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ABSTRACT

Obijective: This research examined the impact of daily ingestions of commercial
high protein nutrition bars (with or without added fiber) on 24-h energy intake and satiety
for one week among free-living young healthy adults.

Design: In a 4-week double-blind, randomized crossover trial, 21 normal and
overweight participants (Mean BMI 23.9 £2.7 kg/m=, free of chronic diseases, were
randomized assigned to HP (high protein: 21 g protein) or HPHF (high protein high fiber:
20g, 14 g fiber) nutrition bars. Participants were included in the trial if they meet the
criteria for non-smoking, and not taking prescribed medication for chronic diseases.
Participants were instructed to consume commercial nutrition bars daily for seven
consecutive days. Body composition was measured with a bioelectrical impedance scale
at weeks 1, 3, and 5. Dietary data was recorded by the MyFitnessPal app on Wednesday,
Friday, and Sunday of each week.

Results: The mean energy intake for the weeks HPHF bars were consumed is
significantly higher compared to baseline (1998 £534 vs. 1806 537 respectively; p =
0.035). The mean fat mass following one week of HPHF bar consumption was
significantly higher than the baseline value (18.8 £6.8 vs. 18.3 £6.7 respectively; p =
0.023) and trended higher (18.8 6.8 vs. 18.3 6.7 respectively; p = 0.057) in
comparison to the value following one week of HP bar consumption. For the high
physical activity level group (n = 10), the mean energy intakes for the baseline week and
the weeks the HP and HPHF bars were consumed were 1883 +597 kcal, 2154 +712 kcal,

and 2099 + 603 kcal respectively (p < 0.04; energy intakes for both bars were



significantly different from baseline). Nutrient intakes differed significantly mirroring the
nutrient profile for each specific bar. There are significant effects after both bars on
satiety, but there were no differences between each bar.

Conclusions: Sales of nutrition bars gained rapid growth and may represent a
unique source for specific nutrients. However, ingestion of commercial high protein
nutrition bars may increase the risk of gaining fat mass and eventual body mass over

time.
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CHAPTER 1
INTRODUCTION

Between 1999 to 2017, the prevalence of obesity increased dramatically from
30.5% to 42.4%, and severe obesity increased from 4.7% to 9.2%. According to recent
data, nearly 74% of adults are overweight or obese in the United States. In addition,
almost 40% of children and adolescents are considered overweight or obese, and the rate
of obesity has increased over the recent decades.? Obesity is a major risk factor for
cancer, diabetes, cardiovascular diseases, and other health problems.® Many weight-loss
programs were developed, but these programs remain unsuccessful due to individuals
following protocols inconsistently. New approaches for slowing the progression of
obesity are urgently needed. Focusing on simple, convenient, and practical strategies to
help individuals control energy intake and appetite may be an effective approach for
reducing the risk of obesity.

Although early studies showed many factors could contribute to obesity, such as
psychological factors, policy, and genetics, the main leading cause for obesity is energy
imbalance.®® Multiple strategies have been developed to treat obesity, including dietary
guidelines, dietary reference intakes, popular diet programs, meal replacements, and
drugs.2%" Some strategies are successful, and some strategies may associate with
adverse effects. For instance, one meta-analysis of popular diet programs found that the
randomized control trials evaluating low carbohydrate diets reported adverse effects such
as headache, and dizziness.}” Some FDA-approved anti-obesity drugs such as Lorcaserin

have adverse effects including dizziness, nausea, headache, and upper respiratory tract



infection.'® In contrast, several studies indicated meal replacements had shown impacts
on weight loss successfully without any adverse effects, 12

Energy bars that share characteristics with meal replacement may be considered a
practical approach for weight management. The global energy bars market was valued at
$645.0 million in 2020 and is estimated to reach $1,010.9 million by 2028, with a
compound annual growth rate of 6.4% from 2021 to 2028.2* Convenience is the main
reason for the increasing demand for energy bars.?* However, few studies have examined
the health impact of energy bar consumption, particularly in regards to overall energy
intake and satiety. The commercial nutrition bar provides energy and essential nutrients
such as protein and fiber. There is substantial evidence that protein and fiber have the
potential to suppress satiety and energy intake.?>2® Although many studies found that
protein and fiber suppress satiety and reduce energy intake in the short term, only a few
studies examined the effects of long-term satiety on body weight in free-living
individuals. Most of these studies utilized protein and fiber supplements in a liquid
form.2%-3! Based on our knowledge, only one study has investigated the long-term impact
of the energy bar on appetite and energy intake in free-living individuals.>> However, the

effect of commercial energy bars that combine high protein and high fiber (HPHF) on

appetite and energy intake remain unclear.

Purpose of Study

This study examined daily consumption for seven consecutive days of HPHF
energy bars compared to high protein energy bars on 24-h energy intake and satiating

effects in the free-living health adults in the Phoenix metropolitan area.
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Research Aims and Hypothesis

Hypothesis 1

Daily HPHF energy bars ingestion will result in greater satiating effects as
compared to the placebo treatment (high protein energy bars) in healthy adults.
Hypothesis 2

Daily HPHF energy bars ingestion will result in a greater reduction in 24-h energy

intake as compared to the placebo treatment (high protein energy bars) in healthy adults.

Limitation and Delimitation

The participants are healthy volunteers from the Phoenix metropolitan area who
responded to an online survey. Respondents who met the inclusion and exclusion criteria
were eligible to participate in this study. Cigarette use, alcohol status, food allergy,
extreme athletes, and dieting status exclude individuals from participation. The limitation
includes self-reported dietary data. Additionally, the inability to use the gold standard for
measuring body composition, energy intake, and satiety are study limitations. Finally,

participants may not follow the study protocol.

Definitions

Satiety: a feeling or condition of being full after eating the food; measured using a VAS:
0 mm (extremely hungry) -100 mm (extremely full)
Nutrition bar: a functional food that contains energy and perceived as a source of

nutrients such as protein and fiber.



24-h energy intake: total energy intake from food in 24 hours; measured by using

MyFitnessPal



CHAPTER 2

REVIEW OF LITERATURE

Overview of Obesity

According to the World Health Organization (WHO), obesity is abnormal
excessive accumulative body fat harmful to health. For adults, WHO defined overweight
as Body Mass Index (BMI) greater than or equal to 25, and obese as BMI greater or equal
to 30. WHO statics estimated that in 2016, more than 1.9 billion adults (18 years old or
older) were overweight, and over 650 million adults were obese.*® The data from the
National Health and Nutrition Examination Survey (NHANES) in 2017-2018 estimated
42.5% of U.S. adults age 20 years and over are obese. The survey indicated a slight
upward trend for obesity rates among men and women aged 20-74 years old from 1960-
1980. This trend had changed markedly from 1980, when obesity prevalence was 12%, to
2017-2018, when the prevalence of obesity reached 42.5%. The major risk factors
associated with overweight and obesity are cancer, diabetes, cardiovascular diseases, and

many other health problems.?

Factors associated with Obesity.

Although many factors are associated with obesity, such as genetic,
environmental, and policies, a positive energy balance is the leading cause of obesity.*
According to Dietary Reference Intake (DRI), energy is essential for maintaining many
body functions. Carbohydrates, protein, fat, and alcohol from food provide energy to the

human body. The energy balance for an individual depends on energy intake and energy



expenditure. The components of energy expenditure include Basal Metabolic Resting
Metabolic Rate (RMR), Thermic Effect of Food (TEF), thermoregulation, and physical
activity.® A positive energy balance will cause weight gain, and a negative energy balance
will cause weight loss.

Moreno et al. conducted a 12-month study to evaluate the effectiveness of the
very low kcalorie ketogenic diet (VLCK) with obese participants (>30 kg/m? BMI). 53
participants were randomized into control group (kcalorie values are 10% below the
metabolic expenditure, 45-55 % carbohydrates,15-25 % proteins, and 25-35 % fat for
macronutrient intake); whereas, the VLCK group had a three-stage process (Stagel: 600-
800 kcal/day VLCK diet, Stage 2: 800-1500 kcal/day low calories diet, Stage 3: 1500-
2250 kcal/day balanced diet). Both groups received physical activity and nutrition
counseling throughout the study. The result indicated that the VLCK group lost 13.6 +
3.9 kg at two months versus 4.8 + 2.7 kg in the control group (p<0.0001). The VLCK
group lost 19.9 +£12.3 kg at 12 months versus 7.0 £5.6 kg in the control
group(p<0.0001). Although the VLCK groups were associated with higher adverse
effects, the study suggested that VLCK is an effective strategy to induce weight loss in

one year.**

Psychological factors may also associate with obesity. Degirmenci et al.
investigated the relationship between depression level and anxiety symptoms in obese
patients.* Both the test group (n=52, >30 kg/m=2BMI) and the control group (n=43, <25
kg/m=BMI) were subjected to the Hamilton depression rating scale (HAM-D17) and
Hamilton anxiety scale (HAM-A). The results indicated that the control group had a score

6



of 2.4623.34 and the test group had a score of 9.44344.76 (p<0.05) on HAM-D17, and on
HAM-A test scores were 4.1324.64 and 15.0548.27 for the control and test groups,
respectively (p<0.05). These results indicated that anxiety and depression levels were
significantly higher in the obese patients than in the control group. The researchers
suggested psychiatric evaluations are necessary for obese patients. In addition,
sociological factors may relate to obesity. One cross-sectional study measured the
association between exposure to television advertisements and adult fast-food
consumption. The study found a significant positive relationship between the participants
who watched commercial TV for >3 h/day and fast-food consumptions at dinner.® Other
socitial factors such as the marketing of sugar-sweetened beverages may contribute to
obesity. According to Vartanian et al., soft drink consumption became a controversial
public health problem related to food policy. A meta-analysis of 88 studies was
conducted to examine the association between soft drink consumption and health
outcome. They found a strong association between soft drink consumption and increased
energy intake, and most of the studies indicated a positive correlation to weight gain. The
study suggested that the increasing energy intake associated with soft drink consumption
was linked to the risk of developing health conditions such as diabetes.® Policy changes
have been proposed to lesson the impact of social media and marketing on energy intake.’
Genetics is another factor that may cause obesity. One genome-wide association
study conducted by Frayling et al. identified a variant rs9939609 in FTO (fat mass and
obesity-associated) gene associated with BMI and obesity among 2,939 control subjects.

The study also indicated that each A allele of rs9939609 was associated with increased



BMI 0.36 kg/m? (range 0.34 to 0.46 kg/m?) among the adult population.2 However, two
studies found no evidence that rs9939609 increases the risk of obesity among the Chinese
Han and Africa American population.®>-% One study suggested that the difference
between genetic architecture and allele frequencies are the possible reasons for the lack of
association.®

Appetite and Obesity

Appetite is essential in the human body to regulate hunger and satiety. According
to Heisler et al., the brain is the main organ for regulating appetite and body weight.®’
Two groups of neurons have opposing functions in the hypothalamus: the appetite-
stimulating neuron triggers hunger, and the appetite-suppressing neuron triggers satiety.
Moreover, hormones play a vital role in the sense of appetite. The variety of hormones
could signal the brain and release feelings of hunger and satiety.*®4° More specific details
about hormones will be discussed in the protein and satiety sections.

One of the most popular tools to measure the satiety level is the visual analogue
scale (VAS). The VAS measures the magnitude of a characteristic or attitude, which is
not easily measured objectively. For instance, the bipolar VAS of hunger-fullness
consists of top and bottom endpoints labeled extremely hungry and full, and the unipolar
hunger scale consists of top, and bottom endpoints labeled extremely hungry and not at
all hungry.*! However, VAS has some limitations, including non-linearity, a limit to a
single measurement dimension, ambiguous language, and the reluctance of subjects to
select extreme responses.*>** One recent study investigated the energy intake of breakfast

eggs compared to cereals in overweight women.** The study used VAS to measure



hunger, satisfaction, fullness, level. The study indicated that eating eggs for breakfast had
significantly lower energy intake at ad libitum lunch than eating cereals (4518 £1593 kJ
vs. 5284 +1814 kJ, p =0.001). The study also indicated that all participants felt less

hungry, more satisfied, and more full after egg breakfast.

Strategies to Treat Obesity

Dietary Guideline and Dietary Reference Intake. The U.S. Departments of
Agriculture (USDA) and Health and Human Services (HHS) collaboratively developed
Dietary Guidelines for Americans (DGA) in 1980 and updated every five years based
upon the evolvement of nutritional science.*® For the macronutrients, the current 2020-
2025 dietary guideline suggests that 10%-35% kcal of energy should come from protein,
45%-65% kcal of energy should come from carbohydrates, 20%-35% kcal of energy
should come from fat.2 Dietary Reference Intake (DRI) was proposed in 1997 to present
comprehensive recommendations for U.S. health individuals and populations by the Food
and Nutrition Board of the Institute of Medicine (IOM). Estimated Energy Requirements
(EER) complement the DRI to determine the average energy intake to maintain energy
balance by defining age, gender, weight, height, and level of physical activity. Acceptable
Macronutrient Distribution Ranges (AMDRs) were developed to estimate the
macronutrient intake for healthy individuals and populations based on the evidence from
the clinical trials of chronic diseases. Both AMDR and EER were adapted in the DGA as
dietary recommendations for people.?®

Ge et al. conducted a systematic review and meta-analysis to examine the

effectiveness of macronutrient patterns and popular diet programs for weight loss and
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cardiovascular factors improvement among overweight and obese participants. The study
included 21942 patients from 121 randomized trials and reported 14 popular diets and
three control diets. Fourteen diets were assigned to three categories: low carbohydrates (<
40% carbohydrates, 30% protein, 30-55% fat), which included Atkins, South Beach,
Zone diets; moderate macronutrients (55-60% carbohydrates, 15% protein, 21-<30% fat)
which included Biggest Loser, DASH, Jenny Craig, Mediterranean, Portfolio Slimming
World, Volumetrics, Weight Watchers diets; and low fat (60% carbohydrates, 10-15%
protein, <20% fat) which included Ornish, the Rosemary Conley diets and the paleolithic
diet, all considered moderate macronutrients and low carbohydrates diet. The control
group maintained their usual diet and received diet advice (education brochures, dietary

guidelines, or consultation with dietitians) promoting a low-fat diet (< 30% fat with or

without advice about lowering calories). The results indicated low carbohydrate, low-fat,
and moderate macronutrient diets had mean weight reductions of 4.63kg, 4.37kg, and
3.06kg, respectively, at six months (xthree months). 18.2% of 121 randomized control
trials evaluated the low carbohydrate diet had adverse effects (headache). The study
suggested that weight loss was facilitated by all diets, low carbohydrate, low fat, and
moderate macronutrients, but that adverse symptom may occur with low carbohydrate
diets supporting the higher carbohydrate recommendations by the DGA.*®

Meal Replacement. Astbury, Nerys et al. defined meal-replacement as products
that replace the food usually consumed at mealtime to achieve the goal of weight loss and
weight maintenance after weight loss.'® One well-organized randomized controlled trial

indicated the meal replacement was an effective strategy to produce short-term weight
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loss. These researchers randomized 90 obese participants (BMI > 30.0 kg/m? < 50.0kg/m?
included diabetes patients) to either an MD group (the Medifast 5 & 1 Plan meal
replacement) or a FB group (isocaloric food-based plan) with around 1000 kcal calories
for both groups in first 16 weeks for weight loss. Energy intakes were adjusted to support
weight maintenance for the final 24 weeks. A total of 48 participants completed the 16-
week phase of the trial. The 28 participants in the MD group lost an average of 12.3% of
body weight (13.5 5.9 kg) versus 6.7% weight loss (6.5 £6.8 kg) noted for the 20
participants in the FB group (p = 0.002). At week 40, 2 participants dropped from the

MD group and the MD group regained 4.8 £5.8 kg (p<0.0001) versus the FB group 0.8
4.8 kg (p = 0.467). Although there is a significant difference between the regained weight
between groups, the weight in MD group remained reduced from baseline by 7.8% versus
5.9% in the FB group (p = 0.15). However, there is no difference between the satiety

level assessed in week 16 regarding post-meal fullness. The study also suggested
improvements in the health parameters during the weight maintenance phase in the meal
replacement group.!

Lowe et al. conducted a study to evaluate the effectiveness of meal-replacement
and home food environment intervention for long-term weight loss. The study
randomized 262 participants (BMI>27 kg/m? < 45kg/m? ) to three groups in 36 months:
behavior therapy (BT), behavior therapy plus meal replacement (BT+MP), modifying
the home food environment (HFE). The result indicated that all three groups had
significant weight loss in month 12; BT, BT+MP, and HFE group's percentage weight

loss was 9.41% =%7.92%, 10.37% =+7.77%, and 10.97% +7.79%, respectively. Although
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all three groups regained their weight at month 36, compared percentages were 4.21% =+
8.64%, 3.06% +6.93%, and 4.49% =+7.83%. The study indicated that meal replacement
is an effective strategy.'?

A recent meta-analysis of 23 randomized controlled trials consisting of 8253
subjects was conducted to evaluate the effect of one-year weight loss intervention trials
incorporating meal replacements (MR) on weight change in overweight and obese
adults.® The 23 studies classified into five comparisons: MR diet vs diet only, MR diet +
support vs. diet + support, MR diet + support vs diet only, MR diet + enhanced support
vs. diet + support, and MR diet + support vs. minimal intervention (3 studies). All of
these groups lost more significant weight compared to the control groups. Two studies
found there is no relationship between adverse effects and meal replacement products.
This meta-analysis provides evidence that MR is an effective weight loss strategy for
overweight and obese adults in one year.*°

Drugs. Anti-obesity pharmacological research has been conducted for more than
a century, but many of these drugs were associated with severe side effects. Orlistat was
one of the U.S. Food and Drug Administration (FDA) approved anti-obesity drugs.*’
According to Hvizdos et al., the mechanism of the Orlistat is to inhibit the lipase enzyme,
which breaks down triglycerides to fatty acids and glycerol in the pancreas and stomach.
This process can slow down the rate of fat absorption up to 30%. The adverse effects of
Orlistat include steatorrhea, bloating, and oily discharge due to the malabsorption of fat in
the gastrointestinal tract.*® Smith et al. designed a 24-week randomized placebo-

controlled trial to determine the effect of intake of Orlistat (60 mg) on visceral adipose
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tissue (VAT). A total of 131 participants (BMI 25-34.9 kg/m?) were randomized to either
Orlistat 60 mg/day or placebo capsules. All participants were instructed to consume a
hypocaloric, low-fat diet (50% carbohydrate, 30% fat, and 20% protein) and encouraged
to exercise (30—45min walk, five times weekly). Of the 93 participants who completed
the trial, both groups significantly decreased VAT from baseline to week 24 (p < 0.001).
However, the Orlistat group had a more significant mean reduction than the placebo
group (-15.7% vs.-9.4%, p < 0.05). The Orlistat group also had a more significant
adjusted mean weight reduction than the placebo group (—5.93 + 0.63 kg vs. —3.94 + 0.64
kg, P < 0.05). The most commonly observed adverse effect is Gl disorder, and the
incidence for Orlistat and placebo group are 66.7% versus 26.6% of participants. The
results also indicated improvements in other outcomes, including waist circumference,
total fat mass, % body fat of the Orlistat group.>°

Lorcaserin is an anti-obesity drug that activates the serotonin or 5-
hydroxytryptamine (5-HT).%° According to Heisler et al., serotonin is involved in
regulating the appetite suppressing process and promoting satiety. There was an inverse
relationship between the serotonin level and food intake.>! The common adverse effects
of Lorcaserin include dizziness, nausea, headache, and upper respiratory tract infection.®
Fidler et al. designed a 52-weeks randomized, placebo-controlled, double-blind clinical
trial to determine the efficiency, safety dosage of Lorcaserin for obese and at-risk
overweight patients.’ A total of 4008 patients (BMI 30—45 kg/m2 or 27—29.9 kg/m2 with
health risk conditions) were randomized to one of three conditions: 10 mg lorcaserin

twice daily (BID), 10 mg lorcaserin once daily (QD), or placebo. Nutrition and physical
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activity counseling were provided throughout the study. The result indicated that patients
in the BID and QD group lost at least 5% of body weight from baseline (47.2 and 40.2%,
respectively) compared to the placebo group (25%, p < 0.001). Adverse effects occurred
in 82.6% of the BID group, 81.5% of the QD group, and 75.3% of the placebo group. The
common adverse effects in BID and QD groups were headaches, upper respiratory
infection, nausea, dizziness, and fatigue. The result indicated that intake of Lorcaserin for
1 year relates to significant weight loss among obese and overweight patients.

The combination of phentermine and topiramate is one of the prescribed appetite
suppressant drugs.>? According to Rothman et al., the mechanism of phentermine is to
stimulate noradrenaline to reduce food consumption and increase satiety level. The
mechanism of topiramate is undefined. The adverse effects of this combination drug
include insomnia, dizziness, dry mouth, paresthesia, and dysgeusia.>® Allison et al.
designed a 56-weeks randomized, placebo-controlled, double-blind clinical trial to
determine the efficiency and safety of phentermine/topiramate (PHEN/TPM) in obese
participants and metabolic improvements. A total of 1267 obese participants (BMI
>35kg/m?) were randomized assigned to three groups: placebo, PHEN/TPM 3.75/23mg,
and PHEN/TPM 15/92mg. The result indicated that participants who received 15/92,
3.75/23, and placebo lost 10.9%, 5.1%, and 1.6% of body weight from baseline,
respectively (p < 0.0001). The common adverse effects include paresthesia, dry mouth,
constipation, dysgeusia, and insomnia. The result indicated that intake of
phentermine/topiramate for one year relates to significant weight loss among obese

patients.'®
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Other strategies for obesity, including high protein diets, high fiber diets, and

combined protein and fiber diets, will be demonstrated in protein and fiber sections.

Tools to measure and manage obesity

Dietary assessment tools include food frequency questionnaire (FFQ), food record (or
diary), and 24-hour dietary recall are established to monitor food intake and diet patterns.
Although nutrition professionals commonly use these tools to track food intake, these
tools highly rely on the participants’ memory, ability to estimate portion sizes, and
consistency of reporting.'®° However, many studies indicated that new innovative
technologies, including computers and mobile phones, effectively improve the self-
monitoring processes.>* To evaluate the effectiveness of the dietary self-monitoring
process between the smartphone and traditional dietary assessment methods, one study
enrolled 57 participants (BMI 25-40 kg/m?) in an 8-weeks weight-loss trial. Participants
were randomized into three groups: the APPs group (Lose it! Apps, n=19), the memo
group (ME, n=18), and paper group (PA, n=20). The APP group recorded their dietary
data in the Lose it! Apps, which recorded the data and provided nutrition feedback
immediately. The ME and PA groups received nutrition counseling at the beginning of
the trial and weekly emails for nutrition advice. 47 participants finished the trial, but 5
ME and 5 PA participants did not complete the trial. The results indicated that the APP
and ME group had a higher number of complete days than the PA group (43.0 £2.5, 34.8
+3.5 and 30.7 +4.6 days, respectively; p=024), but there is no significant difference
between the APP and ME groups. The study also determined that there was substantial

weight reduction across three groups at the end of the trial (- 3.5+1.0, - 6.5+1.4, and -
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4.441.2 Ib. for AP, ME, and PA groups, respectively; p<0.05). The investigators
suggested that the short-term self-monitoring process through smartphones is more
feasible than traditional dietary assessment methods.?

One study evaluated the effectiveness of tracking dietary modification between
the smartphone Apps and paper journals and enrolled 30 participants (BMI 25.6 +4.3
kg/m?) in a 4-week randomized parallel trial. Participants were randomized into two
groups: the MyFitnessPal App group and the paper journal group, and both groups were
instructed to reduce sodium intake to <2300 mg/day. The paper journal group received a
journal and additional nutrition education materials regarding sodium intake. Participants
were instructed to collect 24-h urine voids to determine the 24-h sodium excretion. The
result indicated that 24-h sodium excretion differed between two groups: - 838 1093
and + 236 +1333 mg (p=0.010) for the Apps and paper journal groups. In addition, the
satisfaction of the App users was significantly higher than that for the paper journal group
for recording diet intake and enjoyment of the method. Although the study was small and
of short duration, the data suggest that commercial Apps could be a valuable tool to
improve communication between clients and health practitioners.?

In addition, one systematic review analyzed the effectiveness of self-regulatory
strategies by smartphone application in overweight and obese adults. The study reviewed
six studies and found that all studies reported participants who used smartphone
applications lost weight. Although it is challenging to conclude that smartphone
applications are more effective than other self-regulatory tools, smartphone applications

still represent a valuable tool for weight management and diet reporting. The study also
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suggested that setting goals are essential for weight management by using smartphone

applications.?®

Protein and Satiety

Protein is the major component of cells. According to DRI, the AMDR for protein
is 10-35% of total energy for adults, and the recommended dietary allowance (RDA) is
0.8g/kg/d for males and females. Protein from animal sources is considered complete
protein, which provides all the essential amino acids. Protein from plant sources is
considered incomplete protein, generally deficient in one or more essential amino acids.®
Investigations for the effect of the protein on satiety and energy balance have been
conducted for many decades. Together these studies indicate that the high protein diet is a
potential tool to lose weight. The possible mechanisms include increasing diet-induced
thermogenesis, regulating the satiety hormone, and maintaining fat-free mass.>>-

Diet-induced Thermogenesis. Diet-induced thermogenesis (DIT), also called the
thermic effect of food, reflects the energy expenditure involved in the metabolism
processes of nutrients. Protein has the highest DIT (20-30%) compared to carbohydrate
(5-10%) and fat (0-5%).% Westerterp et al. indicated there is a positive relationship
between DIT and satiety level. The possible mechanism is that increased oxygen demand
to conduct metabolism processes for protein.?®

Lejeune et al. conducted a randomized crossover trial to investigate the 24-h
satiety, hormone, and energy metabolism in a respiration chamber for a high protein diet.
Twelve healthy women (BMI 20—25 kg/m?) were randomized to adequate-protein group

(AP: 10% protein, 60% carbohydrate, and 30% fat of energy) and high-protein group
17



(HP: 30% protein, 40% carbohydrate, and 30% fat of energy). The result indicated that
the HP group had higher DIT (0.91 +£0.25 MJ/d) than the AP group (0.69 = 0.24 MJ/d,
p<0.05). HP groups had a higher sleeping metabolic rate (6.40 + 0.47 MJ/d) than AP
group (6.12 + 0.40, p<0.05). Compared with AP group, the hunger score group was
significantly lower, and the satiety score was significantly higher during HP diet before
and after dinner. The study suggested that a high protein diet had a higher 24-h satiety
level, DIT level, and sleeping metabolic rate than an adequate protein diet without
difference in energy intake.?

Oliveira et al. conducted two randomized crossover trials to evaluate the high
protein intakes on energy metabolism for healthy adults of both sexes. Forty-three healthy
adults (BMI 18.5-24.9 kg/m2) were randomized to two prescribed diets: control diet
(CON: 55% carbohydrate, 15% protein, and 30% fat) and high protein replacement diet
(HP-TDR: 35% carbohydrate, 40% protein, and 25% fat). The participants received
prescribed diets for 32 h while inside the whole-body calorimetry to evaluate the energy
metabolism. The result indicated that the HP-TDR group had a higher total energy
expenditure than the CON group (2143 %268 versus 2061 £243 kcal/d, p <0.001). The
HP-TDR group had an energy imbalance (-112 +85 kcal/d; p <0.001) compared to the
CON group. There was an inverse relationship between protein and fat balance in the HP-
TDR group (r =-0.57, P <0.001). The study suggested that HP-TDR leads to higher total
energy expenditure among both sexes, promoting fat loss than conventional diets.>’

One meta-analysis of five randomized controlled trials consisting of 111

participants was conducted to assess the association between DIT and appetite among
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adults. The study found no association between satiety and DIT at 15% of energy intake
from protein; the possible reason is that the protein intake is too low to trigger the satiety
effect. However, the study suggested possible associations may present with a higher
level of protein intake.>®

Satiety Hormones. Other possible mechanisms to relate high protein diets to
satiety are the satiety hormones. The satiety hormones play a vital role in regulating the
control of food intake via several mechanisms.>® Glucagon-like peptide 1 (GLP-1),
cholecystokinin (CCK), and peptide YY (PYY) increase in response to high protein
intake.®® GLP-1 inhibits gut motility and secretion, which could suppress the appetite and
food intake. CCK is a peptide hormone that modifies intestinal motility and inhibits
gastric empty which could reduce food intake and increase satiety. PY'Y is an appetite
hormone that down-regulates the appetite through the hypothalamus.5! One randomized
crossover trial investigated the effect of a high protein diet on appetite hormone and
appetite rating. Twenty-five male participants were randomized into three groups: normal
protein (NP: 14% of energy from protein ), medium-high protein (MHP: 25% of energy
from protein), and high protein (HP: 50% of energy from protein). The researchers found
that compared to NP group, MHP and HP group had 10% and 20% higher 4-hour GLP-1
levels, respectively. MHP and HP groups had 7% and 14% higher responses for PYY. HP
group had a higher CCK level at 180 min and 240 min after the meal. The study
suggested that protein diets increase satiety and appetite hormone levels and are essential

for bodyweight regulation.®
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Maintaining Fat-free Mass. Bodyweight reduction includes fat mass (FM)
reduction and fat-free mass (FFM) reduction; the latter has been shown to reduce energy
expenditure and decrease energy requirement. In addition, maintaining the FFM is
essential to basal energy expenditure, limiting energy expenditure reduction.®? Mettler et
al. conducted a randomized parallel control trial to examine the effect of dietary protein
on lean body mass during short-term weight loss in athletes. Twenty athletes had
examined energy expenditure for one week with a mixed diet (15% protein, 100%
energy) and randomized to two hypoenergetic diets (60% of the habitual energy intake),
which included 15% protein (CP: control group) or 35% protein (HP: high protein group)
for two weeks. The result indicated that the total weight loss was -3.0 0.4 versus -1.5
#0.3 kg (p = 0.036), and lean body mass loss was -1.6 0.3 versus -0.3 #0.3 kg (p =
0.006) for CP and HP. The study suggested that a high protein diet better maintains lean
body mass during short-term weight loss.®

Griffin et al. conducted a 12-month randomized control trial to compare the effect
of two energy-restricted diets on body composition. A total of 71 participants (BMI >27.5
kg/m?) were randomized into high protein (HP: 32% protein, 41% carbohydrates, 25%
fat) and high carbohydrate (HC: 20 protein, 58% carbohydrates, 21% fat) diets. The result
indicated that HP completers had more significant weight loss than HC completers at 6
months but not 12 months (p = 0.034). Absolute fat loss was significantly higher in HP at
6 months (p = 0.022). Both groups had a <1kg reduction of lean body mass. The study
suggested that a high protein diet had a more significant effect on reducing fat mass and

maintaining lean body mass compared to conventional diets.®*
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Furthermore, Wycherley et al. conducted a systematic review and meta-analysis
to compare high protein low-fat diets (HP) with standard protein and low-fat diets (SP)
on weight loss, body composition and resting energy, satiety, and appetite. The result
indicated that HP diets reduced body weight, fat mass, and mitigation reduction in resting
energy expenditure compared to SP diets. Greater satiety in HP diets was reported in 3 of
5 studies.®®
Protein Quality

In addition to satiety hormones, Pal et al. conducted a 12- weeks randomized
parallel control trial to evaluate the effect of whey and casein protein on appetite. Seventy
overweight and obese adults (BMI 25-40 kg/m?) were randomized to glucose control,
casein protein, and whey protein groups. The participants were asked to limit alcohol
consumptions and keep their regular diet throughout the study. The results indicated that
the percentage of carbohydrate was significantly lower (p<0.0001), and protein intake
was significantly higher (p<0.0001) in the casein and whey protein groups than the
control group at week six. The VAS of satiety measured before lunch indicated
significantly higher satiety in the whey group than the casein (p=0.017) and control group
(p=0.024) in week six. In addition, the increased rating of satiety in the whey group was
observed compared to the casein and control group at week 12. The study suggested that
whey protein supplements appear to have a positive effect on overweight and obese
adults.®

Veldhorst et al. conducted a randomized control trial to compare the effects of

casein, soy, and whey protein on appetite, hormones, amino response, and energy intake.
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Twenty-five healthy adults (BMI 2540.3 kg/m?) were randomized to casein, soy, or whey
groups with either normal protein group (10/55/35 En% protein/carbohydrate/fat) and
high protein group (25/55/20 En% protein/carbohydrate/fat). The researcher found that
hunger suppression increased more after whey breakfast than casein breakfast in the
normal protein group. However, there is no difference in hunger rating between the three
groups. They found significantly higher plasma glucose after breakfast with casein than
soy. In addition, the GLP-1 level in the whey is substantially higher than in the casein and
soy at both normal and high protein groups. The energy intake for lunch in the whey
group was lower than that for the casein and soy groups. The study suggested that
breakfast with whey triggered a stronger satiety response than breakfast with casein and
soy sources.®’
Safety and Efficacy

Jose et al. conducted an 8-weeks randomized crossover trial to evaluate the effect
of a high protein diet on clinical markers of health in young males with extensive
resistance training experience. Twelve healthy participants were randomized to an 8-
week habitual diet (2.6 0.8 g/kg/day of dietary protein) or an 8-week high protein diet
which included protein powder (3.3 0.8 g/kg/day of dietary protein). Each participant
followed their regular training programs. The result indicated that the high protein group
consumed significantly higher energy and protein than the normal protein group. There
were no harmful effects associated with high protein consumption.5®

Hernandez-Alonso et al. conducted a PREDIMED study to evaluate the efficacy

and safety of long-term high dietary protein intake among older adults at high
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cardiovascular risk. They found long-term high protein diets were associated with
increased body weight (BW) and total death risk. The food-frequency questionnaire was
used to assess the dietary intake. They found a significant positive relationship between
higher BMI and dietary protein intake (animal sources and animal-to-vegetable protein)
but not vegetable protein intake. In addition, a positive association between intake of
>1.5 g protein/kg BW/d at risk of cardiovascular diseases and all-cause death compared
to 1.0-1.5 g/kg BW/d of protein intake. These findings are only related to long-term
protein intake and only for animal sources. These data suggested that dietary protein

intake from animal resources should not exceed 1.5g/kg/ BW/d.%°

Fiber and Satiety

According to DRI, dietary fiber is defined as a nondigestible carbohydrate or
lignin that is intrinsic and intact in plants; functional fiber is defined as a nondigestible
carbohydrate with beneficial physiological effects in humans. Total fiber incorporates
both dietary fiber and function fiber. The adequate intake (Al) for total fiber is 38 g/d for
males and 25 g/d for females.* Total fiber can be categorized into soluble fiber and
insoluble fiber. The soluble fibers, such as B-glucan commonly found in oats and barley,
appear to benefit serum lipids. The insoluble fibers, such as cellulose found in legumes
and whole grains, appear to benefit laxtations.” Possible mechanisms of high fiber for
inducing weight loss include slowed glycemic response, regulated laxtation, and delayed

gastric emptying.’*"?
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Soluble and Insoluble Fiber.

One randomized control trial assessed the effect of the cooked white rice B-glucan
barley on appetite and energy intake compared to white rice alone. A total of 21 healthy
participants (BMI 23.340.7 kg/m?) were randomized into two groups: white rice group
(WR) and white rice with high B-glucan barley group (BAR). The results indicated that
the energy intake at lunch was significantly lower in BAR compared to WR (3,061 681
kJ versus (3,280 =617 kJ p=0.035). The cumulative energy intake (lunch + dinner) was
significantly lower in BAR compared to WR (4,963+1,209 kJ versus 5,374,079 kJ
p=0.021). Furthermore, the hunger score and fullness score of BAR were significantly
higher agt 240 min compared to WR, and the satiety score of BAR was significantly
higher at 60 and 480 min compared to WR. Although the study had small sample sizes,
these data suggested that 3-glucan may be associated with appetite control and reduced
energy intake.”

Samra et al. conducted a randomized crossover trial to evaluate the effect of
insoluble fiber on appetite, short-term food intake, and blood glucose (BG) in healthy
males. The study consisted of two experiments. Experiment one evaluated the insoluble
fiber on appetite, food intake, and postprandial plasma glucose at an ad libitum pizza
meal consumed 75 min later. A total of 16 healthy participants (BMI 20 —27 kg/m?) were
randomized into four groups: high fiber cereal (HF: 33g insoluble fiber), low-fiber cereal
(LF), white bread (WB), and 500ml water for the control group. Experiment two
evaluated the appetite and BG after consuming a preset pizza meal (850 kcal: 2 deluxe

pizzas, 1 pepperoni pizza, and 1 three-cheese pizza). The result of experiment one
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indicated that the energy of ad libitum lunch of HF and WB was lower than LF and water
(937 +£86, 970 £65, 1109 +90, 1224 £89 kcal, respectively; p <0.001) The appetite of
HF was lower than WB but not differ from LF. The post-BG increased after WB and LF,
but not in HF. The result of experiment two indicated that the HF had the lowest BG (3.6
+14.2 mmol. min) compared to LF (42 =12.5 mmol. min) and WB (26.9 =12.4 mmol.
min). The fullness was significantly higher in HF (2536.0 £412.3 mm.min) compared to
WB (1736.0 £486.5 mm.min) and LF (1582.0 £364.7 mm. min; p<0.05). The study
suggested that insoluble fiber may suppress appetite, lower food intake, and improve

post-glucose response.’™

Fiber and Weight Loss

One cohort study was conducted to investigate the effect of dietary fiber on
weight and waist circumference in Europe. A total of 89,432 participants aged 20-78 y
and free of cancer, cardiovascular disease, and diabetes followed for an average of six
years were included in the study. Food-frequency questionnaires were used to assess the
dietary data. The results indicated that total fiber was inversely associated with waist
circumference and weight. A 10 g/d of higher total fiber intake was associated with
annual weight change -39 g/y and -0.08 cm/y for annual waist circumference. A 10 g/d
of higher fiber intake from cereal was associated with annual weight change -77 g/y and -
0.10 cm/y for annual waist circumference. Although fruit and vegetable fiber was
positively associated with an annual weight change (2 g/y), it was negatively associated
with annual waist circumference (-0.08 cm/y). The study suggested higher intake of fiber

is beneficial for preventing abdominal obesity among Europeans.’
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Abutair et al. conducted an 8-week randomized control trial to determine whether
soluble fiber supplements from psyllium improve the glycemic response and body weight
among type 2 diabetic patients. A total of 40 patients were randomized to the intervention
group (7.0 g of psyllium 15 min before lunch and 3.5 g of psyllium 15 min before dinner)
and control group (remain their regular diet). Both groups were instructed to follow their
regular diet and lifestyle. Of 36 participants finished trial, the results indicated that the
mean body weight (-2.7 kg versus 0.8 kg, p <0.001), BMI (-0.9 kg/m? versus 0.3kg/m? p
< 0.001), waist circumference (-2.7 cm versus 0.3 cm, p < 0.001), hip-circumference (-
2.6 cm versus 0.5 cm, p <0.001) was significantly lower than baseline in intervention
group compared to control group. The mean fasting blood sugar (-43 mg/dl versus -5
mg/dl p <0.001), HbAlc (-1% versus 0 % p = 0.013), insulin level (-8.2 ulU/mL versus
3.1 ulu/mL, p <0.001), C-peptide (-2 ng/ml versus 1.1 ng/ml p < 0.001), HOMA.IR. (-
5.5 versus 0.8 p < 0.001) and HOMA.B% (37.8 versus 17 p < 0.001) were significantly
improved from baseline in the intervention group. The study suggested that the soluble
fiber from psyllium with normal diets is beneficial to body weight and glucose
metabolism among type 2 diabetic patients.”®

In addition, a systemic review consisting of 32 randomized control trials
investigated the impact of fiber-based supplementation on body weight and fatness. The
result indicated that the dietary fiber supplementation on the body weight, BMI, and waist
circumference is inconsistent across studies. The study suggested that the possible reason
for inconsistency among these studies are variations in interventions, participants'

characteristics, and overall methodological quality.”” Furthermore, one systemic and
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meta-analysis investigated the effect of viscous fiber on body weight independently of a
calorie-restricted diet found viscous fiber as monotherapy has insufficient evidence for
weight loss. However, the study suggested combined viscous fiber and caloric restricted

diet provide a more effective approach.’®

Safety and Efficacy

Williams et al. conducted a review to investigate the safety and adverse effects on
types of fiber consumed among U.S. children and adolescents.®® The study found that
high dietary fiber intake is associated with a slight loss of energy, protein, and fat. The
study also indicated that high fiber intake might compromise caloric consumption among
children and adolescents. However, the loss of these nutrients is unlikely to have adverse
effects when they consume adequate and balanced diets. The study suggested that a
moderately increased fiber induces more benefits than harms.”

Davidson et al. found inulin intake associated with gastrointestinal distress, and
the most symptoms are bloating, cramping, and loose stool .8’ According to DRI, a high
fiber diet may cause Gastrointestinal distress, but the symptom always subsides with
time. People who suffer from excess gastric gas are suggested to consume a low dietary

fiber diet.?

High Protein and High Fiber Studies

One recent randomized crossover control study assessed the acute effect of high
protein and high fiber beverage (HP/HFb: 160 kcal, 179 protein, and 69 fiber) as a

preload compared to an isocaloric low protein and low fiber beverage (LP/LFb: 160 kcal,
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1g protein, and 3g fiber) on appetite ratings and subsequent energy intake at an ad libitum
meal in obese and overweight adults. A total of 50 overweight and obese adults (BMI
29.6 £0.3 kg/m2) received either HP/HFb or LP/LFb in two randomized occasions. After
consumption of two beverages for 30 minutes, the participants received ad libitum pizza
meal. The VAS was used to assess the appetite rating. The result indicated that HP/HFb
leads to a significantly higher reduction in desire to eat and hunger than LP/LFb (p <
0.05). Subsequent meal energy intake for HP/HFb was lower than LP/LFb (p=0.09). The
study suggested that high protein and high beverages consumption tend to have a lower
desire to eat, hunger level, and subsequent energy intake than low protein and low fiber
beverages.®

Dina et al. conducted a randomized crossover trial to assess the effect of
beverages containing soy protein and soluble corn fiber on satiety, appetite, and hunger in
healthy young men. A total of 30 healthy participants with normal weight (BMI 23.6 +
1.6) consumed four beverages on different days with a 3-days washout period: one
carbohydrate control (B: Og protein and 2g fiber ), high protein (HP: 30g protein and 2g
fiber), high fiber (HF: Og protein and 11g fiber) and high protein high fiber (HPHF: 30g
protein and 11g fiber). VAS was used to assess appetite, hunger, and satiety. Subsequent
energy intake was measured after an ad libitum lunch. The result indicates that HP, HF
and HPHF showed a higher satiety effect than B (p=0.02). HP showed the most
prolonged effect on satiety after four hours(p=0.02). There is no difference between each
treatment on appetite control, but B showed a significantly higher appetite than other

treatments. There is no difference in subsequent energy between each treatment.
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Although the study found no synergistic satiety of fiber plus protein, it suggested that
beverages in high soluble corn fiber and high soy protein significantly affected satiety in

healthy men compared to carbohydrate beverages.®!

Energy Bars

The global energy bars market was valued at $645.0 million in 2020 and is
estimated to reach $1,010.9 million by 2028, with a compound annual growth rate of
6.4% from 2021 to 2028.2* One of the critical factors that contribute to increased demand
for energy bars is convenience.?* Energy bars not only provide energy value but also
provide essential nutrients and food benefits. The average energy bars available in the
market generally contain 150-400 calories, 25-30 grams of carbohydrate, 10-20 grams of
protein, 5-10 grams of fat, and 5-10 grams of fiber. The sources of protein in the energy
bars are varied, such as soy, whey, casein. The purpose of the energy bars includes
weight management, meal replacement, strength muscle.®* Although the market size of
energy bars is enormous, few studies have examined the health impact of energy bar
consumption, particularly in regards to overall energy intake and satiety.

Chow et al. conducted a randomized crossover trial to assess the satiety effect of
energy bars containing viscous fiber on overweight and obese type 2 diabetic patients. A
total of 99 patients were received a 300 kcal lunch consisted fiber-containing nutrition
bars (VF: 9.1g fiber, 12g protein, and 7.5g sugar) or control bars (CH: 6.4g fiber, 12.99
protein, and 19g sugar). The study found VF had a 27.1% higher increase in fullness (p <
0.05), 15.8% decrease on perspective consumption (p< 0.001) and 14.2 decrease on

hunger (p < 0.001) in 120-240 min areas under the curve compared to CH. The data
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suggested that nutrition bars containing viscous fiber may be helpful for weight
management of type 2 diabetic patients.5?

Trier et al. conducted a randomized crossover trial to assess 24-h energy intake in
free-living college students ingesting nutrition bars high in carbohydrate or protein for the
breakfast meal. Fifty-four participants were randomized to one of the two nutrition bars:
high carbohydrate bars (HC: 260 kcal, 4 g protein,6 g fat, and 4 g fiber) and protein bars
(HP: 280 kcal, 30 g protein, 7 g fat, and 1 g fiber). The participants were instructed to
consume the bars one hour after waking and not to consume any other calorie-containing
food or beverage at that time and for one hour after consuming the bars. The participants
were instructed to follow their regular diets and complete a 24-h dietary recall on the
remainder of the day. The result indicated that the daily energy intake assessed on the
same day during the study did not differ significantly. The mean energy intake was 1752
499 kcal, 1846 =75, and 1891 +£110 kcal at baseline and for HP and HC respectively.
Physical activity level was assessed by using MET tertiles and categorized into two
groups: MET scores > 66 and MET scores < 66. The participants who reported high
physical activity had a significantly higher energy intake compared to the control day for
HC bar day (+45% or 709 %281 kcal, p = 0.03) and HP bar day (+22% or 346 +145 kcal,
p=0.038). Although the ingestion of the nutrition bar high in protein or carbohydrate did
not impact 24-h energy intake, the participants with high physical activity had a
significantly higher energy intake than low physical activity participants on HC and HP
bar day. In addition, the study suggested that nutrition bars may be helpful to increase

nutrition status for young adults.®
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One randomized crossover study evaluated the acute and chronic effects of a
whey protein and polydextrose (PPX) energy bar and an isoenergetic carbohydrate bar on
appetite, energy intake (EI), metabolic and endocrine responses in free-living males. Ten
lean males (BMI 19-25) participated in the study. For the acute phase, participants
consumed a standardized meal (30% of daily energy need: 48%, 36%,16% of energy
from carbohydrate, fat, and protein) at 20:00 on the night before each experimental day
(day 1 and 15). On the experiment day, fasting glucose and VAS for satiety were
collected, and participants were provided a standardized meal at 7:45. At 150 minutes
post-meal, researchers collected blood samples and conducted VAS for satiety, and
participants consumed one energy bar. After 90 minutes, participants were provided an ad
libitum pasta meal. Post-meal, the blood sample and appetite rating were repeated, and
the participants were instructed to record all dietary data for the remainder of the day. For
the chronic phase, participants consumed one bar as a mid-morning between-meal snack
on 14 consecutive days for two intervention periods. There was a 14-day washout period
between each intervention period. Participants were instructed to keep their regular diets
throughout the study. On day 1, the result indicated that both ad libitum EI at lunch (4085
+365 kJ versus 4880 +£459 kJ, p<0.05) and total EI (9248 +782 kJ versus 11,466 +738
kJ, p<0.05) were significantly lower for PPX than the control. On day 15, both ad libitum
El at lunch (4330 £359 kJ versus 5344 +£424 kJ, p<0.05) and total EI (10,214 £954 kJ
versus 12080 %775 kJ p<0.05) were significantly lower after consumption of PPX than
the control. The mean self-report free-living daily EI was significantly lower than control

(7904 £610 kJ versus 9041 +928 kJ, p<0.05). In addition, the hunger value was
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significantly lower than the control (p<0.05). The PPX was associated with lower glucose
and ghrelin higher glucagon-like peptide 1 and peptide tyrosine-tyrosine. Although the
study included a small sample size (n=10), the study suggested that replacing regular
snack bars with protein and polydextrose may be considered a potential weight loss

strategy.®*
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CHAPTER 3

METHODS

Participants

Men and women volunteers were recruited from the campus community at
Arizona State University in Phoenix metropolitan area through posters, listservs, and
class announcements. The inclusion criteria for eligible volunteers include age, 18-35y,
body mass index (BMI), 18.5 to 30 kg/m?, no history of serious diseases, not pregnant or
lactating, not currently dieting, and no competitive athletes. The participants were
excluded if they experienced weight loss or gain (%3 kg in the past six months). The
study was conducted between February and April 2022, and participants received $50
financial compensation for participating in the study (APPENDIX G). Written informed
consent was obtained from the participants, and the study was approved by Arizona State
University Institutional Review Board. IRB Approval and the informed consent are
shown in APPENDIX A and B.

Participants completed an online short health history questionnaire that included
dieting history, current health status, medication use, alcohol and smoking status,
physical activity status, body weight history, and height. The total physical activity was
calculated using metabolic equivalent (MET) derived using the Godin questionnaire

(APPENDIX H).®

33



Sample Size estimate

Early studies examining the satiety in subjects with protein and fiber provided
data for sample size calculations.3%-31.768% Anticipating a change in satiety score of 1.5
with an SD of 2.6, the calculated sample size is 47 participants per group, assuming a
probability of .05 and 80% power. The actual sample size in these studies averaged 22

participants per group. The sample size evaluation is shown in APPENDIX C.

Study Design

This study was a double-blind, randomized, cross-over trial that spanned a total of
28 days. Week 1 is the baseline week, and the following two 7-d intervention phases were
separated by a 7-d washout period. Participants made three visits to the laboratory,
scheduled for the 1st or 2nd day of week 1 and 3 and 1st or 2nd after the 7th day of week

4 (see Appendix F).

Test Food

There were two test foods in the study: a high protein (HP) bar and a high protein
and high fiber (HPHF) bar. The test food composition and ingredients are shown in Table
1. The picture of the test food and original nutrition label are shown in APPENDIX D.
The bars were packaged in opaque bags with randomly assigned codes: A or B. The
investigator was blind to the code, and the study was not unblinded until the study was

completed and all data analyzed.
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Table 1

Composition of Nutrition Bars HP HPHE
Energy (kcal) 180 180
Protein (g) 21 20
Total Carbohydrate (g) 17 24
Added Sugar (9) 2 0
Fat (9) 45 7
Fiber (9) 2 14

HP: high protein bar; HPHF: high protein and high fiber bar

HP ingredients: protein blend (milk protein isolate, whey protein isolate, whey protein concentrate),
hydrolyzed collagen, glycerin, cocoa, water, maltitol, maltitol syrup, fractionated palm kernel oil, sugar,
whey protein concentrate, milk, unsweet chocolate, cocoa butter, cocoa (processed with alkali), natural
flavor (include annatto and turmeric added for color), partially defatted peanut flour, calcium carbonate,
soy lecithin, butterfat, almond butter, sucralose

HPHF ingredients: protein blend (milk protein isolate, whey protein isolate), soluble corn fiber, water
almonds, erythritol, unsweetened chocolate, natural flavors, cocoa processed with alkali, cocoa butter,
contain less than 2% of the following: sea salt, sunflower lecithin, stevia sweetener.

Study Protocol

Participants recorded all their food, drinks, and exercise status each Wednesday,
Friday, and Sunday throughout the four weeks using MyFitnessPal, a smartphone diet
tracker. The primary function of the MyFitnessPal includes setting the goal for dietary
and exercise, estimating energy and nutrient intake. MyFitnessPal utilizes the USDA food
database to help users develop weight goals, track their food and exercise status.®” All
participants received verbal and written instructions on using MyFitnessPal. The data
entry and nutrient evaluation examples are shown in APPENDIX E.

During week 2, participants were randomly assigned to one of two test foods: HP
bar or HPHF bar. The bars were consumed within 1 hour of waking. The participants
were instructed to refrain from consuming any other energy-containing food or beverage
at that time and for an additional hour after consuming the bars. The participants
consumed their regular diet for the remainder of the day. For week 3, they were
instructed to follow their regular diet for seven days as a washout period. During week 4,
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participants were provided with alternative bars and followed the same procedures as
week 2. The appetite rating was measured by using online 100-mm VAS scale
(APPENDIX I). The participants measured daily satiety when they woke up for week 1
and 3 and measures when they woke up and 1 hour after consuming the bars in week 2

and 4 (see APPENDIX F for flow chart).

Laboratory Analysis

Body composition measures were collected at each visit (weight in light clothes
and body fat percentage). Waist circumferences were measured umbilicus by using a

flexible tension tape.

Statistical Analysis

Data were reported as mean £SD, and the statistical analysis was completed
using Statistical Package for the Social Sciences (SPSS V27, IBM Corporation, Somers,
NY) with significance < 0.05. The normality was assessed, and outliers were removed as
necessary, and repeated measure ANOVA was conducted to compare daily energy and
nutrient intake and when the bars were consumed. The post hoc test was assessed at

baseline and after consumption of each bar.
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CHAPTER 4
RESULTS

There were 79 responses to the online screener, and 30 participants qualified for
the study; however, only 21 participants completed the study entirely (6 males; 15
females). Subject characteristics were presented in TABLE 2. No adverse events were
reported during the study. Gender, age, BMI, body weight did not differ significantly
between completers and non-completers. Age ranged from 19to 30y (21.9 2.6 y) and
weight ranged from 49.8 to 89.7 kg (80.5 7.2 kg and 63.2 10.6 kg for men and
women respectively); and none of participants classified as obese (BMI > 30 kg/m?), 30%

participants classified overweight (24.9 < BMI < 29.9 kg/m?).

TABLE 2
Subject Baseline Characteristics® (n = 21)
Values

Age (y) 219426
Height (cm) 168.4 £11.9
Weight (kg) 68.2 +12.4
BMI (kg/m?) 23.9+27
Waist Circumference (cm) 77.6 £9.6
Fat-Free Mass (kg) 50.9 +11.6
Fat Mass (kg) 17.2 +6.8

! Data are presented as mean £STD.

Participant characteristics at the end of each treatment week did not differ from
baseline or between treatments except for mean fat mass (TABLE 3). The mean fat mass
following one week of HPHF bar (treatment B) consumption was significantly higher
than the baseline value (p = 0.023) and trended higher (p=0.057) in comparison to the
value following one week of HP (treatment A) bar consumption. Data was presented in

FIGURE 1.
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TABLE 3

Subject Characteristics for Each Treatment (n = 18)

Baseline HP HPHF p-value
Weight (kg) 69.5 +£12.3 70.1+£13 69.9+124 0.232
Waist Circumference (cm) 78.8 £9.3 78.3 £9.0 78.8 £8.9 0.436
Fat-Free Mass (kg) 51.2 £11.7 51.4 +11.9 51.1+11.8 0.801
Fat Mass (kg) 18.3 £6.7 18.8 +6.8 18.8 +6.8* 0.039

Data are presented as mean £STD. Asterisk indicates a significant difference from baseline.

Fat Mass, kg
21

20

19

18

17
baseline HP HPHF

FIGURE 1. Mean fat mass (kg) in comparison for each treatment. Baseline and treatment A
showed an upward trend (p=0.057). Baseline and treatment B is differed (*p = 0.023). Data
are presented as mean =STD.

Mean energy intake at the baseline week and the washout week did not differ
significantly; furthermore, the order of the treatment did not impact energy intake. The
mean energy intake during the study ranged from 1806 +537 kcal for the baseline week
to 1902 634 kcal and 1998 +534 kcal for the weeks the HP and HPHF bars were
consumed respectively (FIGURE 2). The mean energy intake during the week the HPHF
bar was consumed was significantly greater than that for the baseline week (p = 0.035).
Gender, age, and BMI did not impact the result. However, physical activity level did

impact these results (p = 0.034). For the low physical activity level group (n = 11), the
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mean energy intake for the baseline week and the weeks the HP and HPHF bars were
consumed were 1735 +£495 Kkcal, and 1673 475 kcal and 1906 472 kcal respectively
(p = 0.253). For the high physical activity level group (n = 10), the mean energy intakes
for the baseline week and the weeks the HP and HPHF bars were consumed were 1883 +
597 kcal, and 2154 + 712 kcal and 2099 + 603 kcal respectively (p < 0.04; energy intakes
for both bars were significantly different from baseline). Hence, highly active participants
did not compensate for energy intake during the weeks the bars were consumed, but
energy compensation appeared to occur for the low active participants.

Protein intakes were significantly increased in the subjects for the weeks the HP bars and
HPHF bars were consumed. Similarly, fiber intakes were significantly increased in
participants for the week the HPHF bar was consumed. Fat intakes were significantly
increased in the participants for the week the HPHF bars were consumed. Data were not

impacted by gender or physical activity level (TABLE 4).
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FIGURE 2. Mean energy intakes (kcal) in comparison for each treatment (n = 21). Baseline and HP and
HPHF is differed (*p = 0.035). Data are presented as mean =STD. For participants who were more
physically active, daily energy intakes showed an upward trend from the low active group (1p=0.082).
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Table 4

Energy and Nutrient Intake Comparisons for Each Treatment (n = 21)

Baseline HP HPHF p-value
Energy (kcal) 1806 +537 1902 +634 1998 +534* 0.035
Carbohydrate (g) 206 79 221 +63 216 £63 0.402
Protein () 80 £37 101 £43* 108 +£36* <0.001
Fat (g) 62 £26 67 +£28* 78 £26* 0.035
Fiber (9) 17 +14 18 +11 29 +9* < 0.001

Data are presented as mean £STD. Asterisk indicates differences from baseline.

Mean satiety for the baseline week and washout week did not differ significantly.
The satiety rating of five questions indicated a significant effect for each bar consumed
(TABLE 5) in comparison to baseline and the ‘before’ values; however, there were no
differences between bars for any of the ‘after’ satiety ratings (FIGURE 3).

How Hungry Do You Feel?
60

50
40
30

20
baseline HP before HP after HPHF HPHF
before after

How Strong is Your Desire to Eat?
70
60
50
40
30

20
Baseline HP before HP after HPHF HPHF
before after

41



How Full Do You Feel?
70
60
50
40
30

20
baseline HP before HP after HPHF HPHF
before after

How Satisfied Do You Feel?
70
60
50
40
30

20
baseline HP before HP after HPHF HPHF
before after

How Much Can You Eat Right Now?
70
60
50
40
30

20
baseline HP before HP after HPHF HPHF
before after

FIGURE 3. Satiety rating comparisons for each treatment. HP after and HPHF after did not
differ. Data are presented as mean +STE.
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Table 5

Satiety Rating Comparisons for Each Treatment (n = 20)

Baseline Before HP After HP Before HPHF  After HPHF  p-value
How strong is your desire to eat? 52.1+16.3 54.6+19.1 31.7=x11.7* 50.2+17.7 329+16.2* 0.001
How hungry do you feel? 51.1 +£17.2 53 +18 30.5+12.4* 51 +16.5 30.3 +£15.1*  0.002
How full do you feel? 36.2+13.7 394 +157 583+13.4* 39.3+15.8 62 +19.2*  0.002
How satisfied do you feel? 3944131 373+142 589+13.7* 385+14.1 58.1+17.1* <0.001
How much do you think you could eat right now? 55.7 £156 56 £17.6 34.9+128* 543+155 35.8+16.6* 0.002

Data are presented as mean =STD. Asterisks indicate significant differences from baseline and ‘before’ values.

Satiety rating by using VAS 1-100



CHAPTER 5
DISCUSSION

Although the data indicated both protein bars increased short-term satiety in one-hour
after ingestion, the average total 24-h energy intake was raised above baseline for the seven
days of daily bar consumption (HP or HPHF). Hence, the short-term satiating effects noted at
one hour following bar consumption did not extend across the entire day. Trier et al.
confirmed the same results and suggested that the satiating effects from ingestions of
nutrition bars may be canceled by food intake later in the day among free-living adults.®
Indeed, McKiernan et al indicated that single meals may not be precise to assess the
compensatory responses and long-term energy balance since free-living adults regulate 24-h
energy intake more consistently than individual eating occasions.®®

Data indicated a small but significant increase in body fat mass following one-week
ingestion of HPHF bars and an upward trend following one-week ingestion of HP bars
compare to the baseline. BMI was not related to the change of energy intake on the week HP
and HPHF treatment was consumed. These data suggested that the extra energy content from
the protein bars may accumulate in the adipose tissues. Others have documented that short-
term overfeeding has a minimal effect on energy intake among free-living adults and it may
contribute to fat mass gain without changing physical activities.® In addition, Whybrow et al.
indicated that there is a non-significant trend for weight gain and increased fat content with
increasing energy intake from snacks within two weeks of mandatory snacks consumption
among free-living adults.®

Consumption of protein bars may impact nutrient intake among free-living adults. On
the week HP bars were consumed, the average protein intake increased by an average of

26%; whereas on the week HPHF were consumed, the average protein intake increased by
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35%. The average fat intake increased by 8% and 26% on the week HP bars and HPHF bars
were consumed. The average fiber intake increased by 70% on the week HPHF bars were
consumed. Thus, protein bars may be considered a source to improve nutrition health among
free-living adults. The global energy bars market was valued at $645.0 million in 2020 and is
estimated to reach $1,010.9 million by 2028, with a compound annual growth rate of 6.4%
from 2021 to 2028.2* Consumers may perceive nutrition bars as convenient, healthy, or
nutrient-rich, but they may not consider nutrition bars as energy-dense meal-replacements.
The increasing sales of nutrition bars are parallel with the increasing obesity rate in the U.S.;
hence, future long-term intervention trials are necessary to conduct among free-living
populations.

According to the data, the mean 24-h energy intake did not differ between the weeks
HP and HPHF bars were consumed. However, Astbury et al. indicated that 24-h energy
intake is significantly lower when PPX (whey protein and polydextrose) bars were consumed
(250 kcals, 17 g carbohydrate, 14 g fat, 13 g protein).8* These results imply that the additional
energy, carbohydrate, and fat content may contribute to the compensatory effect and lower
energy intake. In comparison, the nutrition bars in the present study contained only 180 kcals
and little carbohydrate or fat, and there were no compensation effects in our study. It is
important to note that the data indicated that physical activities impact the average energy
intake for both protein bars. The individuals with high activity levels reported average energy
intakes that were significantly elevated on the weeks the protein bars were consumed. These
data indicated that individuals with high activity levels may not effectively compensate for
the increased energy intake. Ptomey et al. indicated that moderate to vigorous physical
activity is associated with slightly increased energy intake in the 12-month weight

maintenance intervention.®® In addition, Barutcu et al. indicated a higher energy intake was
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observed after planned fasted aerobic exercise, but the increased energy intake did not
compensate for the energy expended on the exercise.®? However, these data do not align with
the finding reported herein. Interestingly, Martins et al. found that medium-term exercise
could increase the drive to eat in the fasting state, but it will be balanced improved satiety
response and sensitivity of the appetite control system.%

The satiety rating of five questions indicated a significant satiating effect for both HP
and HPHF bars one hour after consumption. The satiating effect between HP bars and HPHF
did not differ significantly. The results rejected our hypothesis that HPHF will have a higher
satiating effect compared to HP bars due to the soluble fiber content. Willis et al. indicated
that mixed fiber in muffins for breakfast did not influence satiety, gut hormones, or food
intake and researchers suggested that higher fiber intakes (>12 g) may be necessary to have
satiety effects.®* In addition, the food volumes may affect the satiating effect. Rolls et al.
indicated volume of the food could influence satiety through sensory processes, and these are
associated with gastric stimulation.%

The attribution rate for the study is 30%; however, the gender, age, BMI, and body
weight did not differ significantly between completers and non-completers. The limitations of
the study include self-report health status and dietary data, and the inability to use the gold
standard for measuring body composition, energy intake, and satiety. The long-term effects
may not be presented in the study. The commercial nutrition bars in the study may not
generalize to other products in the market. Cutrufello et al. indicated that acute fluid
consumption had a significant effect on multifrequency bioelectrical impedance analysis.*®
Therefore, participants came in different schedules which may increase the error rate for
bioimpedance. Participants were healthy volunteers from the Phoenix metropolitan area and

receive incentives. Several data were missing due to the school holiday schedule and
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participants may not follow the protocols throughout the study. However, the crossover
nature of the study reduced the confounding variables and free-living conditions were not
manipulated the external validity.

In conclusion, nutrition bars represent a convenient functional food category that has
gained rapid market growth in the recent decade, and consumers many perceive these foods
as a source of specific nutrients, such as protein or fiber. However, nutrition bars may not be
perceived as a significant energy source and may increase the risk of gaining fat mass and
eventual body mass over time. Nutrition bars should be viewed as a snack or meal
replacement to facilitate compensation for their caloric content. Future studies are necessary

to determine the long-term effects of the commercial nutrition bars.
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PSU pevsismen o™

APPROVAL: EXPEDITED REVIEW

Carol Johnston

CHS: Health Solutions, College of
602/496-2539

CAROL.JOHNSTON@asu.edu

Dear Carol Johnston:

On 12/28/2021 the ASU IRB reviewed the following protocol:

Type of Review:

Initial Study

Title:

Examination of the daily ingestion of high protein nutrition
bars (with or without added fiber) for one week on 24-h
energy intake and satiety in healthy young adults

Investigator: | Carol Johnston
IRB ID: | STUDY00015151
Category of review:
Funding: | Name: Graduate College (GRAD)
Grant Title:
Grant ID:

Documents Reviewed:

« calendar, Category: Participant materials (specific
directions for them);

« consent, Category: Consent Form;

« health history questionnaire, Category: Screening forms;
« online screener, Category: Screening forms;

« protocol, Category: IRB Protocol;

* pure protein bar, Category: Drug Attachment;

« quest protein bar, Category: Drug Attachment;

« satiety measure, Category: Measures (Survey
questions/Interview questions /interview guides/focus
group questions);

« verbal script (ad), Category: Recruitment Materials;

The IRB approved the protocol from 12/28/2021 to 12/27/2022 inclusive. Three weeks before
12/27/2022 you are to submit a completed Continuing Review application and required
attachments to request continuing approval or closure.

If continuing review approval is not granted before the expiration date of 12/27/2022 approval of
this protocol expires on that date. When consent is appropriate, you must use final, watermarked
versions available under the “Documents” tab in ERA-IRB.
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In conducting this protocol you are required to follow the requirements listed in the
INVESTIGATOR MANUAL (HRP-103).

REMINDER - All in-person interactions with human subjects require the completion of the ASU
Daily Health Check by the ASU members prior to the interaction and the use of face coverings by
researchers, research teams and research participants during the interaction. These
requirements will minimize risk, protect health and support a safe research environment. These
requirements apply both on- and off-campus.

The above change is effective as of July 29" 2021 until further notice and replaces all previously
published guidance. Thank you for your continued commitment to ensuring a healthy and
productive ASU community.

Sincerely,

IRB Administrator

cc:
Minghan Pang
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Informed Consent
MNutrition Bars and Satiety

INTRODUCTION

The purposes of this form are (1) to provide you with information that may affect your decision as to
whether or not to paricipate in this research study, and {2) to record your congent if you choose to be
involved in this study.

RESEARCHERS
Drr. Carol Jehnston (A5U Mufrition professor) and ASU nutrition graduate student, Minghan Pang, have
requested your parlicipation in a research study.

STUDY PURPOSE

The global energy bars market was valued at 56450 million in 2020 and is estimated to reach $1,010.9
million by 2023, Convenience iz the main reason for the increasing demand for energy bars. However,
few studies have examined the health impact of energy bar consumption, paricularly in regards to
satiety. The commercial nutrition bar provides energy and essential nutrients such as protein and fiber.
There is substantial evidence that protein and fiber have the potential to promote satiety. Although many
studies found that protein and fiber promote safiety in the short ferm, only a few studies examined the
effects of long-term satiety in free-living individuals. Most of these studies ulilized protein and fiber
supplements in a liguid form. Based on our knowledge, only one study has investigated the long-term
impact of the energy bar on appetite and energy intake in free-living individuals. However, the effect of
coemmercial energy bars that combine high protein and high fiber on appetite and satiety remain unclear.

DESCRIPTION OF RESEARCH STUDY

You have indicated to us that you are a non-smoker/non-user of cannabis, 18-35 years of age, and
generally healthy. You are not currently ill and do not have unresolved chronic conditions. You have no
known food allergies, are not pregnant or dieting, and have not gained or lost =7 pounds in the past &
mionthe. This iz a 4-week study: you will ingest a nutrition bar daily during weeks 2 and 4. Othenwvise,
you will continue fo consume your usual diet and not alter your physical activities during the study. You
will record your diet and physical activity on 3 days each week of the tnal using MyFitnessPal, a free
app which we will help yvou download onto your j-phone and show you how to use. You will also be
asked to record your hunger level 1-2 fimes daily throughout the trial via an online text message.

This research entails three visits to the study site on the downtown ASU campus (approximately 30
minutes per visit). You will be asked to complefe health and diet questionnaires during these visits, and
we will measure your weight and waist circumference. You will receive a 520 gift card at the end of
week 2 and a 530 gift card at the end of week 4.

RISKS
There is minimal risk for parficipation in this study. The nufrition bars are commercially available. Itis
possible you may feel full or bloated after consuming the bars, but this would be an transitory effect.

BEMEFITS
This trial iz examining possible health benefits of nufrition bar comsumption, but there iz no direct benefit
for your parficipation in this study.

NEW INFORMATION
If the researchers find new information during the sfudy that would reasonably change your decision
about participating, then they will provide this infermaticn o you.

CONFIDENTIALITY

All information obtained in this study iz strictly confidential unless disclogure is required by law. The
results of this research study may be used in reporis, presentations, and publications, but your name or
idenfity will not be revealed. In order to maintain confidentiality of your records, the investigators 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.
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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 any manner. We ask that you notify us in a timely manner if you
decide to withdraw from the study, and we will ask you the reason for withdrawing for our records.

COSTS AND PAYMENTS
You will receive a $20 gift card at the end of week 2 and a $30 gift card at the end of week 4. There are
no payments required for this study. You will receive the nutrition bars at no-cost.

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 concemning the research study or your participation in the study, before or after
your consent, will be answered by Dr. Carol Johnston, 550 N. 3™ St., Phoenix, AZ 85004. [602-496-
2539]

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.

Subiject’s Signature Printed Name Date

Contact phone number Email

INVESTIGATOR'S STATEMENT

"I certify that | 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. | have provided the subject/participant a copy of this
signed consent document.”

Signature of Investigator Date

66



APPENDIX C

SAMPLE SIZE CALCULATION
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Calculated
N per Age
Author Year | Satiety 15D n per Health Status
group Range
group
Healthy
Trieretal. | 2013 11 1.16 15 20 28.4+29
BMI 23.1 £0.9
Healthy
Dinaetal. | 2018 24 4.9 30 68 2214
BMI 23.6 £1.6
Sharafi et Overweight/obese
2018 1 3.9 50 241 30 2
al. BMI 29.6 £0.3
Zaharudin Healthy
2021 1 1.8 20 53 28.8+54
et al. BMI 20.5-25.0
Average 15 2.6 21.6 47 26.4 £3.2

The study from Sharafi et al. was excluded from the sample calculation due to the participants’ health status
and calculated sample size.
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FOOD PICTURE AND NUTRITION LABEL
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CHOCOLATE DELUXE

CALORIES , <

PROTEIN | SUGAR

" Gluten Free
Not v 176 6z (502)

Nutrition Facts
6 servings per container

Serving size 1 Bar (509)
I

Amount per serving

Calories 180

% Daily Value*
Total Fat 4.5g 6%
~Saturated Fat 3.5g 18%
~ Trans Fat 0g
Cholesterol 15mg 5%
Sodium 90mg ' 4%
Total Carbohydrate 17g 6%
Dietary Fiber 2g 7%
Total Sugars 39
Includes 2g Added Sugars 4%
Sugar Alcohol 4g
Protein 21g 37%

e
Vitamin D Omcg 0% ¢  Calcium 100mg 8%
Iron 2.0mg 10% * Potassium 160mg 4%
- |

* The % Daily Value (DV) tells you how much a nutrient in
a serving of food contributes to a daily diet. 2,000 calories
a day is used for general nutrition advice.




QU=ST";

’

DOUBLE CHOCOLATE
209 CHUNK wro

49NET CARBS* | <1g SUGAR | 14g FIBER peraan (85 " forllustration Doly NETIWT 2:12 0%

e -

Nutrition Facts
Serving size 1 bar (60g)

Amount per serving

Calories 180

% Daily Value*

Total Fat 7g 9%
Saturated Fat 2.5g 13%
Trans Fat Og

Cholesterol Smg 2%

Sodium 220mg 10%

Total Carbohydrate 24g 9%
Dietary Fiber 14g 50%
Total Sugars <1g

Includes 0g Added Sugars 0%
Erythritol 6g

Protein 209 40%

|

Vitamin D Omcg 0%

Calcium 110mg 8%

Iron 1.6mg 8%

Potassium 180mg 4%

* The % Daily Value (DV} tells you how much a
nutrient in a serving of food contributes to a daily
diet. 2,000 calories a day is used for general
nutrition advice.
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MYFITNESSPAL DATA AND EVALUATION
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= Dpiary s O 3
< Today >

= Find A Nike® Store Ne:
o B NS Slendaie <

Calories Remaining
2,450 - 1,612 + 412 =1,250

Goat Food Exerclze  Remaining
Breakfast 180
Double Chocolate 180
Quest, 1.0 Bar

ADD FOOD

Lunch a7s
Rice 180

Jasmina Rice, 45.0 g raw walght

carols s2
1.0cup,

(Flain). 0.5 cup

Cheese Burger s0z
Homemada Cheese Burger, 1.0,

Apple Juice 110
Juice, 8.0 oz

ADD FOOD

Dinner 262
carrots 52
1.0 cup, chopped
Chicken

Grilled chicker, 4.0 o7

Fotato 110
Potato, 1.0 medium

ADD FOOD

Snacks 295
nut 190
nut, 1.0 cup

Banana 105
1.0 medium

Thia food is low In sa

ADD FOOD

srated fat

Exercise a2

Running (Joaaing), 10.7 kph (5 a1z
20 minutes

Connect a step tracker
Q0 Automatically Lrack steps and
calorics burncd

ADD EXERCISE

Wwater

water
2,000 mi

ADD WATER

= Notes

@ Nutrition

(o) (] ] 2
WEMe  Diary  wecipes b

< Nutrition

B ©

CALORIES NUTRIENTS MACROS
‘ Day View ~
Today

Need more protein?

Browse high protein recipes

S

Total Goal Left

Protein 72 144 729
Carbohydrates 200 358 1589
Fiber 28 38 10g
Sugars 63 107 449
Fat 43 96  53g
Saturated 10 32 22g
Polyunsaturated 1 0 -1g
Monounsaturated 5 0 -5g
Trans 1 0 -1g
Cholesterol 91 300 209mg
Sodium 1,143 2,300 1,157
mg

Potassium 2,475 3,500 1,025
mg

Vitamin A 2,145 100 -2,045
%

Vitamin C 202 100 -102%
Calcium 130 100 -30%
54%

Iron 46 100
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CALORIES

NUTRIENTS

B

MACROS

Day View ¥
Today

W Breakfast
11% (180
cal)

B Dinner
16% (262
cal)

Total Calories
Net Calories

Goal

W Lunch
54% (875
cal)

W Snacks
18% (295
cal)

1,613
1,200

2,450
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STUDY FLOW CHART
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HFHP group HP group
Online
Questionnaire
HP group HFHP group
Week 1 Week 2 Week 3 Week 4 Week after Trial
Visit 1 24-h Diet and 24-h Diet and Exercise Visit 2 24-h Diet and Visit 3
(Monday or Tuesday) Exercise record by record by MyfitnessPal (Monday or Tuesday) Exercise record by (Monday or Tuesday)
Baseline week MyfitnessPal Satiety Rating Measured MyfitnessPal Completion of trial

Inform of consent (Wednesday, Friday, (Wednesday, Friday, Anthropometrics Satiety Rating Measured
Random assignment Sunday) Sunday) Received test food (Wednesday, Friday, Anthropometrics

Received test food Gift Card $20 Sunday) Gift Card $30

Measured
Anthropometrics
MyfitnessPal
Tranning

Communication through email to follow up,
answer questions and provide instructions
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APPENDIX G

STUDY FLOW DIAGRAM
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Assessed for eligibility (n=71)

Excluded (n=41)
» Not meeting inclusion criteria (n = 26)
* No Response (n=15)

Randomized (n = 30)

Crossover randomization
HP/HPHF (n = 15)
HPHEF/HP (n=15)

Lost to follow up (i.e., difficult to follow
the protocols, no response) (n=9)

Analyzed (n=21)
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APPENDIX H

HEALTH HISTORY QUESTIONNAIRE
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HEALTH HISTORY QUESTIONNAIRE ID= Date:

1. Genderr M F

2. Age:

3. Ethnicity: (please circle one) American Indian/Alaskz Native Black or African-American
White or Caucasian Native Hawaiian 'Other Pacific Islandar
Hispanic or Latino Asian

4. Do you smoka or use cannabiz? (pleaze check) _ No, never
__ Yeaz _zCigarettez perday =
_ Tusedto, butI quit months/years (cirele) ago
T use cannabis

5. Do vou take any meadications regularly? Yes No [f yes, list ape and frequency)
Madication Dosags Fraquency

6. Do you currently take supplements (vitamms, minerals, protein_ herbs, ete.)? Yes No [Ifves, plsase list]
Supplement Dosaze Frequency

7. Have you been diagnosed with any acuts or chronic condition (such as high blood pressure, heart dizeaze or
diabetes, but also intestinal problems such as IBS or Celizc)? Yez No [Ifyes, please list]

8. If female, are you pregnant or lactatmg?  Yes No
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" 9. Please circle the number of times vou did the followmg exsrcizes for more than 15 minutes last week.

Mild exercize (mmimal effort):
Easy walking, zolf, gardening, bowling, yoga, fishing, horzazhoes, archery, ete.

Timesperweek: 0 1 2 3 4 56 7 8 9 10 11 12 13 14+

Moderate exercize (not exhausting):
Fast walking, eazy bicycling, tenniz, easy swimmmg, badminton, dancing, volleyball,
baseball, atc.

Timesperweek: 0 1 2 3 4 56 7 8 9 10 11 12 13 14+

Strenuous exercise activities (heart beats rapidly):
Rumning, jogzing, hockey, football, zoccer, squash, basketball, crozs country skimng, judo,
roller skating, vigorous swimming, vigorous lons distance bicycling, ete.

Timesperweek: 0 1 2 3 4 56 7 8 9 10 11 12 13 14+

10. Do you plan to change vour exercise level in the next 8 weeks? Yez No
If yes, explam:

11. Are you hezlthy and fit? Yes No
Comments:

12. How much alcohol do you drink? State average number of drinks per wesk:

13. Do you have any food allergies? Yes No
Ifyes, explam:

14. Do you follow a special diat? Yes No
If yes, explam:

Do you plan to change your diet in the next § weeks? Yes No
If yes, explam:

. Have you lost or gained more than 7 lhs in the last 6§ months? Yes No
Ifyes, how much lost or gained? Hovw long ago?

16. Are vou willing to conzume a commercially available nutrition bar daily for two wasks?

Yes No

17. Are you willing to come to the test site in downtown Phoenix (comer of Van Buren and 3* Streets) on three

occasions during the study?

Yez No
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* 2. How strong is your desire to

eat?
very weak very strong
N
( ( ] )
N/
@ Clear

* 6. How much do you think you
could eat right now?

alarge
not at all amount
r N
{ L 1 )
S

@ Clear

* 4. How full do you feel?

not full at all totally full

) D

O

lear
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* 5. How satisfied do you feel?

completely cannot eat
empty another bite
—) )
22 Clear

* 3. How hungry do you feel?

not hungry at as hungry as |
all

have ever felt

7N
C { ] b
N

Clear




