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ABSTRACT
Introduction

National and international rates of overweight and obesity have dramatically risen in
recent decades due to changes in the global food landscape. Overweight and obesity are linked to
many health problems: cardiovascular disease, hypertension, diabetes, elevated cancer risk, and
others. Despite best efforts, a sustainable weight management solution does not exist. Existing
programs are high cost, have low success rates, and low sustainability. The Individualized
Dietary Improvement Program (iDip) and MealPlot mobile application are two projects aiming
to develop a weight management program that leads to sustainable weight losses of greater than
5% initial body weight, contributes to healthful dietary changes, and is lower in cost than
previous, similarly successful programs.

Methods

iDip was a two-year before and after study design without a control group. It occurred in-
person at the University of Illinois Urbana-Champaign from March 2019-2021. Thirty
participants from the surrounding community were enrolled and completed 19 in-person
dietitian-led education sessions, three individual advising meetings, dietary monitoring via 24-
hour dietary records and food frequency questionnaire, body composition and measurements,
and daily self-weighing. Dietary records were collected bi-monthly throughout year 1; food
frequency questionnaires at baseline, 12 months, 24 months; and body composition, waist and
hip circumference at baseline, 6 months, 15 months, and 24 months. Participants received
individualized feedback via weekly weight monitoring charts and the novel, protein-fiber food
displays. Outcomes were analyzed using mean, Students t-test, and regression analysis.

MealPlot was developed in coordination with the University of Illinois Urbana-

Champaign Applied Research Institute from January 2020-Present. Strategies from iDip 2,
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namely protein-fiber food displays, weight charts, health assessment, and communication with
advisors, are heavily utilized in the application. MealPlot was developed on a HIPAA-secure
server pulling data from the USDA Nutrition Database and the participant’s Wi-Fi scale.
Results

At 12 months, 22 participants (73.3% retention, 13 females) remained enrolled. Mean
baseline age and body mass index were 49.3 (11.5, SD) years and 37.4 (5.1) kg/m?, respectively.
Mean weight loss was -6.5 (8.4)% and mean body mass index change was -2.33 kg/m?. Weight
loss primarily occurred in the first six months, and early weight losses were predictive of long-
term weight losses. On both the food frequency questionnaires and dietary records, participants
significantly increased protein (p<le-6) and fiber (p<0.001) densities and significantly reduced
caloric intake (p<0.01) and intake of non-nutrient dense foods (p<le-4). iDip 2 had insignificant
improvements in weight loss versus iDip 1 and was significantly lower in cost than similarly
successful programming.

The three core features of MealPlot were developed and internally tested: Meal Planner,
One Day Record, and Weight Chart. MealPlot will be incorporated in the EMPOWER
programming.
Conclusions

iDip lead to clinically significant weight losses in many participants. However, weight
losses were highly variable among participants. Dietary improvements were significant but
inconsistent among dietary records. Follow-up studies and larger cohorts are needed to identify
the sustainability of weight losses and dietary changes. MealPlot’s core features are fully
developed and await incorporation into the EMPOWER program. Based on participant feedback,

MealPlot will be updated with additional features.
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CHAPTER 1. Introduction

National and worldwide obesity rates are rising due to significant changes in the food
landscape, such as the increased availability of calorically dense and nutrient-poor foods,
reduced fiber intake, and high intakes of added sugar and animal fat [1]. At its core, obesity is
caused by a chronic positive energy balance resulting from excessive food intake and physical
inactivity. In the United States, 70.2% of adults are obese (BMI>30) or overweight (BMI>25),
with 7.7% being extremely obese (BMI>40) [2]. Utilizing recent (2013-2016) National Health
and Nutrition Examination Survey (NHANES), 36.5% and 40.8% of US men and women,
respectively, were obese [3]. Obesity also affects 18.5% of US children and adolescents,
increasing their likelihood of adult obesity and suffering obesity-related complications at a young
age [4, 5]. Incidence rates of abdominal obesity have increased 12.9-15.5% between 1988 and
2010 [3]. The cost of obesity on the nation’s health listed, in large part due to the comorbidities

discussed below, is upwards of 147 billion USD annually [6].

Non-communicable disease rates, such as type 2 diabetes mellitus (T2DM), coronary
heart disease (CHD), stroke, metabolic syndrome, and several cancers, increase concurrently
with obesity [7]. Additionally, obesity is associated with increased all-cause mortality risk [6].
The aforementioned chronic diseases are often caused and resolved by a change in body weight.
Sustained weight changes of at least 5% initial bodyweight improve metabolic and

cardiovascular health markers, such as insulin sensitivity [8].

As aresult of adverse health and economic impacts, a sustainable and cost-effective
obesity reduction program is needed. However, as discussed in “Chapter 2. Literature Review”,
such a program does not currently exist. Existing programs and initiatives, such as Look

AHEAD, Weight Watchers, Diabetes Prevention Program, lack substantial weight losses,



sustained weight losses and health benefits, and cost effectiveness.

Despite extensive resources devoted to weight management programming, currently
available programs lack safety, efficacy, sustainability, and cost-effectiveness. Key limitations
when studying weight loss are short follow-up periods and weight regain. In addition to weight
loss magnitude, it is important to study changes in diet, body composition, and health markers,

including blood lipids, blood pressure, and glucose control.

The studies discussed here, Individualized Dietary Improvement Program (iDip) and
MealPlot, are efforts to design a cost-effective weight management program on the basis of
empowering individuals to make informed dietary decisions using novel tools, namely the
Protein-Fiber plot and weekly weight progress chart. iDip and MealPlot aim to address issues
seen in previous programs: safety (lack of monitoring for muscle mass decline), efficacy (weight

loss achieved), sustainability of weight loss, and cost-effectiveness.



CHAPTER 2. Literature Review

Weight management programming
In-person programming and medical approaches

Contemporary weight loss programs often rely on a significant caloric reduction, at least
25% daily intake, daily calorie counting, meal replacements, a substantial shift in macronutrient
composition, or a combination. The 2001 Look AHEAD (Action for Health in Diabetes)
intensive lifestyle program utilized restricted energy diets, exercise programming, self-
monitoring, dietitian advising, and meal replacement programs. While participants successfully
lost >5% initial bodyweight after one year, regain began shortly after one year and health
benefits achieved, such as improved glycemic control and reduced blood triglycerides, declined
over the ten-year follow-up period [9]. The Diabetes Prevention Program (DPP), similar to Look
AHEAD with the addition of pharmaceuticals, resulted in weight losses >5% after one year with
significant weight regain following [10]. Weight Watchers, a commercialized program focusing
on an energy-restricted and balanced diet, also had low sustainability; of members who reached a
goal weight (healthy BMI), less than one-third were within five pounds of their goal weight after

five years [11]. As shown by these programs, weight loss sustainability is a crucial issue.

Changes in macronutrient composition, such as the restriction of carbohydrates in the
ketogenic diet or fat in the Ornish, are popularized approaches to weight management with
mixed results. These diets have led to substantial short-term weight losses, such as a 7.2% weight
reduction in a ten-week ketogenic diet study [12]. Weight loss studies comparing the Ornish and
ketogenic diets, “extreme diets”, to Weight Watchers or conventional low-fat diets, “moderate
diets”, favor the extreme diets short term. However, after 12 months, weight regain occurs, and
there is no significant difference between the extreme and moderate diet groups [13, 14].

Individuals are likely unable to make lifelong adaptions to maintain these diets accounting for



both weight regain and increased attrition in the extreme diet groups. It is critical that a diet be

individualized if it is to be sustainable.

Daily dietary recording, via paper-and-pencil or mobile application, can lead to weight
loss success [15, 16], but it is time-consuming, frequently inaccurate, and can lead to greater
attrition [16-18]. However, calorie counting is only effective if 1) the patient accurately records
calories of every food and beverage consumed, 2) the patient adheres to a calorie goal that results

in a chronic energy deficit.

A self-monitoring alternative to calorie counting and food journaling is the use of daily
self-weighing and frequent quantitative feedback. Studies by Bertz et al. [19] and Rosenbaum et
al. [20] found reduced weight gain in college women when they self-weighed daily. The WEIGH
study found that overweight and obese adults who weighed daily lost significantly more weight
and adhered to more weight control strategies based on the validated Weight Control Strategies

Scale [21, 22].

When lifestyle interventions are insufficient for weight loss, pharmaceuticals can be
utilized. The Food and Drug Administration has approved only a handful of obesity
pharmaceuticals: Orlistat, Phentermine-topiramate, Naltrexone-bupropion, and Liraglutide [23].
Only Alli is available over-the-counter and is a small dosage of Orlistat. Orlistat and Alli work
by reducing the amount of fat absorbed from the diet in the small intestine, which can impair fat-
soluble vitamin absorption. The remaining pharmaceuticals work via appetite suppression. In
long-term studies of Orlistat + Diet versus Diet-only, Orlistat increased weight loss by 2.9%, and
weight regain after one year was similar across both study groups [24]. Phentermine-topiramate
had greater efficacy inducing 6.6-8.6% (dosage dependent) weight losses in the year-long phase

3 trial [25]. Naltrexone, an opioid-addiction medication, combined with the anti-depressant



bupropion lead to weight losses of 5.2% compared to the placebo in year-long phase 3 trials [26].
It is less effective compared to phentermine-topiramate. Weight management pharmaceuticals

have several side effects, most commonly nausea, stool consistency changes, insomnia, and

headache.

For the severely obese, BMI >40 or BMI >35 with a co-morbidity, bariatric surgery is an
alternative treatment when lifestyle and pharmaceutical interventions fail [27]. Four types of
surgical interventions are available: laparoscopic adjustable gastric band, gastric sleeve, Roux-
en-Y gastric bypass, and the duodenal switch [28]. Gastric band and bypass are most commonly
performed as they have the highest benefit:risk ratio [29]. Only the gastric band is easily
reversible, as a band is inserted around a portion of the stomach to reduce capacity. The
remaining surgeries remove a portion of the intestines or reroute the intestines. These procedures
have been shown to drastically improve weight status [30] and significantly reduce all-cause,
cardiovascular, and diabetes mortality [31]. Bariatric surgery has also been shown to improve

body image, quality of life, and general self-efficacy, indicating several positive effects [29].

Surgical interventions, while effective, present several drawbacks. First, procedural costs
average $14,389/surgery with a range of $7423-$33,541 [32]. Second, surgical complications,
such as pulmonary complications, hernias, and fistulas, occur infrequently [33]. Nutritional
complications, however, occur more frequently due to the malabsorptive nature of the bypass
surgery [33]. Various vitamin and mineral deficiencies, including Calcium, Iron, and B-vitamins
are common. As such, patients require lifetime supplementation in addition to increased protein
intake and a highly restrictive post-operative diet [34].

Virtual programming

Above, in-person, surgical, and medical approaches to obesity treatment were discussed.



In the following paragraphs, the accessibility, effectiveness, sustainability, and challenges of
virtual obesity interventions will be discussed. The number of virtual programming and mobile
health (mHealth) applications has increased substantially as the rates of adult and pediatric
obesity rise. Over 300,000 mHealth applications targeting dieting and weight loss are now
available, with some like MyFitnessPal being downloaded 50 million times [35]. Unlike in-
person programming, virtual programming offers a lower cost intervention and the ability to
reach traditionally hard-to-reach populations, such as low-income or minority groups. Pew
Research Center reports that over 80% of the US adult population owns a smartphone, over two-
thirds of adults earning <$30,000 own a smartphone, and nearly 80% of Hispanic and African

American adults own a smartphone [36].

A 2020 review by Ghelani et al. showed applications have led to significantly greater
weight losses in adult populations with overweight, obesity, metabolic syndrome, and diabetes
[37]. Meta-analyses have shown that in randomized controlled trials utilizing mobile applications
as a standalone treatment or supplementary treatment, participants who use the mobile
application lose significantly more weight than those in a control group [38, 39]. This effect was
most substantial in obese populations and in studies where the mobile application was a part of

the treatment, not a standalone intervention.

Mobile applications developed commercially and by academia contain a variety of
different strategies: self-monitoring of diet, exercise, sleep; goal setting; healthy eating support
through information or skill development; physical activity support; social support; health
assessment; motivational support; and personalized feedback [40]. The most common strategy is
self-monitoring [40], such as through calorie counting. While a simple calorie counting

application (MyFitnessPal) alone did not lead to substantial weight changes [41], self-monitoring



applications with education and feedback components did lead to significant weight losses in
comparison to paper journals and usual care [42-44]. These studies support the need for a weight

management application that is supplemented by additional interventions.

The limited sustainability of weight loss plagues current programs. Mobile application
studies for weight loss are often on the scale of weeks to months, rather than years like Look
AHEAD, making sustainability difficult to assess. However, an application that successfully
induces weight losses is theoretically more sustainable than in-person interventions because
applications are 1) accessible at any time and place increasing their convenience; 2) more
empowering to consumers because information to make health decisions is at their fingertips;
and 3) longer lasting because in-person programming typically has a timeline of months to years,
whereas a mobile application could be used over a lifetime. Applications specifically targeted for
weight maintenance after losses of greater than 5% initial bodyweight have shown success in
sustainability. For example, the MotiMate application prompted users to track their daily weight,
food intake, physical activity, and mood. Participants did not experience significant regain in the
24-week period [45]. While it is currently unclear that weight lost via mobile application-
mediated programs is more sustainable, it has been shown that these programs achieve greater

retention and treatment adherence than their non-technological counterparts [42, 43].



CHAPTER 3. Individualized Dietary Improvement Program 2

Introduction
The iDip study was designed to help participants develop a sustainable weight loss diet

through education, counseling, and self-experimentation. iDip 2 builds off the success of iDip 1
where participants underwent a similar intervention and lost a mean 5.35% bodyweight (n=12).
From iDip 1 to iDip 2, we revised the education materials, and the following items were added:
periodic body composition, longer follow-up period (6 months vs. 12 months), and short
homework and feedback assignments. The objectives of iDip 2 were to 1) increase the success
rate and magnitude of weight loss, and 2) identify factors that differentially affect weight loss
success rates.

Within the project, I had the following responsibilities: develop and present session
materials, counsel participants, data collection and analysis, serve as the institutional review

board contact, and communicate with participants during the one-year follow-up period.

Methods

This study was approved by the University of Illinois Urbana-Champaign Institutional Review

Board, #18069. The study was registered at the US National Institutes of Health

(ClinicalTrial.gov) #NCT04605653. Informed consent was obtained from all participants

included in the study.

Study Design
iDip 2 is a two year before and after weight loss intervention trial. The first 12 months,

March 2019-March 2020, of iDip 2 consisted of 19 group educational sessions and three
individual advising sessions. Curriculum and timeline is detailed in Table 1. Education sessions
were 50 minutes long and consisted of a 30-minute lecture, skill-building activities, and
discussion. After each session, participants submitted a feedback and homework assignment via

the secure Box (https:/www.box.com/home, Redwood City, CA) where instructors




communicated about weight loss difficulties and food choices. Year two is a follow-up period
focused on weight maintenance where participants report weights daily. While year two did not
have any formal educational sessions, participants were contacted weekly by their adviser with
motivational messaging and their weight progress charts (Figure 1). Participants were
encouraged to frequently communicate with their adviser and seek advice as needed. Participants
struggling with non-dietary barriers to weight loss, such as stress, were offered the opportunity to

meet with the iDip social work team led by Dr. Janet Liechty.

Recruitment

Participants were recruited via University of Illinois electronic staff newsletters, posters
in campus buildings, word-of-mouth, and flyers in Carle Foundation Hospital physician offices.
Utilizing the standard deviation from previous studies [46-48], a power calculation was
performed for 95% confidence. A sample of at least 19 was needed. To account for attrition, 30

participants were recruited.

Prospective participants contacted investigators and received a detailed description of the
study. Interested participants completed a consent form and medical history form prior to
meeting with investigators. Selected participants attended a meeting with investigators where
baseline anthropometrics were measured. Inclusion criteria: aged 18-70 years old, overweight or
obese BMI (BMI>25 kg/m?; BMI>23 kg/m? if Asian), not pregnant or lactating, Wi-Fi and
smartphone access, no self-reported severe metabolic, cardiovascular, or musculoskeletal
problems; not using insulin injection, willing and able to attend 22 dietary improvement sessions,
lose > 9.1 kg (20 Ib) and maintain the loss, and self-weigh daily for 24 months; and fluent in
English speaking and writing. Exclusion criteria included failure to submit the food frequency

questionnaire and set up Wi-Fi enabled scale.



Outcome Measures
Anthropometrics

Participants self-weighed daily on a WiFi-enabled scale (Withings, Issy-les-Moulineaux,
France). These weights were transmitted to researchers who compiled a weekly weight trend
chart (Figure 1). At zero, six, and 15 months, we collected body composition, height, weight, hip
and waist circumference. Height was measured to the nearest 0.64 cm (0.25) with shoes
removed using a stadiometer (Seca 700, Hanover, MD, US), and weight was measured to the
nearest 0.05 kg (0.1 1b) on the same instrument. Waist and hip circumference were measured to
the nearest 0.1 cm using a standard, retractable measuring tape (Gulik II, Gay Mills, WI, US).

For the complete study timeline, including outcome measures, see Table 1.

Body Composition
Body composition was measured at baseline, six months, and 15 months via electrical

impendence (InBody USA, Cerritos, CA, US). Measurements at 15 months were initially
scheduled to occur at 12 months but were delayed due to the US SARS-CoV-2 outbreak. To
accommodate those with virus-related concerns, the measurements at 15 months were optional

and not fully representative of the cohort.

Dietary record collection

At baseline (pen-and-paper format) and 12 months (electronic format), a food frequency
questionnaire (FFQ) was administered. The FFQ was modified from the European Prospective
Investigation of Cancer (EPIC)-Norfolk questionnaire [49]. 24-hour dietary records were
administered using a pen-and-paper format six times. 24-hour dietary records were analyzed, and
feedback was provided to participants in a Protein-Fiber plot [50] (Figure 2). The US
Department of Agriculture National Nutrient Database for Standard Reference

(https://fdc.nal.usda.gov/) and manufacturer information were used to calculate protein and fiber

density.
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24-hour dietary records were also separated into their individual protein and fiber
compositions based on van Baak et al. [51], using: cereal [52] and non-cereal fibers (NCF),
cereal and non-cereal proteins (NCP), red meat protein, poultry protein, fish protein, egg protein,
and dairy protein. Further calculations were: total plant protein (TPP), sum of cereal and NC
protein; total animal proteins [53], sum of red meat, poultry, fish, egg, and dairy proteins; total
meat protein (TMP), sum of red meat and poultry proteins. Mixed foods were estimated in their

composition. TAP and TPP were used in correlation analysis as a percentage of total protein.

Cost Analysis
The iDip program’s costs were estimated based on dietitian-labor hours based on an

hourly salary of $29.97 [54]. Research-related cost, facility cost, and employee benefits cost
were excluded from this estimate. When comparing to past programs, costs were inflated to the
March 2020 USD, time of conclusion for iDip, according to the US Bureau of Labor Statistics

Consumer Price Index Inflation Calculation (https://www.bls.gov/data/inflation_calculator.htm).

All program-specific dietitian labor was included in this estimate: session delivery (19 sessions
delivered three times each), individual advising (three 30-minute sessions/person), weight chart
updates and weekly messaging (one message and chart/week/person), dietary assessments (pre-
and post-intervention FFQ and six 24-hour dietary records), anthropometrics and body
composition measurements at baseline, six months, and 15 months, and summary reports at
baseline, six months, and 15 months. Wi-Fi-enabled scales were also factored into the program
cost. One scale costs $59.95, and with a 10% replacement cost, each scale costs $65.95, and one
scale was needed per participant. Scales provided to participants who later left the program were
not factored into the cost because the scales were returned to the research team for future

program use.
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Statistical Analysis

Descriptive analysis was used to summarize demographic characteristics. Weight loss of
>5% from the baseline was considered successful as it has been shown to reduce health risks
associated with obesity [55]. Participants were divided into three groups based on the weight loss
of 12 months; top, middle, and bottom tertiles. Paired and unpaired t-test analyses determined the
pre- and post-intervention differences in outcome measures. Pearson correlation analyses were
performed to determine associations between body weight, protein density, and fiber density.
Chi-square analysis was used for the frequency of daily weighing. All statistical and food records
analyses were performed using Microsoft Office Excel 2016 or R Computing (Version 3.6.1

© 2019), and p<0.05 was considered statistically significant.

Results

Participants
At baseline, 30 participants (19 females) were enrolled with demographics listed in Table

2. The mean age was 49.3 (SD=11.7) years, and the mean BMI was 37.3 (6.1) kg/m?. Enrolled
participants had medical histories of skeletal problems (50% of enrolled participants),
hypercholesterolemia (46.7%), hypertension (33.3%), sleep apnea (33.3%), irregular periods
(30% of enrolled females), depression (26.7%), type 2 diabetes mellitus (26.7%), thyroid
problems (20%), kidney problems (10%), muscle pain (6.7%), osteoporosis (6.7%), nonalcoholic
fatty liver (3.3%), hyperlipidemia (3.3%), polycystic ovary syndrome (3.3%). Participants had a
mean number of 2.3 (1.2) dieting experiences, including Weight Watchers (43.3%), low-
carbohydrate or ketogenic diet (30%), research study weight programs (13.3%), South Beach
Diet (10%), measuring foods (6.7%), Nutrisystem (6.7%), Ideal Protein (6.7%), calorie counting
(6.7%), Intermittent fasting (6.7%), Daniel Plan (3.3%), Paleo diet (3.3%), 21-Day Diet (3.3%),

Jenny Craig (3.3%), Health Management Resources (3.3%), low-fat diet (3.3%), salad-based diet

12



(3.3%), no fast food (3.3%), low-caloric diet (3.3%), reduced meat consumption (3.3%),
Precision Nutrition (3.3%), 4-Day Diet (3.3%), Weight Down Diet (3.3%), Glycemic Index Diet

(3.3%), Trim Healthy Mama Diet (3.3%), no sugar (3.3%), and protein shakes (3.3%).

Retention
At 12-months, 22 participants (73.3%, 13 females) were enrolled in the study.

Participants were considered enrolled if they continued to self-weigh and completed the exit
survey. Two male and six female participants dropped out due to familial health complications

(1), travel (1), loss of motivation (3), too busy (1), and lost to follow-up (2).

Anthropometrics and Weight Change
For all completing participants (n=22 for weight, a subset of n=15 for body composition),

the mean percentage of body weight loss was -6.49 (8.37)% (Figure 3). From baseline to 12
months, weight significantly decreased (106.37 kg vs. 99.69 kg; mean at each timepoint;
p<0.001). Mean BMI change was -2.33 (3.0) kg/m? (37.29 kg/m? vs. 34.96 kg/m?; p<0.001) at 12
months. Cohen’s d for 12-month weight changes was -0.30, indicating a small to medium effect
for reducing weight.

Weight loss progress primarily occurred in the first six months of the program. From
baseline to 6 months, weight significantly decreased (106.4 kg vs. 100.4 kg; p<0.001). Small,
insignificant weight losses occurred from six to 12 months (100.4 kg vs. 99.6 kg), and 10
participants (45%) gained weight. Participants who gained weight during this period gained a
mean of 2.4 (2) kg. From six to 15 months, insignificant weight loss occurred (100.4 kg vs. 100.2
kg), and 11 participants (50%) gained weight. Participants who gained weight in this period
gained a mean of 3.1 (3) kg.

Two participants reached a BMI<25 kg/m?; five participants (23%) lost >10% initial

bodyweight; nine participants (41%) lost >5% initial bodyweight and were successful in
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achieving clinically significant weight loss. Of the thirteen unsuccessful participants, eleven
participants did not reach 5% weight loss during the 12 months. However, seven participants of
those eleven participants steadily had lost weight after six months (Figure 3). Two participants
had achieved 5% weight loss but regained the lost weight after six months (Figure 3).

Figure 4 revealed a large divergence in weight loss outcome at 12 months between the
top-tertile and bottom-tertile groups. The top-tertile (n=7) achieved a significant weight loss
from the baseline reaching -15.1 (10.0)% (p=0.003), while the bottom-tertile (n=7) lost -0.3
(2.7% (p=0.79) (Figure 4).

Body Composition and Anthropometric Changes
Fifteen participants (68%) completed body composition and anthropometric

measurements at baseline, six months, and 15 months (Table 3). No significant changes in fat
mass (FM; p=0.11, six months; p=0.09, 15 months) or skeletal muscle mass (SMM; p=0.40, six
months; p=0.36, 15 months) were seen from baseline to six and 15 months. SMM loss was
minimal with a mean change of -1.26 (1.32) kg, and 1.21 (1.23)% bodyweight loss was due to
SMM at 15 months. Weight loss due to fat mass 7.05 (7.89)% at 15 months. The overall
bodyweight reduction at 15 months was -8.51 (8.01)% (n=15). Minimal reduction of SMM
substantiates the safety of our dietary approach (Table 3). Waist circumference decreased
significantly from baseline at 15 months (115.0 cm vs. 105.7 cm, p<0.001), however, hip
circumference did not significantly differ at any time point (Table 3). Cohen’s d for change in

waist circumference at 15 months was -0.85, indicating a large effect size.

Dietary Change
Protein and fiber density significantly increased from the baseline 24-hour record (5.02

g/100 kcal and 1.41 g/100 kcal, respectively) to records two (6.39 g/100 kcal and 1.74 g/100

kcal, respectively) and three (6.05 g/100 kcal and 1.81 g/100 kcal) and four (6.05 g/100 kcal and
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1.78 g/100 kcal) (p<0.05) (Figure 5). No further significant protein density increases were seen,
however, fiber density significantly increased at record five (1.89 g/100 kcal) (Figure 5). All
mean record values were within the weight maintenance box. Caloric intake, measured by
kcal’kg of bodyweight, significantly decreased from baseline (18.22 kcal/kg) at records two
(15.38 kcal/kg) and three (16.45 kcal/kg) (p<0.05) (Figure 6). No further reductions in caloric
intake occurred after six months, where weight losses simultaneously slowed.

FFQs were administered at baseline and 12 months to capture habitual dietary intake
(Figure 5). Protein density significantly increased (4.7 g/100kcal vs. 5.9 g/100 kcal; p<le-6).
Fiber density also significantly increased (1.3 g/100kcal vs. 1.6 g/100 kcal; p<0.001). Caloric
intake, measured as kcal’kg of BW, significantly decreased from baseline to 12 months (21.9
kcal/kg vs 17.0 kcal/kg; p<0.001) (Figure 6). Intake of “red food items”, or foods low in protein,
fiber, or both, measured as kcal/kg of BW, significantly decreased from baseline to 12 months

(8.1 kcal/kg vs. 3.6 kcal/kg; p<le-4) (Figure 6).

Dietary Factors for Weight Loss

Protein and Fiber
Using the average of 24-hour records at multiple timepoints, fiber density was

significantly correlated with percentage weight loss (p=0.004; Figure 7a; n=22). Protein
density’s correlation with percentage weight loss was insignificant (p=0.06; Figure 7b; n=22).
However, protein density, using the FFQ, had a significant inverse correlation with energy intake
from red food items (kcal/kg; p<le-4; Figure 7g, h; n=22). Fiber density, using 24-hour records
and FFQs, did not significantly correlate with measures of energy intake.

Fiber density was significantly and inversely correlated with loss of FM (p<0.01; Figure
7¢; n=15). Higher protein density correlated to greater SMM loss (p<0.05; Figure 7d; n=15),

which is unexpected as we hypothesized higher protein density would correlate to reduced SMM
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loss. However, our sample size was small, and not all participants lost weight, weakening this
statistic. Both average protein and fiber density had a significant inverse correlation with change

in waist circumference (p<0.02; Figure 7e, f; n=15).

Protein and Fiber Type
