly correlated, it may not mean that they are in agreement with each 

other. The mean values for standing measurements were compared with those of supine 

measurements using a paired Student t-test. After visualizing the correlations between the two 

measurement techniques, we plotted the difference of the two by their mean using the Bland-

Altman plot (27), shown in figure 2. To produce the Bland-Altman plot, we calculated the mean 

difference between the two sets of measures, as well as the standard deviation to measure 

random fluctuations around the mean difference. If the mean value of the difference is 

significantly different from zero, that indicates the presence of fixed bias. Plots were utilized to 

visually evaluate the differences between the standing and supine measurements. The plot was 

also used to visualize the ranges for which the standing and supine measurements were more in 

agreement or discordant. We also computed 95% limits of agreement. Correlations between the 

circumference measurements and the other body composition measurements also were 

estimated using Pearson correlation coefficients.  All data analysis was performed using SPSS 

(version 24.0; SPSS Inc, Chicago, IL) (28). 

 

Results 

The sample of 44 individuals in the obesity management program included 42 females (91.3%) 

and a mean age of 49.3 (range 26 –65). Characteristics of the participants, along with body 

composition variables measured by anthropometry are shown in Table 1. The body mass index of 

the subjects ranged from 29.8 to 55.2 with a mean of 38.2. As seen in Table 1, the overall mean 
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waist and thigh circumferences for standing and supine were similar whereas the hip 

circumferences were less similar. 

 

The standing and supine measurements of waist, hip and thigh circumferences were highly 

correlated, r=0.886 or greater (Figure 1). This figure shows a positive correlation between the 

standing and supine waist circumferences (r = 0.914, p = < 0.001), standing and supine hip 

circumferences (r = 0.940, p = < 0.001), and standing and supine thigh circumferences (r = 0.886, 

p = < 0.001). The mean and the standard deviation of standing measurements, supine 

measurements, mean of both positions, and the difference between the standing and supine 

measurements are shown in Table 2. The mean absolute difference between the two techniques 

(standing vs. supine) was 4.14 inches (waist + hip + thigh).  Within the standing and supine hip 

measurements, there was a greater mean difference as compared to waist and hip 

measurements (Table 2). Overall, there was a greater difference between standing and supine 

hip measurements. 

 

The correlation coefficients (r) for body composition measurements, shown in Table 3, were 

consistently higher for the standing waist than supine waist circumference with body composition 

factors including weight, BMI, BMR, fat mass and fat-free mass, but not for percent fat. An 

increase in body mass index was associated with a greater magnitude of difference between the 

two measurements of waist circumference between the two techniques (p = 0.02). All body 

composition factors had a higher correlation with supine than standing measurements in hips and 

thigh measurements, especially those comprised of fat mass (e.g. fat mass and fat percent 

mass). 

Discussion 

Given the widespread use of anthropometric and circumference measures in the obesity 

literature, there is a need to reassess the reliability of positioning while measurements are being 

taken if they are being used to estimate obesity. We illustrate strong correlation between standing 
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and supine circumferences of waist, hip and thigh, but a larger difference between the two body 

position measurements for hip circumference. Standing/supine circumferences were both 

correlated with various body composition measurements. The variation was extensive and ranged 

from r=0.049 to the highest being r=0.912. While standing waist circumference showed slightly 

higher correlations than supine circumference, the magnitude of the differences were negligible 

for BMI but larger for correlations with weight, BMR and fat mass. Supine hip circumferences had 

stronger correlations with weight and BMI than standing measurements. Standing waist 

circumference and supine hip circumference correlated more strongly with fat mass.   

 

Studies have shown that an increase in BMI is related with an increased risk of cardiovascular 

and metabolic disease (1, 16). The problem with using BMI as a sole indicator of disease risk is 

BMI’s inability to differentiate between fat mass and lean tissue (29). For that reason, it is 

important to employ other indicators of risk, such as waist and hip measurements, along with BMI 

to classify metabolic disease risk for an individual. The findings of the present study are important 

because if using waist and hip measurements as surrogates or in addition to the use of BMI as 

indicators for health status is the current standard, then it is essential that these measurements 

are properly administered for obese individuals. If supine hip measurements correlate with weight 

and BMI more than standing measurements, the current standard protocol of taking 

measurements while standing may be inappropriate for this population.  

 

Previous studies (23, 30) of variability of measurements according to anatomical sites reported 

high reproducibility and suggested variability in circumference measurements due to anatomical 

site location of the measurement, although these studies did not take into account body 

positioning while evaluating body composition. Other factors that can reflect the variability of 

measurements include timing of assessment, reporting bias, and type of body composition. This 

was evident in our data when we rejected the null hypothesis that the bias was equal to zero in 

the Bland-Altman plot of hip measurements. This is consistent with the presence of proportional 

bias and was not seen in either the waist or thigh measurements (Figure 2). 
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Because there are several different protocols available to measure waist circumference, Wang et 

al. (23) compared the different techniques by using 4 groups of participants from various research 

trials that were already using waist circumference as one of their outcomes. They compared the 

measurements they collected with various adiposity factors, such as body fat mass, percent body 

fat, and percent fat in the trunk region with a DEXA scan. Their repeated measures were highly 

reproducible and found higher correlation with trunk adiposity and total body adiposity measures 

than other locations of adiposity. In another study, Mason and Katzmarzyk (30) showed that the 

magnitude of the differences in waist circumference was reproducible by measurement site. They 

measured the waist circumference of 223 men and 319 women in four different anatomical sites 

(at the superior border of the iliac crest, midpoint between the iliac crest and lowest rib, umbilicus, 

and the minimal waist), but did not compare their results to any other form of measuring adiposity. 

The main difference between these studies and the present is that their average BMI was 

considerably lower than the BMI ≥ 30 kg/m2 required for the present study. They were not 

measuring obese individuals, rather normal weight subjects that may not have had the amount of 

fat mass that our subjects possessed. 

 

The variation of our findings for standing versus supine measurements may also be explained by 

the complex influence of adiposity. For example, a person’s body type (apple versus pear 

shaped) may change the correlation of body site-specific measurements to total body 

composition measurements. Of importance, we noted that subjects with higher BMIs, as a 

continuous factor, had a larger discrepancy between standing and supine measurements, which 

could reflect either higher site-specific adiposity or higher overall fat mass that could shift 

between positioning. 

 

Limitations included a small sample size; we were unable to compare the effect of measurement 

positioning based on sex, as the sample size of males was low. Additionally, the study would 

have been strengthened by the use of two medical assistants to take all the measurements to be 
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able to confirm measurements. A strength of this study was that the participants tended to be 

obese, representing subjects for whom the discussion of measurement issues and potential 

disease risk are most relevant. To our knowledge, this study is the first inter-method reliability 

study of positioning while taking circumference measurements. 

 

Future studies should examine the differences between males and females to determine if there 

is something unique about the adiposity and measurement variability in these groups. Within this 

study we were only able to assess a few factors which might lead to variability in measurement 

outcomes, but we were unable to adjust for other factors because of a homogenous group 

chosen according to employment status. Lastly, the characteristics of patients with obesity are 

vastly different and thus extrapolation of our findings beyond the setting of this study should be 

performed to improve the generalizability of the results. 

 

Conclusion 

In our clinic-based sample from community hospital employees, we observed high correlations 

between supine and standing circumference measures, with differences in the correlations 

between these measures and fat mass, BMI, and other anthropometric factors. Future studies of 

variability of body composition measurements should include males and females, consider the 

potential for reporter bias, and explore other areas that may be affected by measurement 

positioning.  
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Table 1: Descriptive characteristics of 44 participants’ host and body composition factors 
measured by anthropometry 
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Table 2. Summary of standing and supine circumference measurements for each anatomical 
position (in inches) among 44 participants. 
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Table 3. Correlations between standing/supine circumferences and body composition 
measurements among 44 participants 
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Figure 1. Correlation analyses between anthropometric variables in standing and supine 
positions. 

 
 

 

 
Correlation analyses between standing and supine position in (A) waist circumference, (B) hip circumference, (C) thigh 
circumference in inches. in=inches; circ=circumference; r=Pearson’s correlation coefficient; p=p value. 
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Figure 2. Bland and Altman plot for differences between standing/supine measurements and the 
mean of both techniques  

 

 

 
Bland-Altman plots with the mean and the representation of the limits of agreement, from -1.96s to +1.96s; p<.05: 
presence of proportional bias; p>.05: bias not present, adequate level of agreement 
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APPENDIX D: HUMAN SUBJECTS APPROVAL 
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APPENDIX E: LIST OF VARIABLES AND 

ASSESSMENTS 

1. MWL Pilot Patient History Questionnaire 

2. Monthly Nutritional Assessment & Consultation 

3. Monthly Exercise Assessment & Consultation 

4. Monthly Psychological Assessment & Consultation 

5. Monthly Support Group Attendance 

6. Medical Assessment at Enrollment Visit, Month 6, and Month 9 

7. Monthly Intake Self-Assessment 

a. Overall, how hungry have you felt? 

b. Overall, how satisfied have you felt? 

c. Overall, how full have you felt? 

d. How compliant was I with eating 3 meals/day? 

e. How compliant was I with following the plate method during my meals? 

f. How compliant was I with eating planned snacks? 

g. Did I keep a food log at least one week? 

8. Vitals 

a. Height (ft/in) and Weight (lbs) 

b. BMI Calculation 

c. BMR = basal metabolic rate 

d. FFM = fat free mass (lbs) and Fat Mass = total fat mass (lbs) 

e. Fat Percent = percent fat of total body weight (percent) 

f. Total Body Water = total weight of water in body (lbs) 

g. Hip Circumference (in) = taken both standing and lying down 

h. Waist Circumference (in) = taken both standing and lying down 

i. Waist/Hip Ratio 

9. Fitness/Wellness Evaluation 

a. Two minute step test = how many steps patient can perform in two 
minutes 
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b. HR = heart rate change after step test 

c. Rated Perceived Exertion (RPE) Scale = to measure intensity of 
evaluation  

i. [0, complete rest; 1, very, very easy; 2 easy; 3 moderate; 4 
somewhat hard; 5 hard; 6; 7 very hard; 8; 9; 10 extremely hard 
(almost maximal exhaustion)] 

d. Balance = how many seconds can they balance on right and left foot – 2 
min max 

e. Flexibility = Sit and reach test (best of 3 trials) 

f. Grip strength (kg) = Test dominant hand and non-dominant hand 

10. Enrollment Psychological Assessment 

a. Procedures: Weight and Lifestyle Inventory (WALI), Attitude and Behavior 
Survey, Comprehensive Psychological and Behavioral Evaluation 

b. Evaluation of: Current situation, Weight History, Family Weight History, 
Weight Loss History, Weight Loss Goals, Tobacco and Alcohol Use, 
Eating Behavior and Patterns, Physical Activity History, Sleep Patterns, 
Family and Social Support, Medical History, Presentation and Mental 
Status, Psychosocial Context (Biological Factors, Environmental Factors, 
Social/Psychological Factors, Timing Factors), Self-perception/self-
esteem, Motivation for Weight Loss, Confidence/Self-Efficacy 

c. Comprehensive Psych Score 

d. Life Story Assignment 

11. Psych Initial Evaluation - Likert scale (1-5) of the following items: 

a. Prior weight loss success = No success (1) to Major Success (5) 

b. Severity of current stressors = Severe (1) to Minimal (5) 

c. Level of social support = Low (1) to High (5) 

d. Sleep patterns = Poor (1) to Excellent (5) 

e. Problematic eating patterns = High (1) to Low (5) 

12. Psych Follow-up Criteria 

a. Self-Efficacy = Low (1) to High (5) 

b. Program Adherence = Low (1) to High (5) 

 




