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Abstract

Background: Currently available behavioral and dietary weight-loss programs lack
magnitude and sustainability compared with bariatric surgery. A novel dietary
weight-loss program was developed to assist participants in achieving sustainable
diet changes by building knowledge and skills in food self-selection. Although the
approach worked, a large variation was observed in outcome among participants.
Objective: Determine factors affecting weight-loss outcomes among participants to
further improve the efficacy of the program.

Methods: Participants attended 19 dietary educational sessions during a 1-year
intervention which included prescribed homework. Changes in weight, diet, and
body composition were assessed.

Results: Participants (n = 22) achieved mean body weight loss of —6.49(8.37%,
p < 0.001) from baseline at 12 months. Nine participants (41%) achieved weight loss
>5% of initial bodyweight; two reached a Body Mass Index 25 kg/m? A large
divergence in weight loss among participants was observed; successful (n = 9)
achieved —12.9(9.6)% while unsuccessful achieved —2.03(2.78)%. Dietary protein
and fiber density by 24-h records showed a significant and inverse correlation with
weight loss (%) throughout the program. Weight loss at 3 months and 12 months
showed a strong correlation (r = 0.84). Participants with self-reported depression
lost significantly less weight than those without depression at 12 months (p < 0.03).
Conclusions: Divergence in weight-loss outcomes among the participants is likely
due to a difference in successful dietary implementation. Intra-cohort analysis in-
dicates early weight-loss success and early dietary implementation was predictive of

long-term success.
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1 | INTRODUCTION

Weight loss can reduce the risk of obesity-related comorbidities.'™
However, available dietary weight-loss programs, including commer-
cialized diets, very-low-calorie diets, and academia-developed pro-
grams, are insufficient in the magnitude of weight loss and
sustainability of lost weight.®”® To the best knowledge of the Indi-
vidualized Diet Improvement Program (iDip) group, only one study
demonstrated the major reversal of type 2 diabetes lasting for 2 years
using a ketogenic diet.!%** Outcomes of behavioral weight loss are
similar to dietary weight loss in magnitude and sustainability. Only
modest weight loss and health benefits are expected from behavioral
intervention, and the benefits decline in subsequent years as weight
regain commonly occurs.%>”1213 |n pharmacotherapy, stable GLP-1
analogs showed a higher magnitude of weight loss than dietary,
behavioral, and other weight loss medications.”** Although the
magnitude of weight loss of the GLP-1 analogs is promising, rapid
weight regains occurred after the termination of medication.'* This
underscores that sustainable behavioral and dietary changes are
required to maintain lost weight. Moreover, without proper dietary
changes, a prolonged GLP-1 analog medication that reduces food
intake would result in deficiency in both macro- and micronutrients.
As such, bariatric surgery remains the most effective treatment of
obesity and its comorbidities.” A reduced stomach size by bariatric
surgery forces reduced calorie intake and dietary changes, resulting in
sustainable weight loss.

A long-term goal of the iDip group is to develop a dietary weight-
loss program that can reduce an efficiency gap between dietary/
behavioral weight loss and bariatric surgery. As the first step toward
this goal, the iDip group created a prototype of a novel weight-
management program and tested its feasibility.!> The premise of
iDip's approach is that a sustainable dietary change, which varies
among individuals, must be achieved to maintain a healthy weight for a
lifetime. The main innovative approaches employed in iDip were
twofold. First, most part of the program was dedicated to building the
ability to select food based on quantitative nutrient information of
individual foods. Second, Protein-Fiber (PF) plot, a one-of-a-kind
quantitative data visualization tool, was utilized to develop the abil-
ity of informed decision making in food selection. The program assists
participants in developing knowledge of key nutrients to create a
personalized, safe, and effective weight-loss diet. This approach uses
intensive dietary education sessions allowing participants to build
knowledge and skills from the ground up to create their weight-loss
diet with maximum flexibility. This approach is in contrast with
commonly used dietary and behavioral approaches such as strict di-
etary regimens, dietary weight loss products, weight loss medications,
exclusion of certain food groups, and reduction in portion size of foods,

2368912 However,

all of which are intended for easy implementation.
these approaches bypass the development of lasting cognitive and
behavioral flexibility and self-efficacy in selecting healthy foods.
Consequently, weight loss using these approaches often plateaus by
6 months, and participants suffer from weight regain after weight

loss.2358912 The iDip program does not employ these shortcuts but

focuses on helping individuals discover a safe and effective weight loss
diet by self-experimenting with various dietary iterations. The
knowledge and skills developed during the weight-loss period will
serve as the foundation for subsequent, sustainable weight
maintenance.

A well-designed, 2-dimensional data visualization is a very
effective way to interpret and utilize a quantitative dataset.*® The
iDip utilizes the PF plot as a key tool for participants to develop
knowledge and skills for making informed food selections (Figure S1).
The PF plot was developed and tested for its efficacy as a data-
visualization tool to easily compare quantitative nutrient values of
menu items.” When a menu was displayed in the PF plot at a
restaurant, customers chose healthier items compared to when there
was no provision of nutrition information. In contrast, there was no
improvement in food choice when identical nutrient information was
presented in the Nutrition Facts Panel, demonstrating easy com-
parison among menu items was critical to make an informed deci-
sion.}” Using the PF plot, iDip participants created an individualized
weight-loss diet starting from foods they habitually eat by increasing
protein and fiber intake while reducing energy intake simulta-
neously.'® Strong evidence supports that increasing protein intake
per healthy body weight and decreasing energy intake simulta-
neously is required to optimize the safety and effectiveness of weight
loss diet.*®? This optimization cannot be achieved by simple portion
size reduction or calorie counting because when calorie intake is
decreased, protein intake also decreases in these approaches. The PF
plot enables creating a meal with increased protein and decreased
energy by setting a target range of protein/calorie values. Moreover,
the focus of the PF plot on protein and fiber prepares individuals for
an effective weight maintenance diet because clinical and epidemi-
ological studies have shown that sufficient protein and fiber intake
reduces energy overconsumption during weight maintenance.2°-22
The iDip also replaced daily calorie counting with the provision of a
weekly weight chart based on daily weighing for participants to
visualize their progress and monitor energy balance (Figure 52).1°

The participants of the feasibility study (iDip1) achieved clinically
significant weight loss. However, large variations in weight-loss
outcomes were observed among participants. Also, limitations
included a short follow-up period (six months) and the lack of body
composition measurements.’® As such, the objective of this study is
to identify factors that affect the weight-loss outcome of participants
using intra-cohort variation analysis. Here, the first 12-month out-

comes for the revised iDip2 program are reported.

2 | METHODS

2.1 | Recruitment

Participants were recruited via University of lllinois Urbana-
Champaign (UIUC) electronic staff newsletters, posters in campus
buildings, word-of-mouth, and flyers in Carle Clinic (Champaign, IL

USA). The primary objective of this study was to determine
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correlations between weight-loss outcomes and dietary changes. The
previous feasibility study® showed that the correlation R? between
weight loss and protein/calorie by food frequency questionnaire
(FFQ) and 24-h record were 0.32 and 0.17, respectively. Based on the
R? the sample size for 95% confidence was 24.5. Assuming an
attrition rate of 20%, 30 participants were recruited.

Prospective participants contacted investigators and received a
detailed description of the study. Interested participants completed a
consent form and self-reported medical history form prior to meeting
with investigators. Participants attended individual meetings with
investigators where baseline anthropometrics were measured. In-
clusion criteria were: aged 18-70 years old; Body Mass Index (BMI)
>25 kg/m? (BMI >23 kg/m? if Asian); not pregnant or lactating; WiFi
and smartphone access; fluent in English speaking and writing; no
self-reported severe metabolic, cardiovascular, or musculoskeletal
problems; not using insulin injection; willing and able to attend 22
dietary improvement sessions; have a goal of losing >9.1 kg (20 Ib)
and maintaining the loss; and willingness to self-weigh daily for
24 months. Exclusion criteria included failure to submit baseline
documents and set up WiFi-enabled scale. Other than a WiFi scale,

no other compensation was offered.

2.2 | Study design

iDip2 study follows a similar design to iDip1, a non-randomized,
single-arm, before-and-after study design, which is suitable for
analyzing the intra-cohort correlations between dietary and other
factors and weight-loss outcomes.!® iDip2 is a 12-month intervention
with an additional 12 months of follow-up. iDip2 consisted of 19 in-
person group educational sessions and three individual advising
sessions. Three identical educational sessions were delivered by
registered dietitian nutritionists (RDNs) each week at UIUC. Partic-
ipants were assigned to one of the three identical sessions but could
attend any of the sessions as their schedules allowed. The curriculum
is described in Table S1. Education sessions were 50-min long and
consisted of a 30-min lecture and 20 min of skill-building activities
and discussion. After each session, participants submitted a home-
work assignment via the secure Box (https://www.box.com/home,
Redwood City, CA). Using Box, RDNs communicated about food
choices and difficulties in weight loss that participants were facing.
Using the individual's PF plot and weight chart, the RDNs reviewed
weight and dietary progress with participants and advised them

accordingly during in-person individual advising sessions.

2.3 | Dietary intervention

The approach to dietary intervention was described previously®®
with slight modifications. The PF plot and the weekly weight chart
were provided as primary tools to assist participants in developing
their own weight loss diet. The PF plot (Figure S1) was used

throughout the session materials as well as for all dietary analysis
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and for advising participants. The PF plot displays two target boxes
to guide participants to reach protein and fiber density goals derived
from the Acceptable Macronutrient Distribution Ranges and
Adequate Intakes.'>'” One box is a weight-loss box with a protein
range of 7-11 g/100 kcal and a fiber range of 1.8-3.2 g/100 kcal and
the other is a weight-maintenance box with a protein range of 4-8 g/
100 kcal and a fiber range of 1.4-2.8 g/100 kcal (Figure S1). The
weekly weight chart allowed participants to self-monitor energy
balance without relying on calorie counting (Figure S2).

iDip 2 further incorporated weight-management strategies to
solve shortcomings identified in iDip1l. After each session, partici-
pants completed homework assignments and received feedback from
RDNs to implement further dietary changes. The follow-up period
was extended up to 12 months after completing all sessions to track
the sustainability of weight loss. Monitoring body composition with a
bio-impedance device was incorporated to monitor the loss of fat

mass and skeletal muscle mass.

3 | OUTCOME MEASURES

3.1 | 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. At baseline,
6, and 15 months, height, weight, and hip and waist circumference
were collected. Height was measured to the nearest 0.64 cm (0.25”)
with shoes removed using a stadiometer (Seca 700, Hanover, MD)
and weight was measured to the nearest 0.05 kg (0.1 Ib) on the same
instrument. Waist and hip circumference were measured to the
nearest 0.1 cm using a standard, retractable measuring tape (Gulik I,
Gay Mills, WI) by trained investigators.

3.2 | Body composition

Body composition was measured at baseline, 6, and 15 months by an
electrical impendence method using InBody 270 (InBody USA, Cer-
ritos, CA, US). Measurements initially scheduled at 12 months were
delayed to 15 months due to the SARS-CoV-2 pandemic in 2020. To
accommodate those with virus-related concerns, the body composi-
tion and anthropometric measurements at 15 months were optional

and not fully representative of the cohort.

3.3 | Dietary intake

At baseline and 12 months, a FFQ was administered to assess
changes in habitual diet. At baseline, it was administered via pen-and-
paper; however, due to the pandemic, it was administered electron-
ically at 12 months. The FFQ was modified from the EPIC-

Norfolk questionnaire and was previously reported.*>?% Written
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self-reported 24-h dietary records were collected six times (1, 3, 4, 6,
7, and 12 months). Dietary records were analyzed, and individualized
feedback was provided to participants in a PF plot for dietary guid-
ance. 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.

3.4 | Exit survey

At 12 months, a 30-question survey was administered online via
WebTools software (Web Services, UIUC) to evaluate and identify
the strengths and weaknesses of the iDip program from the partici-
pants' perspectives. Questions were open answers, Likert scales, or
checkboxes. Open-answer questions requested qualitative feedback
and improvement suggestions; Likert scale questions addressed
personal gain, program and content, homework and feedback, and
overall thoughts; check box questions identified the most and least
useful parts of the program. The seven-point Likert scale used had
the following options: 1: Strongly disagree; 2: Disagree; 3: Somewhat
disagree; 4: Neutral - Neither agree nor disagree; 5: Somewhat agree;

6: Agree; 7: Strongly agree.

3.5 | Statistical analysis

Descriptive analysis was used to summarize demographic charac-
teristics. Weight-loss of >5% from the baseline was considered
successful as it has been shown to reduce health risks associated with
obesity.?* Paired t-test analysis was used to determine time-course
differences in outcome measures. An unpaired t-test was used to
analyze the effects of self-reported comorbidities, gender, and age
groups (18-49 and 50-64 + years old) on the weight-loss outcome.
Correlation analyses were performed to determine associations
among bodyweight, protein density, and fiber density. The associa-
tions between bodyweight and survey scores were evaluated using
correlation analyses. Differences in daily weighing were evaluated
using analysis of variance (ANOVA) with weight-loss outcomes as the
grouping variable. The values for weighted fat mass loss (kg)/
weighted body weight loss (kg) at 15 months were obtained by
multiplying the weight factor with the ratio of fat loss (kg) to weight
loss (kg). The weight factor was derived by dividing individual weight
loss (kg) by the total weight loss of the sample size of n = 14. Out-
comes were analyzed using intention-to-treat analysis, with missing
data replaced by the latest available data carried forward, and
complete case analysis. Both analyses showed similar outcomes in
magnitude and statistical significance, and thus, the results of the
participants with complete data from measurement timepoints were
presented. All statistical and food records analyses were performed
with R Computing (Version 3.6.1 © 2019) using the “car” package for

ANOVA, “corrr” package for correlation, and “Hmisc” for correlation

matrix, or with Microsoft Office Excel 2016, and p < 0.05 was
considered statistically significant. Data are reported as mean (SD).

3.6 | Institutional approval

This study was approved by the UIUC Institutional Review Board
(#18069) and was registered at the US National Institutes of Health
(ClinicalTrial.gov) #NCT04605653. Participant recruitment started on
14 January 2019, and the follow-up period ended on 26 March 2021.

4 | RESULTS

4.1 | Participants

At baseline, 30 participants (19 females) were enrolled (Figure 1) with
demographics listed in Table 1. The mean age was 49.3(SD = 11.5)
years, and mean BMI was 36.9(6.3) kg/m2. Enrolled participants had a
mean of 3.3(2.1) comorbidities. The most prevalent self-reported
comorbidities included hypercholesterolemia (53.3%) and skeletal
problems (46.7%), followed by hypertension (33.3%) (full list in
Table S2). Participants reported having prior dieting experiences,
including Weight Watchers (43.3%), low-carbohydrate or ketogenic
diet (30%), and research study weight programs (13.3%) (full list in
Table S2).

4.2 | Retention and attendance

At 12 months, 22 participants (73.3%) remained in the study
(Figure 1, Table 1). Participants were considered enrolled if they
continued to self-weigh and completed the exit survey. Eight par-
ticipants dropped out due to the following reasons: familial health
complications, travel,' loss of motivation,® too busy,' and unre-
sponsive to communications.? Of the 22 sessions, the mean atten-
dance was 19.3(2.8) (87.6%), and of the 19 homework assignments,
the mean completion was 13.6(2.8) (71.3%). Participants not able to
attend a regularly scheduled session were provided a one-on-one or
small group makeup session and an average of 2.5(1.8) makeup

sessions were given per participant (n = 22).

4.3 | Weight change

For all completing participants (n = 22 for weight), the mean per-
centage of body weight loss at 12 months was —6.49(8.36)%
(Figure 2A). From baseline to 12 months, mean weight significantly
decreased (106.4(21.6) kg versus 99.7(23.2) kg; p < 0.001). Mean
BMI change was —2.33(2.98) kg/m? (37.3 kg/m? vs. 35.0 kg/m?
p < 0.001) at 12 months.
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FIGURE 1 Flow diagram of study [ Enroliment

participants.

] Assessed for eligibility (n= 69)

Excluded (n= 39)
—» ¢ Not meeting inclusion criteria (n= 35)
¢ Declined to participate (n=4)

Non-Randomized (n= 30)

v

[ Allocation

] Allocated to intervention (n= 30)

+ Started intervention (n= 30)

[ Follow-Up

] v

Lost to follow-up (n=2)

Unresponsive to communications (n=2)
Discontinued intervention (n= 6)
Family health complications (1)

Travel (1)

Loss of motivation (3)

Too busy (1)

* S 6 6 o o

[ Analysis

v
] Analyzed participants who completed

Large differences in weight-loss outcomes at 12 months were
observed between the successful (weight loss of >5%) and unsuc-
cessful (weight loss of <5%) groups (Figure 2A). Successful (n = 9)
achieved a significant weight loss from the baseline reaching —12.9
(9.6%, p = 0.002) while unsuccessful (n = 13) lost —2.03(2.78%,
p = 0.02).

4.4 | Body composition and anthropometric
changes

Of 22 participants, 14 (64%) completed body composition and
anthropometric measurements at all three timepoints: baseline, six
months, and 15 months (Table 2). Eight participants lost >5% initial
bodyweight, achieving clinically significant weight loss (Figure 2B).
Among them, four participants lost >10% initial
(Figure 2B), and two participants reached a BMI <25 kg/m?. Of 8

successful participants, 7 achieved weight loss largely from losing fat

bodyweight

mass (Figure 2B). Fat mass significantly decreased at six months
(p = 0.0003) and 15 months (p = 0.004). Mean loss of skeletal muscle
mass was —1.26(1.32) kg or —1.21(1.23)% of bodyweight at 15 months
(p = 0.003), whereas the overall bodyweight reduction at 15 months
was —8.39(7.81) kg or —8.41(8.30)% (n = 14). Waist and hip circum-
ference decreased significantly from baseline at 15 months (Table 2).
Lean body mass in both successful (weight loss of >5%) and unsuc-

cessful (weight loss of <5% groups were well-preserved (Table 2).

4.5 | Dietary changes

Increasing dietary protein and fiber intake while reducing caloric

intake are the pillars of the iDip program. Protein and fiber density

the intervention (n=22)

significantly increased from the 24-h record at 1 month (5.14 g/
100 kcal and 1.33 g/100 kcal, respectively) to 3 (6.36 g/100 kcal
(p=10.007) and 1.73 g/100 kcal (p = 0.03), respectively) and 4 months
(5.95 g/100 kcal (p = 0.03) and 1.82 g/100 kcal (p = 0.01), respec-
tively). No further significant protein density increases were seen
following 3 months, however fiber density significantly increased
from 1 month at 6 months (1.83 g/100 kcal) and 7 months (1.92 g/
100 kcal) (Figure 3). Calorie intake was reduced to about 1500 kcal/
day at 3 months and later. Protein density assessed by the FFQ
significantly increased from baseline to 12 months (protein: 4.7 g/
100 kcal to 5.9 g/100 kcal). Fiber density also significantly increased
from baseline to 12 months (1.3 g/100 kcal to 1.6 g/100 kcal)
(Figure 3). A complete dietary dataset of protein, fiber, and calorie
intake at different time points is presented in Table S3.

4.6 | Exit survey

The survey results are summarized in Table S4. Four questions
related to satisfaction with the program were inversely correlated
with weight loss at 12 months (r = —0.5, p = 0.02). Some participants
gave a low score to PF plot understanding, but a correlation between
PF plot understanding and weight loss was not significant (r = —0.31,
p = 0.15). A mean score on homework assignments showed some
participants felt the assignments were not helpful. The most useful
sessions were “Starting Weight Loss” (31.8% of responded partici-
pants), “Establishing Routine” (31.8%), and “Individual Advising”
(27.3%), and the least useful were “Peer Experience Sharing” (36.4%),
“Trouble Shooting for Slowing Down” (31.8%), and “Introduction to
Weight Maintenance” (27.3%). The session on weight maintenance
was held at 6 months, when many participants were not in the

weight-maintenance phase and, thus, did not find the session useful.
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TABLE 1 Baseline demographics for the iDip 2 study.

Enrolled
participants Completers
(n = 30) (n = 22)
Sex, number (%)
Male 11 (36.7) 9 (40.9)
Female 19 (63.3) 13 (59.1)
Age, number (%)
18-29 1(3.3) 1 (4.6)
30-49 16 (53.3) 11 (50.0)
50-64 10 (33.3) 8 (36.4)
64+ 3(10.0) 2(9.1)
Mean age (SD) 49.3 (11.5) 49.6 (12.2)
Education, number (%)
High school 8 (26.7) 6 (27.8)
Bachelor's degree 8 (26.7) 5(22.7)
Graduate degree 13 (43.3) 11 (50.0)
Unknown 1(3.3) 0 (0.0)
Ethnicity, number (%)
White 25 (83.3) 18 (81.8)
African American 4 (13.3) 3(13.6)
Asian 1(3.3) 1 (4.6)
BMI (kg/m?)
Mean BMI (SD) 36.9 (6.3) 37.3(6.1)
Previous weight loss attempts
Mean attempts (SD) 2.33 (1.18) 2.36 (1.18)
Comorbidities?
Mean 3.23 (2.06) 3.32 (2.15)

comorbidities (SD)

Abbreviation: BMI, Body Mass Index.

2Comorbidities include hypercholesterolemia, skeletal problems,
hypertension, sleep apnea, depression, irregular periods (female
participants only), type 2 diabetes mellitus, asthma, thyroid problems,
kidney problems, high blood lipids, previous cancer, muscle pain,
nonalcoholic fatty liver disease, and polycystic ovary syndrome.

5 | FACTORS AFFECTING WEIGHT-LOSS
OUTCOME

5.1 | Protein and fiber

A complete correlation matrix between diet and weight loss is pre-
sented in Figure 4. Protein and fiber densities were calculated using
the cumulative average of 24-h records up to 3, 6, and 12 months.
The levels of protein density at 3, 6, and 12 months showed a sig-
nificant inverse correlation with weights at the respective time-
points, indicating that participants with higher protein density diets
experienced greater weight loss (r = —0.62, p = 0.008; r = —0.57,

p = 0.018; r = —0.49 p = 0.044, respectively) (Figure 4 and 5B,C
and D).

The levels of fiber density at 3, 6, and 12 months also showed
significant inverse correlation with weights at the respective time-
points, indicating that participants with higher fiber density diets
resulted in greater weight loss (r = —0.64, p = 0.005; r = -0.61,
p =0.01;r = -0.64, p = 0.005, respectively) (Figure 4 and Figure 3A,
B, and C). The sum of protein and fiber density at 3, 6, and 12 months
correlated with weights at the respective timepoints (r = —0.69,
p = 0.002; r = —-0.69, p = 0.002; r = —0.64, p = 0.005, respectively)
(Figure 4). The sum of protein and fiber density was calculated by
dividing each value by 7 g/100 kcal and 1.8 g/100 kcal, respectively,
which are the targets of protein and fiber density for weight loss.

5.2 | Other factors for weight loss

Three-month and 12-month weight loss (%) had a strong correlation
(r=0.84, p < 0.001; Figure 5A), suggesting that weight loss during the
first three months was crucial for long-term success. An inverse cor-
relation was observed between percentage weight loss at 12 months
and session attendance, but it did not reach significance (r = —0.34,
p = 0.10). There was no trend for weight loss and homework
completion rate. Daily weighing frequency was not correlated with
weight loss.

The mean number of self-reported comorbidities was 3.3(2.2)
among participants who completed the program (Table 1). Among
completers, 54.6% had high blood cholesterol, 50% had skeletal
problems, 36.4% had hypertension, 36.4% had sleep apnea, and
31.8% had depression (Table 3). Participants with self-reported
diagnosis of depression lost less weight (n = 7, —2.43(3.59)%) than
participants with no depression diagnosis (n = 15, —8.39(9.34)%)
(b = 0.04). Weight loss (%) did not significantly differ between par-
ticipants with other comorbidities and without (high blood choles-
terol (p = 0.35), skeletal problems (p = 0.35), hypertension (p = 0.79),
and sleep apnea (p = 0.86) (Table 3). Furthermore, no significant
results were found between younger and older age groups (p = 0.13)
and gender (p = 0.73) in weight-loss outcomes (Table 3).

6 | DISCUSSION

The iDip was built upon two novel quantitative visual aids: the PF

plot for select nutrient values of food items in a diet*’

and the weekly
weight chart for energy balance and weight-loss progress. The
feasibility study showed that these visual feedback and education
sessions enabled participants to lose weight by creating their own
weight-loss diet.!® In the current study, the mean weight loss was
—12.9% for the nine participants who lost more than 5% of their
baseline bodyweight after 12 months, whereas the other 13 partic-
ipants failed to reach 5% of weight loss (mean —2.03%), exhibiting a
divergent response to the program among participants. Protein and

fiber densities were inversely associated with weight loss throughout
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FIGURE 2 (A) Percentage weight lost over
the course of 1 year. Participants are grouped
by the weight loss of >5% (n = 9) and <5%

(n = 13) at 12 months. Mean of all participants,
the successful group achieved significant
weight loss from baseline (p = 0.002) while the
unsuccessful failed to achieve 5% weight loss
(p = 0.02). (B) % body weight and fat mass lost
by individuals at 15 months.

TABLE 2 Changes in BMI, weight,
anthropometric measures, and body
composition over 15 months.
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Weight (%)

—All
-14 | ——Successful
——Unsuccessful

(B)

Waist circumference
Hip circumference
Waist: Hip ratio
Female (n = 7)
Male (n = 7)
Skeletal muscle Mass (kg)
Weight loss due to skeletal muscle Mass (kg)
Fat Mass (kg)

Weight loss due to fat Mass (kg)

Body weight loss (kg)

Fat mass loss (kg)

0 90 120 150 180 210 240 27Q,.3

Time (Days)

m Body Weight
m Fat Mass
Participants
Baseline 6 months 15 months®
114.6 (12.2) 107.9 (15.1)® 105.2 (12.9)®

123.5 (13.06)
0.93 (0.07)
0.88 (0.06)
0.99 (0.04)
33.8 (9.8)
N/A
42.6 (14.3)
N/A
n=14

117.7 (14.5)°
0.92 (0.09)
0.86 (0.06)
0.92 (0.09)
32.9 (9.6)*

-0.86 (0.87)
35.6 (14.7)*

—7.05 (5.36)

>5% (n = 8)

-87(7.8) -13.2(7.7)

-6.9 (7.2) -10.2 (8.0)

Fat mass loss (kg)/body weight loss (kg) 0.84
(0.33)
Weighted fat mass loss (kg)/weighted body weight 0.79

loss (kg)

0.70 (0.25)

0.78

Note: Unless otherwise stated, n = 14. Values are presented as mean (SD).

Abbreviation: BMI, Body Mass Index.

2Significantly different from baseline by paired and unpaired t-tests (p < 0.05).
PDelayed from 12 to 15 months due to US 2020 SARS-CoV-2 outbreak.

116.7 (15.2)*
0.91 (0.07)?
0.86 (0.02)
0.95 (0.06)?
32.5 (9.1)?

-1.26 (1.32)
35.7 (14.7)*

—6.92 (7.45)

<5% (n = 6)

-28
(1.15)

-2.5
(0.56)

1.03(0.37)

0.91
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FIGURE 3 The mean dietary protein and
fiber densities (g/100 kcal) of the pre-and post-
intervention food frequency questionnaires

10

(FFQs) (nh = 22) and six 24-h records (n = 17).
The final (at 12 months) FFQ was compared
with the baseline FFQ, whereas 24-h records
were compared with the record at one month
by a paired t-test. Significantly different in
protein density at *p < 0.05, **p < 0.01, and
***p < 0.001. Significantly different in fiber
density at §p < 0.05,§ §p < 0.01 and § &

0
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the program period. Other factors were identified that may affect
weight-loss outcomes in this participant-initiated weight-loss
program.

Preservation of lean body mass during weight loss becomes
important to improve overall health, particularly for people who
successfully lose >10% of baseline weight. As reviewed in the
introduction, increasing protein intake while decreasing calories must
be implemented to achieve the preservation of lean body mass.
Focusing only on calorie reduction without increasing protein intake
during weight loss results in a negative nitrogen balance.’® An
example is the Look AHEAD study, one of the most intensive
behavioral weight management intervention studies.’?> Despite a
large increase in physical activity in the treatment group, bone
density was significantly decreased at year 4.2° More than half of
weight loss from baseline was due to loss of lean body mass, indi-
cating insufficient protein intake among the treatment group.?®
Consistent with the body composition data, incidents of bone frac-
ture over 10 years were significantly higher in the treatment group.*?
The body composition analysis of the current study indicates that
lean body mass was well-preserved in the participants. Even in the
group that lost >5% of body weight, 78% of the weight loss came
from fat mass. Importantly, the participants were able to create
increased protein/calorie meals based on the feedback in the form of
the PF plot, not by using weight loss products or following recipes.
This indicates that the participants developed self-efficacy in
changing their diet to be healthier.

§p < 0.001.

3 3.5

In addition to preserving lean body mass, increased protein is
likely to improve the effectiveness of weight loss by accelerating fat
mass loss. A meta-analysis of 13 randomized controlled trials (RCTs)
of 12 weeks or longer demonstrated that a moderately high protein
diet (30.5(2.4)% protein, 1576(270) kcal/day) produces more favor-
able changes in body composition compared to a standard protein
diet (17.5(1.5)% protein, 1525(265) kcal/day).!? Preservation of fat-
free mass during weight loss in the moderately high protein diet
groups was significantly better than the standard protein groups,
—1.54 kg (ranging from —2.78 to 0.6 kg) and —2.18 kg (-4.06 to
—-0.3 kg), respectively.r’ Moreover, the moderately high protein
groups achieved significantly greater fat mass loss than the standard
protein groups, —6.2 kg (-9 to —1.65 kg) and —5.49 kg (-7.6 to
—0.64 kg), respectively.l? As intended, the participants in the current
study achieved changes in body composition and diets comparable to
the results seen with a moderately high protein diet, as the partici-
pants lost —7.1(5.4) kg fat mass, and minimal reduction of skeletal
muscle mass, —0.9(0.9) kg at 6 months. The mean protein intake of
the participants was 22.9(5.0)% and the mean calories was 1582(383)
kcal/day based on the four 24-h records during six months. In
contrast to the previous studies that relied on the provision of pre-
pared meals or strict recipes to follow,'? this study demonstrated
that the participants were able to create their own safe weight-loss
diet by increasing protein while reducing calorie intake.

A difference in the mean weight loss between iDip2 participants
(n = 22) and iDipl participants (n = 12)*° at 12 months was
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Weight.12
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FIGURE 4 Correlation matrix demonstrating the interrelationship among weight loss, protein and fiber density, and the sum of protein
and fiber density at 3 months, 6 months, and 12 months. Cumulative 24-h records were used at 3, 6, and 12 months. Positive correlations are
displayed in blue and negative correlations in red. *p < 0.05, **p < 0.01, ***p < 0.001.

small, —6.49(8.37)% —5.35(5.78)%, and nonsignificant

(p = 0.64). The lack of improvement in the magnitude of weight loss

versus

can be partly attributable to a large divergence in the weight-loss
outcome as seen in the large SD at 12 months. This large variation
in weight-loss outcomes is consistent with other behavioral and di-
etary weight loss trials. For example, the mean weight loss % (SD) in
the Look AHEAD study at 1 year was 8.6(6.9)%.2¢ Using intra-cohort
correlation analysis, the Look AHEAD study identified factors asso-
ciated with successful weight loss, such as physical activity, treat-
ment attendance, and use of meal replacement products.?® The
present study identified significant associations between protein and
fiber densities and weight loss. This finding suggests that the diver-
gence in weight loss can be explained partly by a degree of successful
dietary changes.

A strong correlation was observed between weight loss at three
and 12 months, indicating the critical importance of the first
3 months of the weight-loss period. Significant associations were
found between weight loss and protein and fiber density as early as
3 months. Thus, the strong correlation between three- and 12-month
weight loss suggests that participants who were able to develop
sustainable dietary changes within the first three months kept losing

weight in the subsequent months, whereas those who had difficulty

in implementing sustainable dietary changes in early months rarely
succeeded in changing diet in later months. Alternatively, this strong
correlation may be due to the increased and sustained motivation of
participants who succeeded in their early weight loss stage. Although
no data were available in the current study to examine this possi-
bility, studies suggest psychological and behavioral factors, such as
motivation, level of satisfaction, and self-confidence, are associated
with early weight-loss outcomes.?”%2

In addition to implementing a sustainable diet, this study iden-
tified other possible predictors for successful weight loss that may
help improve the program. Among comorbidities, a significantly lower
weight-loss outcome was observed in the participants with a self-
reported diagnosis of depression than those without depression
although the sample number was small. Frequent concurrence of
depression and obesity has been shown, and the association between
them may be bi-directional.?’ A collaboration with a clinical psy-
chologist to treat depression may improve the weight-loss outcome
of the participants with depression.”

Even though the program provided identical in-person group
sessions three times a week during the intervention, some partici-
pants had difficulties attending one of the three sessions, necessi-

tating the provision of make-up sessions. Changing in-person
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(A) Weight loss at 3 months is predictive of 12-month weight loss (r = 0.84, p < 0.001, n = 22). Correlation of weight change

with dietary protein density at (B) 3 months (r = —0.62, p = 0.008), (C) 6 months (r = —0.57, p = 0.018), and (D) 12 months (r = —0.49

p = 0.044). N = 17 for all figures.

sessions to online may improve accessibility by removing time and
transportation restrictions. The exit survey indicated room for
improving session materials and homework assignments. Reducing
scientific terms in session content could improve comprehension.
Homework could be better organized as a step-by-step assistance for
participants to achieve sustainable dietary changes.

The main limitation of this study was large variations among
participants in weight-loss outcomes to be used as a reliable obesity
treatment program. Although the weight-loss outcome of the suc-
cessful group was promising, and the study identified factors that
affect unsuccessful weight loss, further improvement of the program is
warranted. Also, it is yet to be determined by follow-up whether the
self-discovery approach improves the sustainability of lost weight.
Although RCT is standard for clinical studies, we employed a single-
arm, before-and-after design for the following reasons. First, the
main objective of the study was to identify factors that can explain
variable outcomes of the novel participant-driven program using
intra-cohort variation analysis?® as discussed above. Second, a large

weight-loss RCT has shown that the weight of the placebo group was

unchanged during 1 year, whereas the metformin and lifestyle modi-

fication groups lost significant weight.%°

Also, another large-scale trial
that used a standard care group as a control showed much smaller
weight change in the control compared with intervention group at
1year (0.7% vs. 8.6%).2° Thus, it would be reasonable to assume that in
the current study, any significant weight change was due to the
intervention. For these two reasons, doubling the participants' size to
add a control group is not justifiable.

In conclusion, a dietary weight-loss program based on facilitating
informed decision-making worked very well for nine participants
(41%) who achieved greater than 5% of initial bodyweight, whereas
other 13 participants failed to reach 5% weight loss. Several possible
causes of the divergence were identified by intra-cohort analyses.
Protein and fiber densities were inversely associated with weight loss,
suggesting successful dietary implementation as a key contributor to
weight-loss outcomes. Early weight-loss success and early dietary
implementation were predictive of successful weight loss at
12 months. The presence of depression may be a barrier to weight loss

and may need to be addressed together with dietary intervention.
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TABLE 3 A comparison table of 12-month body weight change between the absence and presence of participants' comorbidities, gender

and age group.

Comorbidities Presence
Sleep apnea

Participants, n 14

Mean weight change (S.D.) % —6.09 (7.87)
Hypertension

Participants, n 14

Mean weight change (S.D.) % —5.68 (12.45)
Skeletal problems

Participants, n 11

Mean weight change (S.D.) % —-8.22 (11.53)
Hypercholesterolemia

Participants, n 10

Mean weight change (S.D.) % —4.82 (4.82)
Depression

Participants, n 7

Mean weight change (S.D.) % -2.43 (3.59)
Type 2 diabetes mellitus

Participants, n 6

Mean weight change (S.D.) % —4.87 (5.74)
Asthma

Participants, n 4

Mean weight change (S.D.) % —4.25 (7.58)
Irregular periods, female only

Participants, n 4

Mean weight change (S.D.) % —1.48 (3.08)

Within demographic variables

Gender

Age, years old

Note: All participants n = 22.
*p < 0.05 by unpaired t-test.

Participants, n
Male, n =9

Female, n = 13
18-49,n = 12
50-70,n = 10

Accessibility and delivery of program materials could be improved to
expand the reach of the program. At least another year of follow-up
will be necessary to determine if the >5% weight loss group is able

to maintain their lost weight.
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SUPPORTING INFORMATION
Additional supporting information can be found online in the Sup-
porting Information section at the end of this article.
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