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ABSTRACT 

Nut consumption, specifically almonds, have been shown to help maintain 

weight and influence disease risk factors in adult populations. Limited 

studies have been conducted examining the effect of a small dose of 

almonds on energy intake and body weight. The objective of this study was 

to determine the influence of pre-meal almond consumption on energy 

intake and weight in overweight and obese adults. In this study included 

21, overweight or obese, participants who were considered healthy or had 

a controlled (>3 month) disease state. This 8-week parallel arm study, 

participants were randomized to consume an isocaloric amount of 

almonds, (1 oz) serving, or two (2 oz) cheese stick serving, 30 minutes 

before the dinner meal, 5 times per week. Anthropometric measurements 

including weight, waist circumference, and body fat percentage were 

recorded at baseline, week 1, 4, and 8. Measurement of energy intake was 

self-reported for two consecutive days at week 1, 4 and 8 using the ASA24 

automated dietary program. The energy intake after 8 weeks of almond 

consumption was not significantly different when compared to the control 

group (p=0.965).  In addition, body weight was not significantly reduced 

after 8 weeks of the almond intervention (p=0.562). Other parameters 

measured in this 8-week trial did not differ between the intervention and 

the control group. These data presented are underpowered and therefore 

inconclusive on the effects that 1 oz of almonds, in the diet, 5 per week has 

on energy intake and bodyweight. 
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Chapter 1 
 

INTRODUCTION 
 
 The prevalence of individuals who are overweight or obese in the 

United States has greatly increased over the last two decades (90).  The 

health consequences of being overweight and obese include cardiovascular 

disease, stroke, type 2 diabetes, respiratory disease, and some types of 

cancer (90). Recommendations for weight loss often require major 

changes to diet and physical activity levels, which many individuals find 

difficult to sustain. The lack of success with current weight loss strategies 

indicates a need for simple and effective dietary approaches. Recently the 

Joint Task Force of the American Nutrition Society, Institute of Food 

Technologist, and International Food Information Council has endorsed a 

small step approach to weight loss (56).  In searching for a simple, dietary 

change, individuals would be able to make, interest in the affect of almond 

consumption on body weight has developed. Present research has 

demonstrated a beneficial effect of almonds consumption on weight 

maintenance (7, 58). It is thought that the protein, fat, and fiber content of 

the almonds leads to a satiating effect, which may help reduce total calorie 

intake (7, 79). 

 The majority of research conducted has examined the effects 

almond consumption on blood cholesterol, maintenance of body weight, 

insulin resistance, and blood glucose levels (45, 50, 61). Few studies, 

however, have directly measured the effect of almond consumption on 

weight loss.  
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Most research on almond consumption and body weight has focused 

primarily on weight gain and weight maintenance. Recent studies in which 

participant’s ingested large amounts of almonds, 2-3 oz per day, 

contributing between 300-630 calories per day did not result in weight 

gain (45, 61, 103). Weight maintenance is thought to come from a 

compensatory mechanism, where participants consume fewer than 

expected calories to compensate for the almond servings ingested. Cross 

sectional studies have focused on the eating habits of populations with 

lower body mass indexes (BMI). Interestingly, these studies consistently 

demonstrate an inverse relationship between BMI and almond 

consumption (7, 8, 45). 

When considering research that examined almond consumption 

and body weight, it may be plausible that the dosage of almonds previously 

given was too high to see a reduction of weight.  A lower dose, such as 1 oz, 

provides protective benefits (62) but may also promote weight loss. In 

addition, most studies did not control when or how the participants were 

supposed to consume the almonds. Providing the almonds before the 

evening meal may encourage a small calorie deficit in the evening meal 

that could potentially lead to weight loss.  

Although Healthy People 2010 has recognized the importance of 

reducing the portion of adults who are overweight or obese as one of its 

main goals, little progress has been made in reversing this trend.   
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The health implications and economic cost related to being overweight and 

obese continues to make it a key concern of Americans and nations 

worldwide. In 2000, the Surgeon General stated the United States had 

spent an estimated total of 117 billion dollars treating obesity, associated 

morbidity and an estimated 300,000 deaths occur each year that can be 

related to obesity (87). Even modest weight loss (5% of body weight) can 

reduce a person’s risk for cardiovascular disease, type 2 diabetes and other 

chronic diseases (87). Effective and sustainable strategies, geared toward 

compliance, resulting in successful weight loss are needed.  Redefining 

recommendations for weight loss that include a small step approach may 

be able to bring the desired results, as well as long term compliance, that is 

required for success. 

Purpose 

The primary intent of this randomized parallel arm experiment was 

to determine the effect of almond consumption on weight loss in 126 

overweight and obese adults, ages 20-75, from the Phoenix, metropolitan 

area. The study consisted of two groups. The first group consumed 1 ounce 

of almonds before the evening meal 5x per week and the second group 

consumed two, 2oz cheese sticks before the evening meal 5x per week.  

Changes in the dependant variables energy intake, weight, body 

composition, BMI, and waist circumference, were assessed at o, 4 and 8 

weeks. 
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Hypotheses 

1. Overweight and obese adults consuming 1 oz of almonds before the 

evening meal will consume, on average, fewer calories, compared to pre-

trial values. Overweight and obese adults consuming an equal caloric 

portion of control product before the evening meal will consume, on 

average, similar calories as compared to pre-trial values. 

2. Overweight and obese adults consuming 1 oz almond servings before the 

evening meal will lose a moderate but significant amount of body weight 

after 8 weeks. Overweight and obese adults consuming an equal caloric 

portion of control product before the evening meal will not experience a 

change in body weight after 8 weeks. 

Definition of Terms 

Body composition: the relative proportions of protein, fat, water, and 

mineral components in the body. 

Hemoglobin A1C:  a test that measures the amount of hemoglobin bound 

to glucose. It is a measure of how much glucose has been in the blood 

during the past two to four months. 

Insulin resistance:  is the condition in which normal amounts of insulin 

are inadequate to produce a normal insulin response from fat, muscle and 

liver tissue. 

Overweight: An adult who has a BMI Between 25 and 29.9 is considered 

overweight. 

Obese:  An adult who has a BMI of 30 or higher is considered obese. 
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Delimitations 

Subjects were recruited from the Phoenix, metropolitan area. 

Subjects were sedentary adults 20-75 years of age, who were not be 

pregnant or lactating. In addition subjects were not taking steroidal 

medication and were not allergic or intolerant to any nuts, peanuts, or 

dairy products. Subjects were also expected to have regular access to a 

computer to complete 24-hour dietary recalls. Due to these restrictions the 

results of this study may not be generalizable to all population groups. 

Limitations 

There are several limitations that should be discussed regarding 

this study.  The first limitation is that participants may not adhere to the 

protocol of the study.  Subjects may also experience circumstances within 

their lives that impact their dietary behaviors and overall food intake 

during the course of this study. Secondly this study will use the 24hour 

dietary recalls that rely on participant’s memory and knowledge of portion 

sizes. An automated dietary program ASA24 was used to administer the 

24-hour dietary recalls. Participants received emails to help ensure 

compliance to dietary protocol. 
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Chapter 2 
 

Review of Literature 
 
Obesity  

Trends and Prevalence’s 

 Since the 1980’s the United States has seen a rise in the rate of 

overweight and obese individuals that has increased to epidemic 

proportions (18). To date, approximately 35% of American adults are 

defined as overweight and another 30% are considered obese (88, 117). 

Based on data from the 1970’s a dramatic increase can be seen when 

comparing these to recent data. In 1970’s, about 32% and 15% of the US 

adult population was considered overweight and obese (19). Compared to 

the Third National Health and Nutrition Examination Survey (NHANES 

III 1999-2000), which reported 59.3% of men and 49.6% of women, aged 

20-74 years, were considered overweight (17).  

 Reported body weight has increased across age, sex, socio-economic 

classes, ethic groups, and geographical regions in the United States. 

However, disparities are shown between race, ethnicity, gender, age and 

socioeconomic status. A meta-regression analysis examined the current 

disparities as well as observed prevalence’s (119). This analysis looked at 

data compiled by all NHANES surveys, examining over 900 articles, with 

over 80 journal publications that assessed obesity and overweight in the 

United States.  
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Women demonstrate the largest disparities shown between racial 

and ethnic differences. Minority groups (except for Asians) have a higher 

rate (> 10%) of obesity compared to White women.  

This is particularly noticeable among Non-Hispanic blacks, where 80% of 

women over 40 years of age are considered overweight or obese (119). 

However, most large databases examined did not have adequate number 

of other minorities besides Non-Hispanic Blacks and Mexican Americans.  

The Add Health Study showed that Asian women were less likely to be 

obese, but that disparities between Asian groups do exist.  Native 

Hawaiians and Samoans experience the highest prevalence of overweight 

and obese women compared to other Asian groups (54). When looking at 

the current obesity trends, increases among Mexican-American women 

have been slower then White and Non-Hispanic Black women (118).  

Health disparities have long been observed between different 

socioeconomic status groups. Socioeconomic status is a complex variable 

that does not always accurately reflect risk because of variances in gender, 

race and education level. Individuals who have received less than a high 

school diploma (or equivalent) have a higher prevalence of obesity, 

compared to those with more education, with the exception of black 

women (17).   

Geographical differences are also noted for obesity trends.  In 2005 

only Colorado, Hawaii, Vermont, and Connecticut had obesity rates less 

than 20 %. In contrast three states; Louisiana, Mississippi and West 

Virginia had an obesity rate of 30% or higher (118).  
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Currently southeastern states have higher rates of obesity compared to the 

West Coast, Midwest and Northeast coast (118).  

Body Mass Index 

Overweight and obesity definitions have been determined based on 

an increased risk of mortality and chronic disease (85, 122). Overweight 

and obesity are defined by body mass index (BMI), a calculation derived 

from height and weight measurements (kg/m2). Based on these categories, 

overweight is defined as an adult who has a BMI between 25.0 and 29.9, 

while obese is defined as an adult who has a BMI of over 30.0 (119) (See 

Table 1). Obesity is further broken down into three subcategories: Obese I 

(BMI 30-34.9), Obese II (BMI 35-40) and Obese III (BMI >40). BMI has 

been well established and is used by many different organizations 

including the Center for Disease Control (CDC) and the World Health 

Organization (WHO) as a leading measurement for health risk (41). 

TABLE 1  

Standard Body Mass Index Chart 

 Under Weight Healthy Weight Overweight Obese 

Adult > 18 yrs <18.5 18.5-24.9 25.0-29.9 > 30.0 

 

 Several studies have supported the use of BMI as a predictor of 

health risk. A study by Brown et al. examined data from NHANES III and 

measured parameters known to increase risk of chronic disease including 

blood pressure, total cholesterol and high density lipoprotein levels (HDL-

C) levels.  
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Results from this study showed that blood pressure was higher in men (131 

vs. 121 mmHg) and women (127 vs. 116 mmHg), than adults who were 

categorized as having a normal BMI (<25). 

Total cholesterol levels were also increased with a rise in BMI. High levels 

of blood cholesterol in women increased from 13% among the lowest BMI 

category to 30% at higher BMI categories.  

Among men a similar trend was found, where 13% of men had high 

cholesterol in the lowest BMI category compared to 22% at the highest 

BMI category. This study also reported HDL-C being inversely related to 

BMI status in both men and women across different races. Low HDL-C 

was reported in 17% of women with a BMI less then 25, and rose to 41% 

when BMI was greater than 30.  Men with low levels of HDL-C and a BMI 

<25 was 9%, where as, in men with BMI >30 the percentage of low HDL-C 

was 31% (14).  

In the prospective study, The Nurses’ Health Study, relationships 

between BMI and overall mortality and specific mortality in middle-aged 

women were examined. Self reported heights and weights were recorded at 

baseline in 1976 and BMI’s were assigned.  After a 16-year follow-up, 

mortality was the lowest in women with BMI of 19-26.9, and after a 

multivariate adjustment for smoking and other risk factors, the association 

between obesity and mortality strengthened (77). Manson et al. stated 

that, “53 percent of deaths among the women with a body-mass index 29.9 

or higher could be attributed to their obesity”, even when controlling for 

hypertension, high cholesterol and diabetes.  
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Michels et al. examined the sole use of BMI as an indicator of risk 

for elevated blood pressure in adolescent girls. This study analyzed 3,543 

13 year-old, white girls who did not demonstrate a difference in gender, 

race or age. Data was analyzed to determine the impact of each variable, 

including height, weight and BMI, on blood pressure. This study reported 

that BMI alone (p <0.001) was not an adequate predictor of risk for high 

blood pressure (80).  

The sole use of BMI as an indicator of risk is controversial for many 

reasons. For example, BMI does not take into account body composition 

and may under identify individuals who are obese and overweight (89). In 

addition, a calculated BMI cannot distinguish whether the body weight is 

derived from bone, muscle or fat, which may result in inaccurate 

identification of risk for individuals. This is especially true for the elderly 

and for individuals who are very muscular (36). Body composition often 

changes with age and certain medical conditions, which in turn can alter 

the associated health risks. These factors suggest that BMI classifications 

may not be applicable across all populations (36,89). 

Waist Circumference 

An increased amount of abdominal adipose, especially intra-

abdominal fat is commonly associated with obesity.  As the prevalence of 

overweight and obesity has risen in the American population, so has waist 

circumference (36).  The use of waist circumference as a measurement of 

risk for heart disease and diabetes is gaining support. 
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Waist circumference measurements are thought to be a better indicator of 

metabolic disturbances and disease risk than BMI, even for individuals 

who fall into normal BMI categories (60, 82).  

Janssen et al. examined data from NHANES III, which compared 

waist circumference to BMI as a predictor of health risk that are 

commonly associated with obesity. In the 14,924 adults examined, this 

study demonstrated that waist circumference alone, significantly predicted 

the risk of co-morbidities (p<0.05) in overweight and obese participants 

compared to normal weight adults. The use of BMI alone also significantly 

predicted the risk of co-morbidities (P<0.05) in participants who were 

overweight or obese compared to subjects with normal weights. When 

waist circumference with the addition of BMI was examined, waist 

circumference still predicted co-morbities except for increased LDL-C in 

men, where as BMI predicted only one co-morbity, hypertension, for male 

participants. This study suggests that waist circumference alone may be 

better at predicting health risk than BMI and waist circumference used in 

conjunction (60).  

Waist circumference is not a flawless measure as it lacks specificity 

between intra-abdominal (visceral) adipose and subcutaneous abdominal 

adipose tissue (36). Further more, waist circumference measurements are 

weakened due to the lack of standardized measurement procedures.  The 

American Heart Association recommends measuring just above the navel, 

but most federal researchers favor the superior mark of the iliac crest, 

which puts the measurement around navel level.  
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However, it is sometimes difficult to find physical landmarks in obese 

adults to determine the start point for waist measurements, which may 

weaken the reliability between measurements. 

Waist–to-Hip Ratio 

Waist-to-Hip Ratio (WHR) is calculated by dividing the waist 

circumference by the hip circumference and is used to measure the 

distribution of adipose in the body (96).  Waist measurements are 

normally taken around the smallest part of the waist, and the hips are 

measured around the widest part of the buttocks (82).  WHR 

measurements have been replaced by waist circumference measurements, 

in part, because waist circumference has been strongly correlated to 

visceral fat and is simpler to obtain (82). An advantage of WHR is that 

waist circumferences are not always the stronger predictor of 

cardiovascular disease or diabetes (42). Since a higher WHR can be a 

result of a larger waist and smaller hips, which represents lower fat or 

muscle mass at the hip area, it may show an association of smaller hips in 

determining increases in risk (27,42,82). 

Factors Affecting Weight Regulation 

 There are three main components that make up body weight 

regulation: energy storage, energy intake and energy expenditure.  Weight 

gain reflects a state of increased energy intake and energy storage, or a 

decrease in energy expenditures (56). Factors that influence weight 

regulation are complex and often wide reaching.   



 
 

 

13 

These factors can include biological, behavioral and environmental 

influences that often interact and contribute to increase energy balance 

and overall body weight. 

Biological 

 Over 100 genes have been recognized to effect body weight.  These 

genes help regulate adipose stores by impacting rates of energy 

expenditure and regulating food intake (25, 83).  Three ways that genes 

can influence weight are by single gene mutations, multi-gene mutations 

and single nucleotide polymorphisim’s (SNP’s). Single gene mutations are 

rare and typically very severe.  The consequences of this type of mutation 

can be seen in syndromes such as Prader-Willi, Cohen and Bardet-Biedl, in 

which patients are known to have high rates of obesity and difficulty 

controlling energy intake (21). The type of mutations generally diagnosed 

in childhood (39). Multi-gene mutations are more indirect and often 

interact with the environment. It is thought that these types of genes if 

expressed on their own, without the influence of an, ‘at risk’ environment, 

would likely have a slight impact on body weight. Lastly, single nucleotide 

polymorphisms can develop that affect a variety of genes and have been 

associated with weight regulation (25).  

The Mauritian Family Study examined the role of 78 SNP’s, within 

the gene SH3-comain GRB2-like-interacting protein 1 (SGIP1), in 400 

Indo-Mauritians adults. SGIP1 is found exclusively in the central nervous 

system of the hypothalamus and has been shown to promote energy intake 

and weight gain.  
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The SNP’s in this study were chosen based on their potential impact on 

energy balance by the role it plays in the nervous system. SNP rs2146905 

showed the strongest association to fat mass (p=0.0005), and 

demonstrated an association to increased BMI (p=0.037) (25). 

These abnormalities may affect several factors that play important 

functions in pathways that contribute to weight regulation. For example, 

mutations in the melanocortin 4 receptor (MC4R) impair the 

melanocortin pathway. Normal expression of this pathway uses the 

hormone leptin to signal to the hypothalamus, which helps to suppress 

food intake by reducing hunger cues and increasing energy expenditure 

(71).  A defect in this gene helps account for an increase in energy intake 

and lowered energy expenditures.  The defect in this passageway, however, 

is only seen in about 3 to 5 % of the severely obese population (71).  

Behavioral 

 Individual as well societal behaviors have attributed to the obesity 

epidemic (57). Two significant changes made in the past several decades 

are changes in dietary habits and physical activity.  Dietary habits have 

drastically changed in the recent decades.  As the dynamics of family and 

work have changed, more Americans are choosing meals based on 

convenience and low prices.  In addition, meals purchased away from 

home are usually given to a consumer in much larger portions then would 

be typically served at the home (123). This may account for an increase in 

intake during these types of meals. Studies have found that larger serving 

sizes do influence eating behavior.   
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One study examining how food portions influenced energy intake in a 

natural setting, found that portion size significantly increases the amount 

of food consumed.  A 50% increase in portion size of a pasta dish was 

associated with a 43% increase in energy intake (29).  

 Physical activity is known to help lower risks of obesity, 

hypertension, heart disease and diabetes (87).  In 2009, The Behavioral 

Risk Factor Surveillance System (BRFSS) examined the amount of adults 

who reported engaging in physical activities at the recommended levels for 

states and the overall U.S. (20). A total of 50.6 % of adults reported the 

recommended 3o minutes or more of moderate physical activity 5 or more 

days per week or at least 20 minutes of vigorous physical activity, 3 or 

more days per week. This report indicates that half of the American 

population does not get the required amount of physical activity needed to 

promote health (20).  

 Donnelly et al. examined the effect of exercise on body weight and 

body composition in overweight and moderately obese adults. Seventy-

four participants were randomized into a supervised exercise group or a 

control group. Energy expenditure from physical exercise was measured 

using doubly labeled water DLW. Men in the physically active group 

demonstrated significant decreases in body weight (p=0.01) compared to 

the control group.  Women in the physically active group did not lose 

weight, however, they were able to remain weight stable compared to an 

increase in weight shown by women in the control group (p=0.03) (31). 

The amount of exercise recommended for modest weight loss is thought to 
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be between 150-250 minutes per week of moderately intense physical 

activity and has been shown to increase weight loss in interventions with 

moderate but no severe caloric restrictions. This recommendations equals 

roughly 22 minutes per day of moderately intense physical activity (32). 

Recording physical activities in participants are typically done 

through the use of questionnaires that range from simple to very detailed. 

The use of validated physical questionnaires is useful to determine the 

type of physical activity, the intensity and the amount of time participants 

spend on these activities to accurately determine the amount of energy 

expended. In a study conducted by Jacobs et al., the validity of 10 different 

physical activity questionnaires was examined.  Jabcobs et al. concluded 

that none of the questionnaires completely covered all dimensions of 

physical activity, and that account for recent compared to usual physical 

activity (59).  This study demonstrated the complexity of capturing an 

accurate estimation of energy expenditure by the use of physical activity 

questionnaires that are frequently used in research for weight loss. 

Food Environment 

 Several studies have looked at specific foods that are responsible 

for the increase in weight gain throughout the population. Bray et al. 

examined the relationship between high fructose corn syrup beverages and 

their role in obesity. This study evaluated a 13-year span of food 

consumption patterns with the U.S Department of Agriculture’s food 

tables.  
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 It reported that intake of high fructose corn syrup increased a 

1000% between 1970 and 1990, exceeding increases shown by any other 

foods, or food groups (75). Bray et al. concluded that a pattern of increased 

consumption of high fructose corn might be associated with increased 

body weight. 

It is more plausible, however, to approach this with a much broader 

focus then determining a specific food. The changes in our food supply 

have lead to large, inexpensive portions of food that are high in fat, sugar, 

and calorically dense, which is know to negatively influence our food 

environments (57).  Drewnowski’s article on obesity, diets and social 

inequalities highlights this negative influence in relation to the energy cost 

of food production of vegetables, which can be up to ten times higher than 

that of oil and sugar (35). This increase in production cost, in turn, raises 

the cost to the consumer when choosing healthier food options. As the cost 

of calorically dense, high fat foods have decreased; consumption of these 

foods has increased in the Western diet.  Not only has the main nutrients 

of our food supply changed and portion sizes have dramatically increased, 

but also the distribution of food is extensive.   

Food is not only heavily advertised on television, but also readily 

available, making food accessible everywhere (57, 70). Moreover, access to 

food outlets that serve calorically dense food, such as fast food and sit 

down restaurants are higher in low-income neighborhoods and super 

markets with healthy foods options tend to be less prominent (63, 91). 
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French et al. analyzed data obtained from the Pound of Prevention 

study, which looked at the frequency of fast food restaurants use in 891 

women over a three-year period. Participants were administered a survey 

about the frequency of fast food use, and usual dietary intake was reported 

using a food frequency questionnaire. Changes in the frequency of fast 

food consumption were statistically significant for total energy intake 

(p=0.01), and weight (p=0.01) (48). French et al. concluded that frequent 

fast food restaurant used could be indentified as a risk factor for excess 

weight gain over time. 

One study, by Jennings et al., examined the relationship between 

weight status and dietary intake, and neighborhood food outlets for 1669 

children ages 9-10 years old. Data was analyzed from Sports, Physical 

activity and Eating behavior: Environmental Determinants in Young 

People study (SPEEDY). Food outlets where categorized as supermarkets, 

fruit and vegetable stores, fast food outlets, restaurants and other food 

outlets. Each type of food outlet was then counted from individual 

neighborhoods using the Ordnance Survey “Points of Interest” data. Food 

outlets were also rated as BMI-healthy, BMI-intermediate, and BMI-

unhealthy, that is described in Rundle et al. (63).  

Body weight was significantly lower (p=0.03) by 1.3 kg for children who 

had availability of BMI-healthy food outlets compared to children who did 

not. A lower BMI was also demonstrated (p=0.02) for children who had 

higher access to BMI-healthy food outlets compared to their counterparts.  
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Physical Environments 

 The physical environment, also known as the built environment, 

has demonstrated an impact on physical activity and body weight (94). 

The advancement of transportation and employment conditions that 

require little physical labor has decreased the demands to be physically 

active (57). In 1970 the US census showed that roughly 78% of the 

populations used vehicles to travel to work, compared to 88% in 2000. In 

addition there has been a decline of walking as a means of transportation 

(44). Land use and patterns in urban environments have been associated 

with decreased physical activity, especially walking (44). The central 

business and commercial districts are often separated from residential 

neighborhoods by large roads and infrastructure that may make it 

dangerous to reach destinations by walking (6). 

 Walkability is determined in an area by the accessibility and safety 

of walkways in an environment. Frank et al. analyzed data from adults 

who were at least 25 years of age and participated in the Strategies for 

Metropolitan Atlanta’s Regional Transportation and Air Quality 

(SMARTRAQ) survey. In this study, high residential density was 

demonstrated to be the strongest predictor of walking (p<0.001) and those 

in high density residential areas were significantly more likely to walk if 

the road ways were well connected (p<0.001)(44). In addition low 

residential density was associated with overweight status for male 

participants (p<0.001).  
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Interestingly, Frank et al. found that, for non-white female participants, 

increased street connectivity was related to higher rates of overweight 

(P<0.001). This study concluded that walkability characteristics of 

neighborhoods, such as residential density and road connectivity were 

associated with the weight status of participants (44). 

 Rundle et al. examined the relationship between urban form and 

body size in a densely settled city (New York, NY). Data was analyzed from 

the New York Cancer Project (NYCP), which included 18,187 participants 

from across the five boroughs of New York City. The built environment 

was measured using mixed land use, access to public transit and 

population density. Mixed land use was determined by calculating the 

ratio of building areas that were specified for commercial or residential 

use. This study reported mixed land (p=0.05), public transit density 

(p=0.01), and population density (p=0.001) to be inversely associated to 

BMI while controlling for individual income level and soci-demographics. 

The availability and increased mixture of commercial areas, which provide 

goods and services within walking distance from residential areas, may 

play an advantageous role in lowering BMI (94). 

Health and Economic Cost of Obesity 

The health impacts of overweight and obesity can be clearly seen in 

related mortalities and morbidities.  As the prevalence of overweight and 

obesity has climbed, so has the incidence of cardiovascular disease, some 

types of cancers and type 2 diabetes (40).  
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The link between obesity, especially abdominal adiposity, and 

cardiovascular disease is well documented (60). Cardiovascular disease is 

the leading cause of death and a major cause of disability in the United 

States  (96). As of 2000, it is estimated that an annual 400,000 death per 

year can be related to obesity (81).  

The economic cost of overweight and obesity is a substantial burden 

to America’s health care system.  The direct consequences can be related to 

preventive measures and treatment services that the obese and overweight 

receive. The treatment costs are staggering for related morbidities such as 

hypertension, cardiovascular disease and type 2 diabetes (121). In 

addition, studies have shown that health care spending is increased by 

36% for obese adults who are under 65 years of age (107) In 2000, the 

CDC estimated the total cost linked to overweight and obesity to be 117 

billion dollars, with 61 billion dollars direct cost and 56 billion dollars 

related to indirect cost. Indirectly, the cost can be seen through lost wages, 

disabilities, and lost future income due to premature death (121).   

 The Chicago Heart Association (CHA) study examined Medicare 

spending over a 19-year span, related to overweight and obesity in young 

adult hood and middle age. Data for Medicare fee-for-service calms were 

obtained between 1984 through 2002 for participants who were eligible 

for Medicare benefits. 
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 The CHA study concluded that an increase in weight for both men and 

women in young adulthood or middle age was significantly associated 

(p<0.01) with total Medicare health care spending in older age, while 

adjusting for years of Medicare eligibility, race, education, smoking, 

cholesterol levels, blood pressure and vital status (26).   

Using data from 1987 Medical Expenditure Survey (NMES) and the 

2001 Medical Expenditure Panel Survey (MEPS), Thorpe et al. estimated 

the spending in health care cost attributed to changes in obesity among 

obese people. Medical conditions were self reported and BMI was 

calculated for each participant using self reported heights and weights. An 

increase in the number of treated cases for diabetes (+79 %), and 

hypertension (+29%) was noted between the 1987 NMES and the 2001 

MEPS, which may indicate a higher portion of spending attributed to these 

diseases. Per capita spending was predicted for each participant within the 

3 categories of BMI of normal, overweight and obese. Trends in obesity 

showed a calculated 41% increase in spending for heart disease, 38% 

increase for diabetes, followed by 22% increase for hyperlipidemia (110).   

Weight Loss Strategies and Diet Recommendations 

 As the prevalence of overweight and obese populations has 

increased, several weight loss strategies have been developed to meet this 

challenge. An analysis of the 1998 National Health Interview Survey was 

conducted in 2004.  
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These face-to-face interviews were conducted among 32, 440 adults in the 

U.S with 24% of men and 38% of women trying to lose weight. Among 

adults interviewed, eating fewer calories was cited at the most common 

technique, with 58% men and 63% of women mentioned using this 

strategy (67). In addition, 49% men and 56% women reported eating less 

fat and, 52% of men and 54% of women, increased physical activity as 

preferred methods for weight loss (67). The most widely used treatment 

for obesity is physiological or behavioral treatment, including a change in 

diet or physical activity habits (15). These diets often range from low 

calorie, low fat, low carbohydrate-high protein diets or diets that are based 

on different guidelines than the USDA dietary guidelines (Mediterranean 

diet) and interventions that include an exercise component. An increasing 

amount of support has also been growing for a small step, individualized 

approach to weight loss.  

Low Calorie Diet 

Low calorie diets are a weight loss strategy that includes lowering 

energy between 15-60% usual caloric intake (116).  A reduction of energy 

intake can lead to an overall negative energy balance and in turn cause 

weight loss. The American Heart Association guidelines recommends a 

diet that is low in calories, high in fruits, vegetables, fish and unrefined 

grains. An exercise component of at least 30 minutes of exercise everyday 

is also suggested.  
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The effectiveness of low calorie diets and weight loss have been well 

documented (114), however, long-term weight maintenance and 

compliance to low calorie diets have not been demonstrated as effective in 

influencing the occurrences of overweight and obesity in the United States. 

Tapsell et al. examined the short-term effects of energy restriction 

and fat sub type on weight loss for 3 months in 150 overweight and obese 

adults. Participants were randomized into four groups who received 

isocaloric diets and dietary advice pertaining to participants group. Group 

1 was a low fat (LF) group with a pattern of 50% carbohydrates, 20% 

protein and 30% fat, comprised of 5% poly unsaturated fat (PUFA), 15% 

monounsaturated fat (MUFA) and 10% saturated fat (SFA). Group 2 was a 

low fat PUFA group same macronutrient distributions as LF but with 

advice on inclusive foods high in PUFA, comprised of 10% PUFA, 10% 

MUFA and 10% SFA. Group 3 was a low fat-low calorie LC that received 

advice to consume the same macronutrient distributions as group 1 and a 

calorie restriction. Group 4 was a low fat-PUFA-low calorie group that 

received the same dietary advice as group 2 and an additional calorie 

restriction requirement. After three months all groups reported weight 

loss, however the low calorie groups 3 and 4 lost more weight (p=0.026) 

compared to groups 1 and 2 who did not have an additional calorie 

restriction (109). 
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A systematic review of 16 studies was completed, researching the 

effects of low calorie or calorie-restricted diets. Douketis et al. researched 

studies that where greater then 1 year in length and had more than 100 

participants, without pharmacological intervention. After 2-3 years, weight 

loss was usually reported to be 5 kg less then baseline weight and within a 

4-7 year, weight was 3.6±2.6 kg below participant’s baseline (33). 

Low Fat Diet 

  Low fat diets are often used as a means of reducing body weight and 

are closely in line with current recommendations from the 2010 Dietary 

Guidelines for Americans. The role of dietary fat and regulation of energy 

intake was examined by Lissner et al. in 24 adult women. Each subject 

participated in three, 2‐week ad libitum diets that contained low 15‐20%, 

medium 30‐35% and high 45‐50% of dietary fat. All foods were provided and 

participants were given a choice of 20 food items with each category that had 

similar fat content. No significant difference (p>0.05) in energy intake was 

noted between the three, 2‐week periods, which suggested that participants 

had not adjusted their caloric intake based on the percentage of fat intake 

(72). 

A study by Bradley et al. examined the relationship between energy 

dense of foods and energy intake across multiple levels of fat content.  In this 

study 36 women who were considered lean or obese participated in 6 

experimental sessions in which participants consumed breakfast, lunch, 

dinner and a snack ad‐libitum. 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The main entrees for these meals were manipulated in content of fat, 

ranging from low fat (~25%), medium fat (~35%) and high fat (~45%) and 

serving portions were similar throughout each range. Total intake of entrees, 

for all women did not demonstrate a significant change (p<0,05) for 

manipulated entrees. An adjustment for energy density of fat content was not 

made by either group of participants (10).  

Brinkworth et al. examined the long-term effects of a very low 

carbohydrate diet versus an isocaloric low fat diet on weight loss over a 12-

month period. A total of 69 adults with abdominal obesity and at least one 

risk factor for metabolic syndrome participated in this study. The low 

carbohydate diet consisted of 4% carbohydrates, 35% protein and 61% fat 

and the isocaloric low fat diet consisted of 46% carbohydrates, 24% 

protein and 30% fat. At the end of the 12-month period both groups had 

lost similar amounts of weight (p=0.14) and body fat (p=0.30). 

Brinkworth also reported that the low carbohydrate diet participants 

demonstrated an increase in HDL cholesterol (p=018) and an increase in 

LDL cholesterol (p=0.001) compared to the isocalorie low fat diet 

independent of energy intake or weight loss (13). 

Low Carbohydrate and High Protein Diet 

  The use of low carbohydrate, high protein diets, for weight loss has 

received on going attention. In contrast, the current American Dietary 

Guidelines and the American Dietetic Association recommends a diet high 

in complex carbohydrates and low in fat (114).  
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Low carbohydrate, high protein diets can be higher in total and saturated 

fat, which has the potential to raise triacylgylcrol’s and LDL cholesterols 

and the risk of heart disease. 

Skov et al. examined protein versus carbohydrates in an ad libitum, 

reduced fat diet on body weight. This study was conducted over a 6-month 

period with 65 health overweight and obese adults.  

All participants were randomly assigned to a the high protein (HP) diet 

which consisted of energy from 25% protein and 45% carbohydrates, a 

high carbohydrate diet which derived energy from 12% protein and 58% 

carbohydrates or a control group that was advised to not make any dietary 

changes.  After six months, the HP group intervention group 

demonstrated significant weight loss (p=0.0002) of 8.7 kg compared to 

5.0 kg in the HC intervention group (100). 

Noakes et al., examined the effect of energy-restriction, high 

protein, low fat diets compared to a high carbohydrate, low fat diets on 

weight loss, body composition and nutritional status. One hundred 

overweight and obese adults were assigned into two isocaloric diet groups. 

The first group consisted of a high-protein, low saturated fat (HP) group 

with energy coming from 34% from protein, 20% fat (<10% saturated fat) 

and 46% from carbohydrates. The second group was a high-carbohydrate, 

low saturated fat (HC) group with energy coming from 17% protein, 20% 

fat (<10% saturated fat) and 64% from carbohydrate.  
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After 12 weeks, a significant difference (p= 0.29) for weight loss was not 

noted between the HP and the HC group. But decrease in triacylglycerols 

(p=0.007) was demonstrated for participants in the HP compared to the 

HC groups (84). 

A study by Treyzon et al. examined the effects of a high protein 

meal replacement with in a standard high protein diet compared to a 

control meal replacement in a standard protein diet. Participants were 

advised to avoid heavy physical resistance exercises. At the end of 12 weeks 

both groups had lost significant amounts of weight (p<0.0001).  

BMI was also shown to be significantly lower than baseline but did not 

show statistical significant between groups. Participants that were given 

the high protein meal replacements lost a significant amount of fat at 12 

weeks (p<o.oo1) compared to baseline.  The high protein group also lost 

significantly more fat compared to the control group (p=0.05). Treyzon et 

al. concluded that compliance was an important factor in the studies meal 

replacement regimen, even more so than protein content (112). 

 As with any diet that focuses on redistribution of macronutrients, a 

low carbohydrate diet invariably increases intakes of protein and fat. 

Although these diets report a high level of satiety and in some cases, 

increased compliance, there can be several disadvantages to a low 

carbohydrate diet. Subjects on low carbohydrate diets have noted side 

effects that include headaches, diarrhea, muscle cramps and lack of 

concentration (43). Long-term low carbohydrate diets need to be further 

researched to assess potential impact.  



 
 

 

29 

Mediterranean Diet 

The Mediterranean diet has increased in popularity in the last 

decade due in part to its positive effect on cardiovascular disease. The 

Mediterranean diet is often rich in vegetables and tends to favor fish, 

seafood and poultry, while being lower in some types of meat such as beef, 

lamb, and pork (97). Emphasis is put on the consumption of nuts and olive 

oil resulting in a moderate fat diet that is high in monounsaturated fat 

(114). The high levels of monounsaturated fat commonly found in this diet 

are thought to lead to the protective benefit seen in the cardiovascular 

system (93).  

The impact that the Mediterranean diet has on weight loss has only 

been examined in a few studies.  Shea et al. conducted a study that looked 

at the difference of weight loss between the Mediterranean diet, low 

carbohydrate diets and low fat diets. In this 2-year trial, 322 moderately 

obese participants were randomized to three different diets.  The 

Mediterranean diet restricted calorie intake to 1500 for women and 1800 

for men with less than 35 % of calories coming from fat.  The low 

carbohydrate diet was a non-restrictive-calorie diet that aimed for 20 

grams of carbohydrates per day for a 2-month introduction and increased 

up to 120 grams per day for the duration of the study.  In this study the 

low fat diet was based on the American Heart Association 

recommendations. The low fat diet was calorie restricted and given similar 

recommendation for the Mediterranean diet with 1500 calories for women 

and 1800 calories for men.  
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Intake of cholesterol was limited to 300mg/day and total fat intake was 

restricted to <30%/day with <10% coming from saturated fat. The results 

of this study showed that the Mediterranean-diet and the low-

carbohydrate diet achieved the greater weight loss (p<0.0001) for 

interaction between diet group and time compared to the low fat diet 

group (97). 

One study reported the effects of the Mediterranean diet with or 

without calorie restriction and a conventional diet on weight loss. A total 

of 192 men were assigned to either a Mediterranean dietary pattern, or a 

calorie restricted Mediterranean dietary pattern, with a physical activity 

component, or the two perspective control groups.  A significant weight 

loss 14 kg  (p<0.001) from baseline was observed for participants in the 

Mediterranean dietary pattern regardless of caloric restriction compared 

to only 2.0 kg weight loss from baseline in the control groups (38). 

Meal Replacement 

 Weight loss strategies often use shakes or other products that are 

controlled for calories and nutritional content for meal replacements (112). 

Meal replacements typically contribute one or two meals of daily energy 

intake. Concerns have been raised over the nutritional adequacy of 

prepackaged foods, however, most meal replacement are fortified with 

vitamins and minerals to prevent long-term deficiencies (52). 

 Ashley et al. conducted a one-year long study to examine the 

nutritional adequacy of meal replacements compared to traditional food 

group interventions during weight loss.  
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A total of 96 over weight and obese women were assigned to a Meal 

Replacement Group (MRG) or a Traditional Food Group (TFG) with a 

1200 kcal per day restriction. Both groups were to attend 18 classes within 

the first 6 months of the study and received education developed by a 

registered dietitian. Participants also received a LEARN Program for 

weight control with the MRG receiving the Meal Replacement Edition of 

the manual. The TFG group was educated on a diet plan based on the 

USDA Food Guide Pyramid and received grocery store gift certificates for 

healthy food selections. Participants in the MRG were instructed on a diet 

plan that included commercially available meal replacements to be used 

for two out the three main meals. Mean weight loss was not significantly 

different (p>0.05) between the MRG and the TFG groups at one year (3). 

 The effect of meal replacements on weight loss was examined in an 

8-week conducted by Hannum et al. Sixty overweight and obese women 

were divided into a self-selected diet group, that was advised to consume a 

diet based on recommendations given from the USDA Food Guide 

Pyramid, or a portion-controlled group instructed to consume entrees that 

were provided for lunch and dinner. Both groups were advised to eat two 

servings from nonfat diary foods, two serving of fruit and eight cups of 

water per day. Participant who received the meal replacements lost 

significantly more weight, 6.5% compared to 4.2% for participants in the 

self-selected diet group (p<0.01) (53). 
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Small Step Approach 

 The small step approach was examined to provided the needed 

dietary and behavioral changes that were achievable and maintainable to 

promote weight loss and decrease disease risk (56). A council, The Joint 

Task Force of the American Society For Nutrition, Institute of Food 

Technologists, and International Food Information Council, convened to 

determine if the small step approach would be useful in addressing global 

obesity. One study conducted by Stroeble et al. examined the effects of a 

small change approach for weight maintenance on 100 American families 

with at least one child. Families were randomly assigned into a control 

group that was asked to record their physical activity and dietary intake 

with out change or the America on the Move (AOM) group that advised an 

additional of 2000 steps per day from baseline and to switch form regular 

dietary sugar to a non-caloric sweetener, providing a reduction of about 

250 kcals from the combined behavior changes.  After 6 months both 

groups demonstrated significant decrease in BMI for age, however 

significantly more AMO children demonstrated a reduction of BMI for age 

(p<0.05) and fewer demonstrated an increase in BMI for age (p<0.05) 

compared to the control (105). 

 In addition, the food industry has also made progress supporting the 

small step approach by offering single serving packages of small snack 

portions for a variety of products. The impact of this packaging has been 

controversial on the effect it has on consumers’ body weight and overall 

consumption. 
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 Using an individualized small step approach to weight loss may be able to 

prevent usual weight gain typically seen overtime in the American 

population (8, 7, 56) and be able to provide a sustainable mechanism for 

weight loss in overweight and obese adults. 

Surgery 

 As Americans continue to trend towards morbidly obese proportions, 

the use of surgical procedures, as well as the use medications for treatment 

have increased.  Surgical procedures often include gastric bypass surgery 

and gastric banding.  These procedures typically lead to a weight loss of 

30-35 kg (50-60%) (86).  

 Gastric bypass is a surgical procedure that removes or resections part 

of the stomach making the pouch significantly smaller and attaching the 

resection portion of the stomach to the small intestine (86). Surgical 

intervention cause changes to the intestinal tract that are permanent and 

can lead to significant decreased absorption of lipids and fat soluble 

vitamins such as A, E, K and D. Protein malnutrition can occur, and 

deficiencies in calcium, vitamin B12 and folate without appropriate 

supplementation can be problematic (49). Another risk includes the 

resection size of the remaining stomach, which can be made too small and 

may lead to the inability to digest foods and liquids, which can results in 

recurring vomiting (49). 

  A study by Dixon et al. examined the effects of gastric banding 

versus conventional therapy for type 2 diabetes.  

 



 
 

 

34 

Sixty obese adults, who were newly diagnosed with type 2 diabetes, were 

given conventional diabetes therapy and assigned to either to a group that 

focused on weight loss by lifestyle interventions or a group that received 

laparoscopic adjustable gastric banding. After a two year follow up, the 

group who received a surgical intervention achieved a 20% weight loss 

from baseline compared to a 1.4% weight loss (p<0.001) from baseline, for 

participants who did not receive the gastric banding (30). Dixon et al. 

stated that no serious complications were reported either participation 

group.  

 Sjostrom et al. conducted a ten-year follow up study to The Swedish 

Obese Subjects (SOS) Study to examine the long-term effects of gastric 

surgery on weight loss in obese adults. Participants were split into gastric 

surgery groups that included gastric bypass, vertical banded gastroplasty, 

gastric banding and a control group. Ten years after the initial start of the 

study, participants in the control group reported an increase of weight by 

0.1% compared to the gastric by pass group that sustained a 25±11 % 

weight loss, a 16.5±11 % sustained weight loss for vertical banded 

gastroplasty, and a 13.2±13 % sustained weight loss for the gastric banding 

group. Groups assigned to a surgical intervention demonstrated a 

significant maintained weight loss (p<0.001) from baseline compared to 

the control group (99). Although this procedure allows individuals to 

decrease food intake, and achieve significant weight loss, changes to 

individual lifelong dietary patterns and supplements are required for long-

term success.   
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Medications 

 Currently several medications are approved by the US Food and Drug 

Administration for the pharmacological treatment of obesity.  Orlistat and 

Sibutramine are the two most popular methods of long-term treatment 

options.  Orlistat acts in the intestinal track by blocking pancreatic lipase, 

inhibiting the body’s ability to absorb fat (12). In addition, glucagon-like 

peptide 1 (GLP-1) is released from the intestines and signals the pancreas 

and brain to decrease food intake. The use of Orlistat, because of it ability 

to decrease fat absorption, can lead to a decline in fat-soluble vitamins 

over time (55). For this reason, a multivitamin is recommend while taking 

the medication. Rare occurrences of liver damage have also been reported 

with long-term use of this medication (113).  

 Sibutramine works by blocking the reuptake of serotonin and 

norepinephrine. This treatment method is effective because serotonin 5-

HT2c helps the body regulate fat and energy intake (75). However, 

concerns have been raised by Sibutramine’s ability to increase blood 

pressure levels, even in normotensive individuals, or to dull the lowering 

of blood pressure effect that is typically seen in weight loss (11). The Food 

and Drug Administration (FDA) recently pulled Sibutramine off of the 

market due to an increase risk of cardiovascular events for individuals 

taking the drug (75). 

  Torgerson et al. conducted a four‐year study with 3304 overweight 

participants, 21% with impaired glucose tolerance. 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Participants were randomized into groups who received orlistat doses and 

advice on lifestyle changes, or a control group who only received advice for 

lifestyle changes. Initial weight loss within the first year was the highest for 

the orlistate group being 11% below base line compared to the placebo 

group at 6% below baseline. After four year, participants receiving orlistat 

demonstrated a weight loss of 5.8 kg compared to 3.0 kg for the control 

group (p<0.001). A significant reduction (p=0.03) of diabetes was also noted 

with in the incidence of diabetes 9% for the control group and 6.2% for the 

group who received orlistat (111). 

  A European study demonstrated the effectiveness of orlistat on weight 

loss. A total of 743 obese participants were assigned to a group that received 

orlistat and followed a calorie‐restricted diet with 30% intake from fat or to a 

group that followed a calorie‐restricted diet with 30% intake from fat.  

After 1 year, the group who received orlistat and a calorie‐restricted diet 

achieved significantly greater weight loss (p<0.001) than diet alone.  

Participants with orlistat and diet after 2 years of treatment were able to 

maintain a 10% decrease in baseline body weight compared to the control 

group (p<0.05) (99). 

  One study examined the short‐term effects of Sibutramine on energy 

intake. Thirty-six obese adults were randomized into two groups. Groups 

received either Sibutramine or a placebo for two, 14-day periods. After a 2-

week washout period participants were then placed in alternate groups for 

an additional 14-day period.  
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Food intake was reduced by 16% (p<0.001) at day 14 for participant 

receiving Sibutramine, compared to those receiving the placebo. A 

significant decrease in weight (p<0.01) was also reported for participants 

receiving Sibutramine versus placebo (5). 

Almonds 

Several epidemiological studies have noted a trend of high nut 

consumption in lean populations. The California Seventh-day Adventists 

cohort study included 34,192 California Seventh-day Adventists, 

examining the associations between diet, cancer, ischemic heart disease, 

and all-cause mortality.  Many Seventh-day Adventist consume a 

vegetarian diet that is high in fruits, vegetables and nuts. In this study 

participants were categorized as vegetarian, semi vegetarian or non-

vegetarians. Based on these predetermined categories, mean BMI was 

calculated as 24.3 for men and 23.7 for women who were considered 

vegetarians compared to non-vegetarians with a mean BMI of 26.2 for 

men and 25.9 for women (45).  

In another study Bes-Rastrolo et al. examined nut consumption, 

long-term weight change and obesity risk in women.  This prospective 

study used 51,1888 participants from the Nurses’ Health Study II (ages 20-

46) and evaluated dietary intake of nuts and weight changes that occurred 

over an eight year period. Participants who regularly ate nuts 2x per week 

or greater had a lower risk of weight gain (p<0.001) and a lower risk of 

obesity (p<0.003).  
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These findings supported the assumption that populations who consume 

nuts, frequently are leaner then those who do not (95). 

Overview 

 The use of almonds dates back to 1400 BC and was associated 

mainly with religious and social activities.  The Romans frequently 

showered newlyweds with nuts and almonds as a fertility charm.  In 1700’s 

the almond tree was introduced to the North American continent by what 

is now considered California. Although the crops did poorly until moved 

farther inland, almonds are ranked as the largest export in the U.S. for 

specialty crops (1). 

 Almonds provide a rich array of nutrients.  In comparison to other 

nuts, almonds have more protein, dietary fiber, riboflavin, niacin, alpha-

tocopherol and calcium than other nuts (1)(See Appendix G for nutrient 

composition for almonds). The composition of nutrients in almonds have 

led researchers to study the health benefits of almonds on several topics 

including cardiovascular disease (CAD), type 2 diabetes and weight 

maintenance. 

Health Benefits 

Cardiovascular Disease 

The association between nut consumption and reduced risk factors 

associated with heart disease has been well documented (62, 92, 103).  

It is thought that the vitamin E (alpha-tocopherol) in nuts assists in 

reducing cardiovascular disease by three main mechanisms.  
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These mechanisms are thought to be; the prevention of oxidation of LDL 

cholesterol, the prevention of platelet aggregation, and the inhibition of 

proliferation of smooth muscle cells (45).  

In the Adventist Health Study, high nut consumption (5x per week) 

was associated with a 50% reduction of CAD risk for subjects regardless of 

BMI. In a randomized crossover trial, Jenkins et al. examined the benefits 

almonds on blood lipids and low-density lipoproteins. Fourteen 

participants were given 3 different supplements.  These supplements 

included whole raw unbalanced almonds, muffins and half the portions of 

almonds, or only almonds.  Calorie intakes for the supplements were 

based on the subject’s daily energy requirement. The results of this study 

showed that a high to moderate intake of almonds  (73 grams per day) 

produced a reduction in LDL cholesterol by 9.4%.  As smaller does of 

almonds (37 grams day) also showed a reduction of LDL by 4.4% (62).   

This study demonstrates even small dosages of almonds can provide a 

beneficial physiologic improvement in reducing the risk of cardiovascular 

disease.  

Another study examined the effect of almonds on serum lipids in 

adults who were diagnosed with type 2 diabetics.  In the first study, 20 

free-living healthy subjects received 100 grams of almonds per day for four 

weeks.  Researchers noted a slight but statistically significant increase in 

weight gain, (p=0.006) for participants who had a normal BMI, a 

significant decrease in LDL-C and total cholesterol was demonstrated (74).  
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Lovejoy et al. also found a reduction in HDL-C for healthy participants in 

Study 1 (p<o.05). The second study randomly assigned 30 men and 

women, with type 2 diabetes, into four different groups. Group 1 was 

considered the high-fat, high almond group with 37% total fat and 10% 

from almonds. Group 2 was a low-fat, high-almond group with 25% total 

fat and 10% almonds. Group 3 was a high fat control group where total fat 

accounted for 37% and 10% came from either olive or canola oil. The last 

group, Group 4, was a low fat control group with 25% total fat and 10% 

from either olive or canola oil. Participants were provided between 57-113 

grams of almonds per day depending on estimated energy level. This study 

demonstrated that total cholesterol was significantly lower in diabetic 

participants assigned to a high fat diet with almonds (p<0.0004); 

however, the decrease was attributed to a significant reduction in HDL-C 

(p=0.002). A trending of lowered LDL-C (p=0.06) in study 2 was also 

observed (74).  

Type 2 Diabetes 

The same nutrient rich properties of almonds that have lead 

researchers to examine the possible positive effects of almonds 

consumption on CVD has generated interest on the effect of nut intake on 

type 2 diabetes.  Almonds are high in antioxidants and provide an array of 

other compounds including plant sterols, and phenols that may be 

beneficial (34). Almonds are also a good source of magnesium, with 84 mg 

of magnesium provided in one ounce (1). Magnesium intakes may be 

inversely related to the risk of diabetes (73). 



 
 

 

41 

 A prospective cohort study that examined nut consumption and risk of 

type 2 diabetes in women, found that frequent nut intake (> 5x/week) had 

a 30% reduction in risk compared to individuals who rarely eat nuts (64). 

In a study done by Jenkins et al., the effect of adding almonds to a 

carbohydrate rich meal on postprandial glycemia and insulinemia was 

assessed.  Fifteen healthy adults completed the study in which subjects ate 

two bread control meals and three test meals containing bread and 

almonds.  Results showed that the meals containing almonds were 

associated with lower insulin peaks (224+ 24 mmol/L) and increased in 

protein thiol concentrations (15+ 14mmol/L) compared to the potato meal 

(388+ 30 mmol/L, -10+ 8 mmol/L) or control meal (white bread). An 

increase in protein thiol concentrations suggests less protein damage was 

shown in the participants (61).  

A 24-week intervention, using 65 overweight participants was 

conducted to determine the effect of a low calorie almond diet on insulin 

resistance (119). Out of the participating subjects, 70% of subjects had 

been diagnosed with type 2 diabetes, while 30% of the subjects reported 

insulin resistance. After a two-week washout period, groups were 

randomized into a low calorie diet containing either almonds (84 grams 

per day) or complex carbohydrates (equal calories) for the remainder of 

the 24-week trial. Results from the almond group showed an overall 54% 

reduction of fasting insulin levels and improved beta cell functions.  
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Medication use was either reduced or sustain in 96% of participants in the 

almond group (119).   These observations associate a positive impact on 

insulin sensitivity from almond or nut consumption. 

The Nurses Health Study, a prospective cohort study, examined nut 

consumption in 83,818 women and the risk of developing type-2 diabetes.  

This study found that individuals who had frequent nut intake (as defined 

intake as > 5x per week) had a 30% reduction in risk compared to those 

that rarely consume nuts (64). This reduction of risk was found to be 

independent of age, obesity, physical activity, dietary factors, smoking and 

family history.  

Weight Maintenance 

Several studies have been done to examine the relationship between 

almond consumption and body weight. Fraser et al. conducted a 

randomized crossover study where 81 adults subjects were supplied 320 

daily calories from almonds over a six-month period.  

The results showed a non-significant weight gain of less than a pound 

between the almond feeding and the control group. Considering that the 

subjects consumed approximately 57,500 extra calories over the course of 

the study, the predicted weight gain of 6.4 kg was not noted in the 

participants (46).   

Wien et al. examined almonds vs. complex carbohydrates for weight 

reduction using 65 adults, with BMI ranging from 27 to 55 kg/m2.   
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Subjects were placed on low calorie diets that received either 1012 calories 

per day of almonds or 1015 calories per day from self selected 

carbohydrate.  The outcome of the study determined that the almond 

group had experienced a greater weight reduction for the 24-wk 

intervention.  Wien et al. reported a 62% greater reduction in weight and 

BMI, a 50 % greater reduction in waist circumference and a 56% greater 

reduction in fat mass in the almond group compared to the carbohydrate 

group intervention (119). 

The SUN Study was a prospective cohort study that examined diet 

and the occurrence of disease and obesity.   Subjects were sent self-

administered questionnaires every two years. The questionnaire asked 

questions pertaining to nut consumption including almond intake. 

Subjects who consumed nuts 2x per week or more were 30% less likely to 

gain weight compared to subjects who rarely consumed nuts (7). Since 

almonds are high in monounsaturated fats (MUFA) (89), it is not 

surprising that the almond group showed increased MUFA levels at the 

halfway mark and at twelve-weeks (p<0.01) compared to baseline levels. 

During this study’s 16 year follow-up, weight again across defined 

categories of nut consumption did not differ significantly, however women 

who ate nuts >5x/week had a lower BMI compared to women who 

reported eating nuts never or almost never (7).  
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Another study explored the effect of chronic almond consumption 

on body weight in healthy humans. In this 23-week study, Hollis et al. 

measured the effect of 1440 kJ (about 333 kcals) of almonds per day for a 

period of ten weeks. A control group was provided with no almonds and 

advised to follow normal diet and activity patterns. This study found that 

there was no significant changes in body weight, percent fat, fat mass, fat 

free mass or total body weight in the almond group compared to the 

control (58).  

Recently Zaveri et al. conducted a study examining the effect of a 

conventional snack (cereal bar) and almonds had on hunger, eating 

frequency, dietary intake and body weight.  Forty-five men (25-50 years, 

BMI 25-35) were recruited for this twelve-week intervention study.  

Participants were randomly placed into 3 groups, with participants 

receiving an almond snack, a cereal bar or the control. All groups were 

given the same advice on healthy eating. In this study the subjects were 

allowed to eat treatment food at anytime during the day, and the control 

group was asked to continue habitual diet. Results of this study showed 

the almond group reported a significant statistical increase in eating 

frequency compared to the control group (p<0.05) and the cereal bar 

group (p<0.01)(124). 

 In contrast, Ceohlo et al. conducted a parallel-arm long term 

feeding study that studied the effect of peanut oil loads on body 

composition in forty-eight adults who were considered either lean or 

overweight.  
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Participants who were categorized as overweight gained a significant 

amount of body weight 2.35 kg (p<0.05), compared to baseline weight. 

Since the participants of this study were given peanut oil and the 

differences between peanut oil and whole nuts were not determined, 

Ceohlo et al. concluded that it maybe other properties within nuts that 

have a strong compensatory response than compared to nut oil alone (22). 

Suggested Mechanisms of Weight Loss  

Mechanisms of weight maintenance could be explained by nutrient 

content of almonds, the bioavailability of nutrients and effect of 

mastication, and the influence nuts may have metabolic rates. 

Fiber  

 Foods that contain a high fiber and protein content are thought to 

have a satiating effect (78, 101). About 1 oz of almonds is a good source of 

fiber, containing 3.5 g of fiber, 2.4g from insoluble fiber (1). Meals and 

foods that contain high amounts of fiber are processed slowly in the 

intestine with nutrients absorbed over a longer period of time (78). In 

addition, high fiber foods are usually less energy dense and greater in 

volume, which may help to decrease unplanned energy intake and increase 

sensation of fullness. This sensation of fullness may due to the fact that 

fiber causes distention of the stomach, indicating that volume of food 

consumed may exert a modulatory effect over hunger signals (66), and 

suppress hunger. 
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The type of fiber found in almonds may also positively influence 

satiety. Willis et al. looked at the effects of four different types of fiber and 

a low fiber treatment in 20 healthy adults. Results of this trial showed that 

resistant fiber might increase satiety compared to polydextrose (120). The 

fiber contained in nuts is thought to slow the release of glucose entry into 

the blood and reduce insulin secretion (78). Another theory suggests that 

the fatty acid content of nuts helps to increase insulin sensitivity.  

 A diet high in mono and poly-unsaturated fats in nuts are thought to 

influence the fatty acid composition of phospholipids in the cells 

membrane, a phenomenon highly connected to insulin sensitivity (9). It is 

thought that specific fatty acids compositions can influence ion 

permeability, cell signaling and modulate insulin action (64).   

Protein 

Almonds, as compared to other nuts, contain larger amounts of 

protein, which can increase feelings of fullness after a meal (76, 106).  

Concerns for weight loss strategies that have increased protein intakes 

because of the potential lasting effect high protein exerts on kidney 

function. The amount of protein to have a satiety effect, however, does not 

appear to have a negative effect on kidney function (84, 100). 

  Luecine 

The restricted energy intakes that are typically required in 

treatment of obesity lead to favorable fat loss but are often accompanied 

by a loss of desirable lean muscle mass (4).  
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The branched chained amino acid, luecine, has demonstrated the ability to 

promote muscle protein synthesis even when energy intake is restricted 

(24,28). Almonds are known to be high in luecine, 1.37 g per ounce, (1) 

which may have an impact on body composition even during desirable 

weight loss. 

Studies conducted in mammals have associated luecine with 

decreased energy intakes through the activation of mTOR, in the 

hypothalamus (24). The activation of mTOR stimulates the synthesis of 

leptin in adipose tissue (98). Leptin secretion helps regulate body weight 

by promoting satiety signals (69).  Blood levels have been shown to be 

comparable to individual dietary intakes of luecine, which may allow 

skeletal muscles to receive an amount proportional to intakes (69). 

Bioavailability of Nutrients 

 Bioavailability refers the amount of the nutrient that is readily 

available for absorption in the intestinal track (104). Studies have 

suggested that the fat content found in nuts, and almonds, is not fully 

absorbed during digestion and an estimated 10-20% is lost in the stool 

(16). Several factors influence the availability of nutrients released from 

plant matter, including the structure of the cell wall (37). The fat 

composition of almonds has been measured and is shown to make up 50% 

of the total weight of almonds, which is not surprising as fat is considered 

the main storage component found within the cell walls (37). Studies have 

shown that the cells walls of almonds are left mostly intact after 

mastication’s (16). 
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Mandalari et al. examined the release of protein, lipids and vitamin 

E from almonds during digestion.  In this study four different forms of 

almonds were tested: natural almonds, blanched almonds, finely ground 

almonds and defatted finely ground almonds. These test foods were 

digested under simulated in vitro gastric and duodenal conditions. Total 

fat loss during digestion for all four of the test foods resulted in a 54.9% 

loss compared to the original amount present. The finely ground almonds 

showed to have the highest rate of fat breakdown (39%) with defatted 

almonds at 34% breakdown. This study suggests that consumption of 

almonds in their whole form, compared to other forms, provides less 

dietary fat then previously thought due to lower bioavailability (76).  

Mastication and Satiety 

   Mastication is the breakdown of food into smaller particles that 

allow foods to be swallowed. This break down also assists in increasing the 

surface area that is accessible to enzymes (47). The release of nutrients 

and other substances contribute to gut signaling, transit times and the 

absorption process. Studies using gastric infusions compared to oral 

feedings have shown that mastication optimizes perceptions of satiety 

(68). This may be due to the fact that mastication induces sensory 

stimulation that can cause the release of hormones, such as leptin, that 

influences appetite (102).  
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Cassady et al. conducted a study that examined the effects of 

almond mastication on lipid bio-accessibility, appetite and hormone 

response. In this randomized, 3- arm crossover study, 13 adults with 

healthy BMI’s were given a standardized amount of almonds to chew 

either 10, 25 or 40 times. Two hours after almond consumption, fullness 

levels where shown to be significantly lower than at baseline. The 

mastication intervention, where participant chewed the almonds 40 times, 

was associated with a longer duration of fullness compared to other 

frequency amounts of mastication (p =0.041). These results indicate that 

mastication could significantly influence absorption and appetite 

responses, but that the two factors did not seem related (16). However, in a 

study looking at the effect of almond mastication on BMI in obese and lean 

participants, Frecka et al. found no significant difference (p<0.05) in BMI 

between groups (47). 

Metabolism 

Almonds are considered to have a high protein and unsaturated fat 

content compared to other nuts. The high protein and unsaturated fat 

content found in almonds may cause an increase in resting energy 

expenditure, which could result in a reduction in the accumulation of fat 

(108, 115). Several studies have demonstrated that a high polyunsaturated 

to saturated fatty acid ratio could increase resting energy expenditure (65, 

115).  
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Jones et al. examined the effect of dietary fat, polyunstaruated to 

saturated ratio on energy utilization in obesity. In total, fifteen obese and 

lean participants underwent two 14-day intervention dietary periods with 

a week washout period in between. Dietary intake of fat was targeted at 

45%, 40% and 15% of total energy intake. Supervision was given to 

participants, during interventions, for self-selected foods items that 

contained either a high, or low ratio of polyunstaturated to saturated fat. 

This study demonstrated that obese participants who consumed a meal 

high in polyunsaturated fat oxidized more fat than when consuming a diet 

high in saturated fat (p<0.01) (65). 

Alper et al. conducted a study looking at the effects of chronic 

peanut consumption on energy balance and energy expenditure. Fifteen 

healthy adults with normal weights were assigned into 3 intervention 

groups with a 4-week wash out period between each group.  

One group consisted of free feeding that consumed 50% of fat intake was 

from peanuts at any given time for 8 weeks. Another group, considered the 

addition group, had 50% of fat intake from peanuts and participants were 

placed on an isocaloric diet for 3 weeks. The last group was considered the 

substitution group, where participants decreased fat intake by 50% and 

this amount was replaced by peanut intake for 8 weeks.  

The results of this study demonstrated an 11% increase in resting energy 

expenditure (REE) (p<0.01) after 19 weeks of peanut consumption 

compared to participant’s baseline REE (2). 
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 The influence of almond consumption on weight maintenance and 

health risk factors has been widely researched. This study examines the 

influence of almond consumption on energy intake and body weight in 

healthy or disease-controlled participants. Using a small step approach, 

the addition of 1 ounce of almonds in the dietary intake of adults may 

result in a sustainable lifestyle change that leads to weight loss and a 

decrease health risks associated with overweight and obesity.   

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 
 

 

52 

Chapter 3 
 

METHODOLOGY 
 
Subjects 

Participants were recruited from advertisements posted in Arizona 

State University Tempe campus publications, online, at local retail stores, 

senior citizen community centers and on the Arizona State University 

Polytechnic campus. Thirty-five participants were recruited from the 

Phoenix, metropolitan area. All participants were screened for age, BMI, 

level of exercise, gender, and disease states via telephone using a 

standardized script (Appendix A). On site screening included measured 

height, weight and a medical questionnaire and assessment of current 

physical activity (Appendix B). Subjects were classified as overweight (25-

29.9) or obese (>30) according to BMI (kg/m2) standard categories. 

Participants were screened for willingness to consume the required test 

foods at the requested time, share information on current medication use, 

complete randomized 24-dietary recalls, and participate in 

anthropometric data collection. 

Subjects were excluded if they did not consume a dinner meal, 

currently consumed nuts greater than 2x per week or used medications 

that may influence weight (Appendix C). Subjects who were not 

considered sedentary (exercise > 2x week) or currently had an 

uncontrolled disease condition (treated < 3 months) were also excluded. 

In addition, subjects were not considered if they were pregnant, less than 

six months post-partum, or anticipated being pregnant.  
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Participants did not have a known aversion to consuming almonds, and 

did not have any known nut and/or milk allergies or intolerances.  All 

subjects provided written informed consent (Appendix D) prior to 

participation in the study. The Arizona State University Institutional 

Review Board, Human Subjects Committee approved this research prior to 

initiation of recruitment. 

Sample Size 

 Power analysis calculations (Appendix E) indicated that 108 

subjects were needed to detect a treatment difference between groups. We 

anticipated a small but significant difference in weight loss for individuals 

consuming 1 oz almonds (170kcal) as compared to the control treatment. 

To detect a 3 kg difference, assuming that the SD for body weight is 5.5kg 

and that the attrition will be 20%, we anticipated enrolling 126 

participants or 63 per group. The alpha level was set at .05 and the beta 

error level is at .2 resulting in a power of 80%. 

Study Design and Test Food 

This study utilized a randomized, parallel arm, placebo-controlled 

research design. Subjects were stratified and randomized into groups by 

age, gender, BMI and body composition and assigned to either consume 1 

oz of blanched almonds 5x per week (ALM) group or to the control (CON) 

group, consuming two, 1 oz cheese sticks 5x per week. Subjects were 

instructed to be hydrated and refrain from moderate or heavy physical 

activity for 24 hours prior to collection of anthropometric measurements.  
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On the day of data collection anthropometric measurements, height, 

weight, body composition and waist circumference, were obtained. After 

anthropometric measurements were taken participants received pre-

weighed packages of blanched, unsalted blanched almonds or Frigo brand 

cheese sticks for the initial period.  Participants who received the almonds 

were instructed to consume a 1 oz almond serving before the evening meal 

5x per week.  Participants in the control group were instructed to consume 

two, 1 oz cheese sticks before the evening meal 5x per week. (See Appendix 

F, Table 3 for nutrition composition of the almonds and control cheese 

stick).  (See Appendix G, Table 4, 5, 6, and 7 for specific nutrient content of 

almonds).  

Subjects were trained to complete 24-hour dietary recalls through 

the National Cancer Institute (NCI) automated web-based application ASA 

24 (ASA 24 Bethesda, MD). Anthropometric measurements were repeated 

at baseline, week 1, 4 and week 8. Additional food was provided to the 

participants at week 4 of the study. The subjects were instructed not 

change dietary habits, physical activity behavior, or consume more than 

two additional nut product servings per week during the eight-week study.  

Anthropometric and Physical Activity Measurements 

 Body weight and body composition were measured using a bio-

impedance electrical scale (Tanita Corporation of America, Inc. Arlington 

Heights, Illinois) with the subjects wearing light clothing and no shoes or 

socks.  Height was measured using a statiometer and BMI was calculated 

from measured weight and height data.   
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Height is reported in centimeters (cm), weight in kilograms (kg) and BMI 

is reported as kg/m2.  Waist circumference was measured by locating the 

middle of the umbilicus using a spring adjusted Gulick II measuring tape 

(Country Tech, Inc. Gays Mills, WI) and is reported in centimeters (cm).  

Physical activity was administered at screening using a modified, validated 

physical activities questionnaire from Godin et al. and was reported in 

METs (50). This short questionnaire measures the weekly average 

frequency of light (minimal effort), moderate (not to point of exhaustion), 

and strenuous exertion of exercise; average frequencies were multiplied by 

3 (light), 5 (moderate), and 9 (strenuous) metabolic equivalents, 

respectively, to estimate weekly MET’s (h/week). 

Dietary Recall 

 All subjects were expected to complete 8, 24-hour dietary recalls, 

using the ASA 24 three- step automated dietary program through the NIC.  

This program guided participant through a 24-hour dietary recall using a 

version of the USDA’s Automated Multiple-Pass Method (AMPM, 

Beltsville, Maryland). Participants were first prompted to record time, 

location and general items consumed. Next further detail was asked about 

each meal and items contained within the meal including serving method, 

size and container. Lastly a review of the recall was provided and subjects 

were prompted to add any additional foods or drinks not recorded.  

Statistical Analysis 

All data was statically analyzed using The Statistical Package for the 

Social Sciences (SPSS 17.0 for Windows, SPSS Inc., Chicago, IL).   
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Data are presented with a mean ± standard deviation (±SEM).  Outcomes 

were checked for normality and transformed if necessary. ANOVA and 

Independent t-test was used to examine repeated measures for energy 

intake, body weight, body composition, and waist circumference. 
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Chapter 4 
 

RESULTS 
 
Descriptive Statistics 

Thirty-five individuals were screened for this study, 28 of these 

participants were enrolled, and 21 subjects completed the 8-week study 

with an attrition rate of 40%. Of the 35 individuals originally screened, 7 

participants were unable to meet during the required trial times to receive 

test foods and were disqualified from the study. Three participants were 

dropped from research, stating reason as inability to eat the specified 

amount of string cheese 5x per week. Two participants were unresponsive 

in attempts to contact them during the study and two were disqualified for 

new medication usage and uncontrolled illness. In total, 13 participants in 

the almond group and 8 participants in the cheese group completed all 

data collection for the study. Data was obtained for 21 participants at week 

4 and 20 participants completed all 8-weeks of the parallel-arm study. 
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TABLE 8 
Basic Descriptives for Completed Participants 
 Almonds 

(n=13) 
Cheese 
(n=8) 

 P 

Gender 
Men/Women 

 
3/10 

 
1/7 

 

Ethnicity 
Caucasian/Hispanic 

 
13/0 

 
7/1 

 

Weight (kg) 96.1±21.5 95.0±3.3 .891 
Age (Years) 43±3.1 48±3.6 .319 
BMI (kg/m2) 33.9±1.9 35.0±1.5 .425 
Waist Circumference (cm) 106.2±4.3 104.7± 1.3 .750 
Body Fat % 39.9±2.5 42.0±2.1 .425 
Height (cm) 166.3±1.9 165.7±2.6 .858 
METS (hours/week) 29.9±7.9 17.9±4.5 .270 
Activity Level 
Not Active 
Active 
Somewhat Active 
Very Active 
 

 
1 
5 
6 
0 

 
4 
2 
2 
0 

 

 P values are derived from the independent t-test  
 
 

Mean participant weight was 96.1± 21.5 kg for subjects who 

participated in the ALM group and 95.0±3.3 for CHE group. Mean age was 

43±3.1 for participants in the ALM group and was 48±3.6 for CHE 

participants. Mean body fat percentage was 39.9±2.5 and 42.0±2.1 in 

participants selected for the ALM group and CHE group respectively. The 

mean waist circumference was 106.2±4.3 cm for ALM participants 

compared to 104.7±1.3 cm for CHE participants. The mean BMI values 

were 33.9±1.9 cm and 35.0±1.5 cm for ALM and CHE participants 

respectively. BMI values are reflective of the standard classifications used 

for obesity.   
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Age, body fat percentage, waist circumference, BMI or body weight 

did not differ significantly between participants selected for the ALM 

group and participants in the CHE group. Descriptive characteristics for 

the completed 21 participants are presented in Table 8.   

Demographics for completed participants showed three men and 

ten women completed the ALM group, while one man and seven women 

completed in the CHE group. Statistical significance was not shown 

between genders for weight, BMI, waist circumference and body fat 

percentage.  The entire ALM group and seven of the CHE group 

considered themselves Caucasian while only one CHE participant reported 

being Hispanic.  When reporting on activity level participants, the ALM 

group reported one for not active, five active, six somewhat active and zero 

very active. The CHE group reported four not active, two active, two 

somewhat active and zero very active. Chi Square was unable to run an 

analysis of this data due to cells having less then five.  A summary of this 

information is displayed in Table 8. 

Participant Energy Intake 

Energy intake was measured at week 1, week 4 and week 8. Mean 

energy intake from screening for participant in ALM group was 1858±215 

kcal and 2107±145 kcal for CHE participants. At week 1, the mean energy 

intakes for both groups were, 1832±156 kcal and 1857±194 kcal for the 

ALM and CHE respectively.  Week 4 mean energy intake for the ALM was 

1716±156 kcal and 1958±194 kcal for the CHE group.  
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Energy intakes measures at week 8 were 1642±156 kcal and 1610±194 kcal 

for the ALM and CHE groups respectively.  Data received for energy 

intakes were normally distributed. Table 9 summarizes mean energy 

intake for completed participants.  Analysis of data in repeated measures 

ANOVA did not demonstrate a statistical significant reduction in energy 

intake after almond consumption compared to the control group between 

week 1 and week 8 (p=0.519). Summary information is displayed in Table 

5. Statistical significance was not demonstrated when kcal intake was 

divided by weight in kg for participants, to control for weight differences 

between groups. 

 
TABLE 9 
Mean Energy Intake For Completed Participants 
 

 Almond (n=13) Cheese (n=8)  P  
Energy Intake week 0 (kcal) 
 

1857±215 2107±145 .502 

Energy Intake week 1 (kcal) 
 

1832±156 1857±194 .833 

Energy Intake week 4 (kcal) 
 

1716±156 1958±194 .324 

Energy Intake week 8 (kcal) 
 

1642±156 1610±194 .600 

*Data are mean± SEM   
*P values are derived from the independent t-test 
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TABLE 10  
Changes in Weight, Energy Intake, Body Fat %, BMI and Waist 
Circumference for Week 4 and Week 8 in Completed Participants 
 

 Pre 
Week 1 

 Post 
Week 4 

Δ 
Wk 4-1 

Post  
Week 8 

Δ 
Wk 8-1 

Weight (kg) 
Almond 
Cheese 

 
96.1±6.0 
95.0±3.3 

 
96.9±6.1 
94.4±3.7  

 
0.5±0.2 
0.7±0.5 

 
96.6±6.1 
95.4±3.4 

 
0.2± 0.3 
0.5±0.5 

Kcal 
Almond 
Cheese 

 
1832±154 
1857±215 

 
1716±118 
1958±194 

 
-114.8±121.1 
-70.3±308.6 

 
1642± 156 
1610± 194 

 
-182.7±172.4 
-98.3±291.8 

Body Fat %  
Almond 
Cheese 

 
39.4±3.3 
42.0±2.6 

 
40.9±2.7 
41.9±2.9 

 
1.1±1.3 
0.4±0.5 

 
40.3±2.7 
41.8±2.5 

 
0.4±0.4 
- 0.2±0.07 

BMI (kg/m2) 
Almond 
Cheese 

 
35.1±2.4 
34.7±1.4 

 
35.0±2.0 
34.2±1.5 

 
0.2±0.1 
0.3±0.2 

 
34.9±2.1 
34.9±1.5 

 
0.1±0.1 
0.2±0.2 

Waist (cm) 
Almond 
Cheese 

 
108.1±4.3 
1.05.1±1.8 

 
108.2±4.3 
105.8±2.4 

 
0.0±1.7 
0.7±1.3 

 
107.6±4.1 
105.8±1.6 

 
-0.5±1.2 
0.6±0.8 

*Data are mean± SEM n=21  
*There are no significant differences between groups 
 

Changes in Weight 

 Body weight was measured at baseline, week 0, week 4, and week 8.  

Twenty-one participants completed all measurements for weight, 

including 13 participants from the ALM group and 8 participants from the 

CHE group.  Data for week 1 was normally distributed; however data for 

week 8 required being transformed using log10 to achieve normality. 

Weight change for week 1 to week 4 was a gain of 0.5±0.2 kg for the ALM 

group and a gain of 0.7±0.5 kg. Weight change for participants of the ALM 

group between week 1 and week 8 was a gain of 0.2±0.3 kg and a gain of 

0.5±0.5 kg for the participants in the CHE group.  
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Analysis of weight change between weeks 1, week 8 and week using 

independent t-test did not demonstrate a significant change of weight for 

participant or differences between genders in the ALM or CHE group 

(p=0.562). See Table 10 and Figure 1. for details. 

 

FIGURE 1. Mean Weight Change for Completed Participants for Week 8 

 

Changes in Kcal Intake 

Energy intake was recorded at week 1, week 4 and week 8 of the 

study.  For week 1 to week 4, a change in energy intake for the ALM group 

was a decrease of -114.8±121.1 kcal and a decrease of -70.3±308.6 kcal for 

the CHE group.  

 

p=.562 
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Week 1 to week 8 change of energy intake showed that the ALM group had 

decreased by -182.7±172.4 kcal and the CHE group had decreased by -

98.3±291.8 kcal. An analysis of the changes in energy intake between week 

1 and week 4, and weeks 1 to week 8 was completed using an independent t 

test, however, no statistical significance was reached for either time frame. 

A summary of this information can be found in Table 10 and Figure 2. 

 

 

FIGURE 2. Mean Kcal Intake Change Week 8 

 

 

 

 

p=.965 
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Changes in Body Fat Percentage 

Body fat percentage was recorded for all participants at baseline, week 1, 

week 4 and week 8. The mean change in body fat percentage, for week 1 to 

week 4 was an increase of 1.1±1.3 or the ALM group and an increase of 

0.4±0.5 for the CHE group. For week 1 to week 8 the mean change in body 

fat percentage was an increase of 0.4±0.4 for participants in the ALM 

group and a decrease of -0.2±0.1 in the CHE group. There was no 

statistical significance shown for changes in body fat percentage between 

week 1 to week 4 or week 1 to week 8.  Results are shown in Table 10, 

Figure 3. 

 

 
 
FIGURE 3. Mean Body Fat Percentage Change Week 8 
 

p=.464 
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Changes in Body Mass Index 

 The change in BMI for completed participants was calculated 

between week 1, week 4 and week 8. The mean changes in BMI for the 

ALM group for week 1 to week 4 was an increase of 0.2±0.1 and an 

increase of 0.3±0.2 for the CHE group. The mean change of BMI for week 

1 to week 8 was an increase of 0.1±0.1 for the ALM group and 0.2±0.2 for 

the participants in the CHE group. No statistical significances were found 

in changes of BMI with an independent t test analysis. See Table 10, Figure 

4 for details. 

  

 
 
 
FIGURE 4. Mean Body Mass Index Change Week 8 
 

p=.582 
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Changes in Waist Circumference 

 Waist circumference was recorded from participants screening, 

week 1, week 4 and week 8. Mean weight circumference change for week 1 

to week 4 was an increase of 0.0±1.7 cm for ALM participants and 0.7±1.3 

cm for CHE participants. For baseline to week 8 the mean weight 

circumference change was a decrease of -0.5±1.2 cm for the ALM group 

and an increase of 0.6±0.8 cm for the CHE group. Analysis was done using 

an independent t- test. No statistical significant was found for either time 

frame. A summary of this information can be found in Table 10, Figure 5. 

 

 
FIGURE 5. Mean Waist Circumference Change Week 8  
 
 
 
 

p=.490 
 



 
 

 

67 

CHAPTER 5 

DISCUSSION 

 Excess body weight increases risk for several chronic diseases 

including cardiovascular disease and diabetes. Treatment for obesity often 

includes surgical, pharmaceutical options, as well as lifestyle modifications 

to diet and physical activity. However, maintenance of weight loss 

resulting from gastric surgery or medications still requires a change in 

dietary intake and or physical activity. Studies have debated the best 

course for dietary intake to achieve long-term weight loss. This study 

examined the ingestion of 1 oz of almonds 5x per week for 8 weeks to 

determine the effect of almond consumption on energy intake and weight 

loss. 

 The effects of nut consumption on energy intake and body weight 

have been examined in a number of studies; however, a majority of these 

studies were conducted with nuts other than almonds or with multiple 

daily servings of almonds. Fraser et al. demonstrated no significant change 

in body weight after ingestion 2 oz of almond (46). Hollis et al. reported no 

changes in body weight when a similar amount of almonds were consumed 

(58). Lovejoy et al. showed a slight but significant weight gain for normal 

weight subjects after including 100g of almonds to daily intake (74). 

Several cross sectional studies have also examined the effect of overall nut 

consumption on body weight.  Bes-Rastrollo et al. conducted a study that 

reported nut consumption greater than 2x week resulted in a reduced risk 

of obesity over an 8 year follow up (8). 
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The almond trial reported here included overweight or obese 

participants who were considered healthy or with controlled (>3 months) 

disease states.  At baseline there was no significant difference between age, 

weight, waist circumference, BMI or body fat percentage, MET's/week for 

participants in the ALM or CHE groups.  Criteria for overweight and obese 

participants were based on standard BMI classifications. 

There was no significant change in energy intake at week 4 or at 

week 8 of the study for participants consuming either 1 oz of almonds or 

two, 2 oz cheese sticks prior to the evening meal. However, the 

participants in the ALM group did consume 156.6 ± 114.3 kcals less at 

week 8 compared to baseline. Although this did not reach statistical 

significance, this deficit could theoretically lead to a meaningful weight 

loss over time. Small amounts of weight loss up to 5% have been shown 

beneficial to decrease health risks (87). 

A change in energy intake may not have been shown in ALM 

participants because the dose of almond given may not have been high 

enough to produce a significant compensatory effect. The compensatory 

effect of nuts on energy intake has been examined. Foods high in fiber and 

protein are thought to produce a satiating effect (78, 120). Almonds 

contain 3.5 grams of fiber and are considerably higher in protein 

compared to other nuts (1). 

Body weight for overweight and obese participants was not altered 

by the intake of almonds. Other studies have demonstrated a significant 

reduction in weight after almond consumption.  
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In a study conducted by Wien et al., significant weight loss was 

demonstrated in overweight and obese adults after an intervention of 84g 

of raw, unsalted almonds with safflower oil and self-selected 

carbohydrates (119). In the present study, the intervention was 1 oz, 

approximately 28 g, of almonds, which is roughly one-third the amount 

consumed in Wien et al. study. In another study, Bes-Rastrollo et al. 

conducted a 5-year follow up, that examined the effect nut consumption 

on body weight. Rastrollo et al. concluded that frequent nut consumption 

of greater than 2x week was associated with reduced risk of weight gain up 

to 5 kg (7). In each study, Wien et al. used a large portion of almonds and 

Bes-Rastrollo examined all nut consumption. 

The results from this study suggest that 1 oz almond consumed 

prior to the evening meal over an 8-week period did not significantly effect 

energy intake or body weight, however this study was underpowered 

therefore the true effect of almonds on energy intake and body weight 

remains inconclusive. If sample size were increased, it would further 

increase power that may demonstrate a greater effect of almonds on 

energy intake and body weight. Another factor to considerer is the load of 

almond given in this trial. Participants were also advised to consume the 1 

ounce almonds before the dinner meal 5x per week. It may be that a 

serving of 1 ounce almonds would need to be consumed 7 days per week to 

differ results.  
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The attrition of participants was higher than anticipated, at 40%, 

which could have impacted the results of the study’s intervention. Several 

factors for the high attrition rate have already been accounted for.  

However, participant in the control group had the burden of consuming 

the cheese products that required refrigeration and may not have been 

palatable in taste. It may also be that the unsalted, blanched almonds used 

in this study were not what participants were accustomed to eating, as 

most commercial nuts have added salt and flavors added. These factors 

could have attributed to a lack of compliance for consuming the assigned 

foods. 
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Chapter 6 

CONCLUSION 

Drastic lifestyle changes, pharmaceutical, and surgical options are 

available for treatment of obesity. However, maintainable lifestyle changes 

that improve dietary intake and physical activity provide the most effective 

long-term outcome. Previous studies have demonstrated that almond 

consumption can decrease energy intake and help to maintain or promote 

weight loss. The results of this study suggest that 8 weeks of almond 

consumption (1 oz/day, 5x per week) does not lead to significant changes 

in energy intake. Therefore the null hypothesis is accepted. A significant 

change in body weight was not indicated when 1 ounce of almonds was 

compared to cheese intake in this study, the lack of effect also suggest that 

the second null hypotheses should be rejected. The addition of almonds to 

a daily diet has demonstrated several health benefits in other studies with 

participants who were overweight, obese or considered lean. It is 

suggested that properties within almonds, such as fiber and protein, have 

a satiating effect and benefit individuals during weight loss. Research that 

is adequately powered is required to understand the potential benefits of 

almonds and nut consumption on energy intake and body weight. 
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Date: _______________________  Time: ____________________   
Interviewer:____________________       
Thank you for your interest in our study. Before I can enroll you in this study, 
I will need to ask you a few simple questions that will allow me to determine 
if you qualify to participate. 
 
Participant 

Name:____________________________________________________________________________ 

Contact 

information:_________________________________________________________________________ 

Gender:  M  F 

Weight________________        Age___________________ 
 
Height_________________         Calculated BMI___________________ 
 
How often do you usually exercise? Days__________________ Minutes 
_______________ 
 
What would you considered the intensity of your exercise to be: 
 
Mild    Moderate    Intense 
 
  
Are you currently Pregnant/Lactating/Anticipating being pregnant?  Y 
  N 
 
Have you recently been pregnant in the last 6 months?  Y  N 
 
Are you currently taking any medications?  Y  N 
If so, what medications do you currently take? 
Medication            Time on Medication 

__________________________________________________  ____________________________ 

__________________________________________________  ____________________________ 

Are you currently being treated for any medical condition?  Y    N 

 
Are you currently being treated for a chronic disease?  Y   N 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Do you have any known allergies or intolerances to any nuts/dairy products? 
Y   N 
 
This study is expected to last 8 weeks in length, is there any reason that may 
prevent you from completing this study? 
 
_________________________________________________________________________________________

_________________________________________________________________________________________ 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APPENDIX B 

HEALTH HISTORY/QUESTIONAIRE 
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ID#___________________ 

1. Gender:  M    F 
 

2. Age:  __________ 
 
3. Have you lost or gained more than 5 lbs in the last 12 months?         Yes         

No 
     If yes, how much lost or gained? _________     
     How long ago? ___________ 
 
4. Ethnicity: (please circle) Native American     African-American     

Caucasian     Hispanic     Asian     Other 
 
5. Do you smoke?  No, never ________   

                   Yes _______     # Cigarettes per day = ________                               
                               I used to, but I quit _______ months/years (circle) ago 
 
7.  Do you take any medications regularly?     Yes No         
   If yes, list type and date you started: 
     
Medication         Date 
___________________________________________________

___________________________________________________

___________________________________________________

___________________________________________________ 

 
8. Do you currently take supplements (vitamins, minerals, herbs, etc.) ?     
Yes     No      
     
If yes, list type and frequency:                               
     
Supplement    Dosage    
 Frequency 
___________________________________________________

___________________________________________________ 

 
9.  Have you ever been hospitalized? ______  
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If yes, please explain? 

___________________________________________________ 

10.   Please ANSWER (YES/NO) if you currently have or if you have 

ever been diagnosed with any of the following diseases or symptoms: 

 
 YES NO  YES NO 

Coronary Heart 
Disease 

  Chest Pain   

High Blood 
Pressure 

  Shortness of 
Breath 

  

Heart Murmur   Heart Palpitations   
Rheumatic Fever   Any Heart 

Problems 
  

Irregular Heart Beat   Coughing of Blood   
Varicose Veins   Feeling Faint or 

Dizzy 
  

Stroke   Lung Disease   
Diabetes   Liver Disease   

Low Blood Sugar   Kidney Disease   
Bronchial Asthma   Thyroid Disease   

Hay Fever   Anemia   
Leg or Ankle 

Swelling 
  Hormone 

Imbalances 
  

Eating Disorders   Emotional 
Problems 

  

 
Please elaborate on any condition listed 

above.______________________________________________ 

___________________________________________________ 

 
11.  How would you rate your lifestyle? 
Not active ___________       Active ___________ 
Somewhat active __________      Very Active ___________ 
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12. Please circle the total time you spend in each category for an average 
week. 
  
 
Light activities such as: 
Slow walking, golf, slow cycling, doubles tennis, easy swimming, 
gardening 
Hours per week:     0  1  2  3  4  5  6  7  8  9  10+ 

  
Moderate activities such as: 
Mod. Walking, mod. cycling, singles tennis, mod. swimming, mod. weight 
lifting 
Hours per week:     0  1  2  3  4  5  6  7  8  9  10+ 

  
Vigorous activities such as: 
Fast walking/jogging, fast cycling, court sports, fast swimming, 
heavy/intense 
weight lifting 
Hours per week:     0  1  2  3  4  5  6  7  8  9  10+ 

 
13.  How much alcohol do you drink? (average drinks per day)  
___________ 
 
14.  Do you have any food allergies/intolerances?          Yes    No       If yes, 
explain:________________________________________ 
 
15. Do you follow a special diet? (weight gain/loss, vegetarian, low-fat, 
etc.) Yes    No        
              
 If yes, explain:  

___________________________________________________

___________________________________________________ 

 
16. How often do you usually consume nuts or nut products including 
peanuts? 
 
___________________________________________________ 
 
 
 
 
 
 



 
 

 

91 

APPENDIX C 

EXCLUEDED MEDICATIONS 
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TABLE 2 
Exclusion List of Medications that Influence Weight 
 
Used in the 
Treatment of: 

Generic Name Brand Names 

Psychiatric Disorders  Olanzapine 
 Clozapine 
 Lithium 
 Ziprasidone 

Zyprexa 
Clozaril 
Eskalith, 
Lithobid 
Geodon 

Depression  Amitriptyline 
 Paroxetine 
 Phenelzine 
 Tranylcypromine 
 Nefazadone 
 Bupropion 

Elavil 
Paxil 
Nardil 
Parnate 
Serzone  
Wellbutrin SR 

Epilepsy  Valproate 
 Gabapentin 
 Carbamazepine 
 Topiramate 

Depakene 
Neurontin 
Tegretol 
Topamax 

Inflammatory Disorders  Corticosteroids Deltasone 
Prednisone 

Diabetes  Insulin 
 Sulfonylureas 
 Thiazolidinediones 
 Biguanide metformin 

Glucotrol, 
Diabeta 
Avandia, Actos 
Glucophage 

Hypertension  Propranolol Inderal 
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APPENDIX D 

CONSENT FORM 
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Almond and Dairy Consumption on Body Composition 
 
 
INTRODUCTON 
The purposes of this form are (1) to provide you with information that may affect 
your decision as to whether or not to participate in this research study, and (2) to 
record your consent if you choose to be involved in this study. 
 
RESEARCHERS 
Dr. Carol Johnston a Nutrition professor, and Lindsey Wood, a nutrition masters 
student, have requested your participation in a research study. 
 
STUDY PURPOSE 
The purpose of the research is to examine the health benefits of moderate almond 
consumption or dairy products on body composition in overweight and obese 
individuals.   
 
DESCRIPTION OF RESEARCH STUDY 
You have indicated that you are willing to participate in five randomized 24-hr 
dietary recalls, adhere to diet and activity restrictions, and consume almonds or 
cheese sticks as required in this study. Initially you will come to the test site in a 
rested state, with no moderate/intense activities for 24 hours prior to data 
collection. You will complete a brief medical history questionnaire to demonstrate 
the absence of medical conditions that may impact the study and provide the first 
24-hr dietary recall. Your weight and height will be measured; your waist 
circumference will be measured, as well as your body composition at this time.  
This first meeting will take about 2 hours. At this visit you will be scheduled for 
appointments at week 4 of this study.  In addition, you will be receiving weekly 
follow-up phone calls by researchers. 

 
This study will last about 2 months.  At week four, your anthropometric 
measurements will be taken and you will be provided either the amount of 
almonds or cheese sticks to be consumed over the next four weeks. You will agree 
to eat the specified amount of almonds or cheese sticks at the time indicated each 
day. Randomly you will be asked to provide an automated 24-hr dietary recall.  
During the study you will be instructed to consume almonds (1 oz serving) or 
cheese sticks (2, 2oz servings) five days per week based on a randomization 
scheme over the two trials.  During the 8-week trial, you will consume your 
normal diet and maintain you current physical activity.  If you begin taking 
medications at any time between trials, you are to notify the investigators of the 
study.  The testing will take place at the specified trial sites and will include 128 
participants. 
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RISKS 
The experimental supplements are common food items and ingredients; yet some 
participants may be allergic or intolerant to nut and diary consumption, or to 
other things that are often manufactured with these items.  Individuals will be 
carefully screened to exclude individuals with these conditions/situations.   
 
 
 
BENEFITS  
This study will provide information regarding the effect of moderate almond 
consumption and/or dairy products on body composition in overweight or obese 
individuals.  There are no direct benefits to you if you participate in this study. 
 
NEW INFORMATION 
If the researchers find new information during the study that would reasonably 
change your decision about participating, then they will provide this information 
to you. 

 
CONFIDENTIALITY 
All information obtained in this study is strictly confidential unless law requires 
the disclosure.  The results of this research study may be used in reports, 
presentations, and publications, but your name or identity will not be revealed.  
In order to maintain confidentiality of your records, Dr. Johnston will use subject 
codes on all data collected, maintain a master list separate and secure from all 
data collected, and limit access to all confidential information to the study 
investigators.   
 
WITHDRAWAL PRIVILEGE 
You may withdraw from the study at any time for any reason without penalty or 
prejudice toward you.  Your decision will not affect you in any manner. 
 
COSTS AND PAYMENTS 
You will receive two $10.00 gift certificates for full participation in this study. The 
first gift card will be received at week 4 and the second will be given at the time of 
trial completion. 
 
COMPENSATION FOR ILLNESS AND INJURY 
If you agree to participate in the study, then your consent does not waive any of 
your legal rights. However, in the event of harm, injury, or illness arising from 
this study, neither Arizona State University nor the researchers are able to give 
you any money, insurance coverage, free medical care, or any compensation for 
such injury.  Major injury is not likely but if necessary, a call to 911 will be placed.  
 
VOLUNTARY CONSENT 
Any questions you have concerning the research study or your participation in the 
study, before or after your consent, will be answered by Dr. Carol Johnston; 7001 
E. Williams Field Rd., Mesa, AZ 85212; 480-727-1713.  
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If you have questions about your rights as a subject/participant in this research, 
or if you feel you have been placed at risk, you can contact the Chair of the 
Human Subjects Institutional Review Board, through the ASU Research 
Compliance Office, at 480-965 6788.   
 
This form explains the nature, demands, benefits and any risk of the project.  By 
signing this form you agree knowingly to assume any risks involved.  Remember, 
your participation is voluntary.  You may choose not to participate or to withdraw 
your consent and discontinue participation at any time without penalty or loss of 
benefit.  In signing this consent form, you are not waiving any legal claims, rights, 
or remedies.  A copy of this consent form will be given to you.   

 
 
Your signature below indicates that you consent to participate in the above study.   
 
 
__________________________ _________________________ 
Subject's Signature    Printed Name 
 
___________________________ 
Date     
 
___________________________ _________________________       
Contact phone number              Email    
 
 
INVESTIGATOR’S STATEMENT 
"I certify that I have explained to the above individual the nature and purpose, the 
potential benefits, and possible risks associated with participation in this research 
study, have answered any questions that have been raised, and have witnessed the 
above signature. These elements of Informed Consent conform to the Assurance 
given by Arizona State University to the Office for Human Research Protections to 
protect the rights of human subjects. I have provided the subject/participant a 
copy of this signed consent document." 
 
 
Signature of Investigator____________________________________        
Date_____________ 
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APPENDIX E 
 

POWER CALCULATIONS 
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A total of 125 patients were calculated to enter this two-treatment 

parallel-design study.  The power analysis calculations indicated that 108 

subjects are needed to detect a difference between treatment groups. We 

anticipated a small but significant difference in weight loss for individuals 

consuming 1 oz of almonds (170 kcals) as compared to the control 

treatment.  To detect a 3 kg difference, assuming that the SD for body 

weight for body weight is 5.5kg and accounting for a 20% attrition rate, we 

aimed to enroll 126 participants or 63 per group.  The alpha level would 

have been set at .05 and the beta error level is at .2 resulting in a power of 

80%. 
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APPENDIX F 
NUTRIENT COMPARISON OF FOOD 

 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

 

 
 
 
 
 
 



 
 

 

100 

 
TABLE 3  
Macronutrient Content for Almonds and Cheese Sticks 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 Almonds (1 oz)  Cheese Stick (2, 2 oz) 
Calories 170.0   160.0 
Protein 6.0g  12.0g 
Carbohydrates 6.0g  0.0g 
Total Fat 15.0g  12.0g 
Saturated Fat 1.5g  7.0g 
Fiber 3.0g  0.0g 
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APPENDIX G 

ALMOND NUTRIENT COMPOSITION 
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TABLE 4  
Fat Composition Single Serving (1 ounce) of Almonds 
 
Fat  
Cholesterol 0 mg 
Mono 10.0g 
Poly 3.0g 
Saturated 1.5g 
 
TABLE 5  
Carbohydrates Composition Single Serving (1 ounce) of Almonds 
 
Carbohydrate  
Dietary fiber 3.5g 
Soluble fiber .06g 
Insoluble fiber 2.4g 
Sugar 2.0g 
 
TABLE 6  
Vitamins Composition Single Serving (1 ounce) of Almonds 
 
Vitamin  
Vitamin A .0IU 
Vitamin E 10.0 IU 
Vitamin C .0mg 
Niacin .95mg 
Thiamin .06mg 
Biotin 6.0mcg 
Folate 17.0mcg 

Vitamin B6 .03mg 
Vitamin D 0.0IU 
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TABLE 7  
Minerals Composition Single Serving (1 ounce) of Almonds 
 
Mineral   
Sodium .0mg 
Potassium 207mg 
Iron 1.0mg 
Calcium 75mg 
Magnesium 84mg 
Phosphorus 147mg 
Zinc 1.0mg 

Copper .27mg 

 


