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Abstract

Background and Objectives—The relative reinforcing value (RRV) of food is associated with
increased energy intake and obesity and increases in RRV of food after repeated intake
(sensitization) are related cross-sectionally and prospectively to higher BMI in adults. We
examined the factors, such as delay discounting (DD), associated with sensitization of RRV of
high energy density (HED) and low energy density (LED) food and how sensitization relates to
zBMI in adolescents. We hypothesized that sensitization to HED food would be positively
associated with zBMI, that sensitization to LED food would be negatively associated with zBMI,
that DD would be associated with HED sensitization, and that LED sensitization and DD would
moderate the relationships between HED sensitization and zBMI.

Subjects and Methods—A population-based sample of 207 adolescents without obesity, aged
12 — 14 years was studied from June 2016 — March 2019. The RRV of LED and HED foods were
measured before and after two weeks of daily consumption along with zBMI and other potential
factors related to eating and weight, including dietary restraint, hunger, food liking, and delay
discounting (DD). Hierarchical regression models were used to determine the associations
between these factors and sensitization and zBMI. We also examined LED sensitization and DD as
potential moderators of the relationship between sensitization and zBMI.

Results—As hypothesized, dietary restraint and sensitization to HED food were associated with
greater zBMI. Contrary to our original hypotheses, DD was not associated with sensitization, there
was no relationship between sensitization to LED food and zBMI and neither LED sensitization or
DD moderated the relationship between HED sensitization and zBMI.
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Conclusions—Sensitization to repeated intake of HED food was associated with higher zBMI in
adolescents without obesity. Sensitization may be a novel behavioral phenotype that may relate to
overweight in youth.
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phenotypes; adolescents

Introduction

Understanding factors that impact energy balance across the lifespan is the first step toward
developing evidence-based interventions to mitigate the obesity epidemic. One factor that
has been reliably shown to relate to overweight and obesity across the lifespan is the relative
reinforcing value (RRV), which is an empirical index of the motivation to get food (1-3).
Greater RRV of food is associated with increased energy intake, and mediates the
relationship between food intake and obesity (3-5).

One characteristic of reinforcers is that they can become more reinforcing after repeated
exposure (6-9). This phenomenon is referred to as sensitization and has been well
characterized in the substance use literature (10-13). Our earlier work was built on the
framework of sensitization theory where we hypothesized that, like drugs of abuse, repeated
exposure to food elicits sensitization, or increased motivation to eat, in a subset of people
and that sensitization is associated with increased energy intake and body weight. We found
that sensitization was observed in a subset of adults with overweight and obesity after two
weeks high energy density (HED; > 4 kcals/g) food consumption compared with adults with
healthy weight (8). We also showed that this sensitization phenotype was only elicited by
repeated intake of HED food (compared with low energy density (LED) food) and when the
portions used were larger (~300 kcal vs. 100 kcals) (6, 8). Finally, we found that greater
sensitization both cross-sectionally and prospectively predicted higher BMI and more weight
gain (6, 7, 14). When taken together, our work in adults shows that sensitization is a robust
and repeatable phenotype that is associated with eating, weight, and weight change over
time.

The expression of motivated behavior can be influenced by a number of other factors,
including impulsivity. One aspect of impulsivity is an inability to delay gratification, which
is conceptualized by delay discounting (DD), or the tendency to select smaller, more
immediate rewards over larger, delayed rewards. Higher DD is associated with greater
energy intake (15, 16), higher BMI (17-19), and poorer outcomes in weight loss studies
(20). The relative reinforcing value of food and DD can impact obesity separately (21), but
the combination of high DD and high RRV of food, a concept termed “reinforcement
pathology”, may confer more risk than either one alone (22), as people will both respond
more for rewards and have less of an inhibitory break on those responses. Individuals with
high levels of reinforcement pathology consume more energy in the laboratory, have higher
BMI, and gain more weight over time than individuals with either high RRV of food or high
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DD alone (22). Delay discounting and/or reinforcement pathology may be associated with
the development of sensitization.

Previous work on sensitization and DD has been concentrated in adults, but adolescents may
be particularly susceptible to the impact of sensitization as the adolescent brain is primed to
respond to reward while areas involved in inhibitory control remain immature during this
developmental period (23-25). Research is needed to determine factors associated with
sensitization of RRV of HED food and to assess whether sensitization to HED food is
associated with higher zBMI in this population in order to better understand risk factors for
overweight. It is also important to understand the role of sensitization to LED food in zBMI.
While most of the prior work on sensitization has focused on HED food (6, 8, 9, 14), it is
possible that repeated intake of LED food can also elicit sensitization. Individuals who
increase responding for LED food after repeated intake may be more likely to consume LED
food, which could substitute for intake of some HED food and, perhaps, reduce energy
intake and zBMI.

The purpose of this study was to examine the relationship between sensitization and zBMl,
to determine the extent to which DD and reinforcement pathology are related to
sensitization, and to extend our prior work into an adolescent population. We achieved these
aims by testing the following hypotheses 1) sensitization to repeated intake of HED food is
associated with higher zBMI in adolescents 2) sensitization to repeated intake of low energy
density (LED; < 1 kcal/gram) food is associated with lower zBMI 3) DD, and reinforcement
pathology are associated with increased sensitization 4) sensitization to LED food and DD
moderate the relationship between HED sensitization and zBMI.

METHODS

Study Participants

The data shown here are the baseline data from a 2-year longitudinal study assessing
behavioral predictors of weight change in adolescents. Participants were 207 boys and girls
aged 12 — 14 years without obesity recruited using flyers, e-mail and social media, personal
referrals, and advertisements distributed in schools in the Buffalo, NY area (Figure 1). This
narrow age range was selected to capture weight and height change in adolescents during
pubertal growth. We focused our analysis on adolescents without obesity because, in the
larger longitudinal study, we were interested in prospectively predicting the onset of obesity,
as opposed to studying participants who already have obesity. Potential participants were
included if they were 12 — 14 years old, rated the study foods as neutral to positive and
reported a willingness to eat a serving of a study food every day for 13 days, were able to
attend 5 visits within a 6 — 8 week period, and were willing to participate in a two-year
study. Potential participants were excluded if they had a zBMI below 1.5 or above 2, had a
metabolic or endocrine disorder, used medications that could affect appetite or weight gain
(e.g. Adderall, Wellbutrin, Prednisone), were unable to complete light physical activity
without assistance, were allergic to all study foods, had reading comprehension below the
4th grade level or were unable to read or speak English, or lacked an English speaking
parent/guardian who could provide consent. We used a zBMI above 2 as our cutoff for
obesity according to the WHO standards (26, 27).
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Study Procedures

Participants came into the laboratory for five baseline visits lasting between 1 — 3 hours each
(Figure 2). On the first visit, parents/guardians and participants read and signed consent and
assent forms. Parents/guardians and participants then completed a series of assessments,
including: demographic questionnaire (parent/guardian), ratings of food liking and wanting
(participant), appetite (participant), and Dutch Eating Behavior Questionnaire (DEBQ;
participant) (28, 29). Height and weight were measured for both parent/guardian and
participant on the first visit and again at follow-up visits at 6, 15, and 24 months (data
collection ongoing). Height and weight were not reassessed at visits 2 — 5, because
substantial changes were unlikely in the 6 — 8 week timeframe and we wanted to minimize
focus on body weight when completing RRV of food tasks. Participants also completed a
delay discounting (DD) task.

Participants returned to the laboratory for visits 2 — 5 at least 2 hours post-prandial in order
to test the RRV of their assigned foods. HED and LED foods were assigned using self-report
of liking (>40 mm on a 100 mm visual analog scale anchored by “Not at all” and “The most
possible™) and frequency of consumption (eaten < 4 times per week). We selected these
criteria because we wanted the foods to be moderately liked (VAS > 40mm) to improve the
likelihood that kids would work for them and would eat them every day for two weeks. We
also wanted to make sure that kids were not already eating these foods every day (consumed
< 4 times per week) in order to increase our chances of observing sensitization. Order of
presentation of the assigned LED food (fruit cups, applesauce, and low-fat yogurt; energy
density < 1.0 kcal/g) and assigned HED food (chips, cookies, and chocolate candy; energy
density > 4 kcal/g) conditions were counterbalanced. Upon arrival, participants completed
appetite sensation ratings (described below) and then consumed a 140-kcal preload (e.g.
granola or cereal bar). Participants again rated appetite prior to completing the RRV task. At
the end of visit 2, participants were given 14 portions of their assigned food. They were
instructed to eat one portion per day beginning the following day and to complete an online
survey each day to report that they had eaten their food. Compensation was partially based
on compliance with these instructions. All participants whose data are included here
reported consuming >80% of their assigned food portions for both LED and HED food.
After consuming the same food every day for two weeks, participants returned to the
laboratory to complete the RRV task again for the same food and a seated activity. Visits 4
and 5 were completed after a 1-week washout period and were identical to visits 2 and 3
except that the opposite food-type (HED/LED) was used. All study procedures were
approved by the University at Buffalo Institutional Review Board. This study has been
registered as a clinic trial on ClinicalTrials.gov (NCT04027608).

Reinforcing Value Task—~Participants clicked a mouse button to earn portions of their
assigned snack food (visits 2 — 5) on one computer and 2-minute allotments of time to
engage in their preferred seated activity (e.g. art, electronic games, or puzzles; all visits) on
the other computer. The preferred seated activity was selected from self-reported liking
ratings and was offered in order to control for a non-specific desire to respond. Participants
were instructed to click the mouse button on the computer that represented the reward that
they wished to earn and that when they no longer wished to earn points for food or activity,
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they could ring a bell or tell the researcher and their session would end, even if they had
already begun a new session. Reinforcers were earned based on independent schedules of
reinforcement presented on a progressive, variable ratio (+ 5%) schedule ranging from 20 —
10240 clicks. Once the participant indicated they were done, they exchange their points for
food and time for activity. All eating and activity was completed in the laboratory. This task
has been validated for use in children, adolescents, and adults and has been shown to be
reliable in repeated tests (5, 30-32).

Delay Discounting Task—Delay discounting assesses one’s preference for a small
immediate reward over a larger, delayed reward. Participants made choices between two
cards. One card displayed a fixed reward ($50) available after a time delay (e.g. 1 week) and
an immediate reward (e.g. $40) whose magnitude was adjusted in specific dollar increments,
in both ascending and descending order (33). The trials were presented across a series of
time delays (e.g., 1 day, 2 days, 1 week, 2 weeks, 1 month, and 6 months). Participants who
showed nonsystematic patterns of responses were excluded from all DD analyses based on
the recommendations from Johnson and Bickel (n = 8; (34)). The indifference point was
determined by taking the average of the immediate reward values just prior to and following
a switch in choice to the delayed reward, in each direction. The average indifference points
across the six delays were then plotted on a line and the rate of discounting was calculated
using Mazur’s hyperbolic discounting equation (33). This task has been validated for use in
children and adolescents and shown to have strong test-retest reliability in adolescents (35,
36).

Measures and Questionnaires

Anthropometrics—Anthropometric measurements were taken in parents/guardians and
participants without shoes while wearing light clothing with everything removed from
pockets. Body weight was assessed using a SECA digital scale (Hanover, MD). Height was
assessed using a wall-mounted, SECA stadiometer (Hanover, MD). z-BMI values are
developed for each sex and age based on population values (37).

Appetite and Hedonic Ratings—Participants were asked to rate their degree of hunger,
thirst, liking, and wanting of the study foods by drawing a vertical line along a 100-mm
visual analog scale anchored at Omm by “not at all” and 200mm by “the most possible”(38).

Dutch Eating Behavior Questionnaire (DEBQ)—Participants completed DEBQ,
revised and validated for use in children ages 8-12, to measure dietary restraint (28, 29).
There are 9 items on this questionnaire where the participant was asked to “circle answers
that are true for you” from the choices of “never”, “sometimes” and “very often”, which

were scored as 0, 1, and 2 respectively. We used the total score in our statistical models.

Sample Size Determination and Analytic Plan—This study was powered to examine
the relationship between sensitization to HED and LED foods and weight change over time.
Sample size was determined using data collected on the relationship between sensitization
and weight change in adults (3, 7) which had an effect size of 0.19. With an alpha of 0.05,
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and a power of 0.80, statistical significance could be achieved with a total of 180
participants.

Relative reinforcing value (RRV) was conceptualized as the area under the curve for
responses across the schedules of reinforcement. Sensitization score was calculated by
subtracting the participant’s baseline RRV of HED/LED food from the RRV of HED/LED
food after two weeks of daily intake of that food. Participant characteristics and differences
in dependent measures were analyzed using ANOVA and Chi-squared analyses using HED
sensitization category (sensitization score > 1 as “sensitizers” and those with < 1 as
“satiators™). as a between subjects’ factor. For all other analyses, sensitization score was
used as a continuous variable. Skew of all variables were assessed by visual examination of
the histograms and transformations were applied where appropriate. Due to skew, log
transformations were applied to RRV, DDT, and reinforcement pathology scores.

Pearson product moment correlations were then used to examine relationships among factors
associated with zBMI and baseline RRV and sensitization to HED and LED foods (Table 1).
zBMI was calculated using height and weight measures taken on the first laboratory visit.
Associations between HED and LED sensitization scores and zBMI were analyzed using
hierarchical regression models in order to assess the change in the variance explained by the
addition of new variables. For all regression models, normality of the residuals was assessed
by visual examination of the histogram, multicollinearity was assessed using the variance
inflation factor (all < 2), and heteroskedasticity was assessed using the Breusch-Pagan test.
In the case of a violation, heteroskedastic-robust errors were calculated using the PROCESS
macro version 3.3 for SPSS (39) (IBM SPSS Statistics for Windows, Version 26; Armonk,
NY). We first examined factors associated with HED and LED sensitization. For these
models, we included DD in step 1, RRV in step 2, and reinforcement pathology in step 3. To
examine associations with zBMI: DEBQ scores were included in step 1 and sensitization
was added in step 2. In order to test the hypothesis that LED sensitization and DD,
separately, moderate the relationship between HED sensitization and zBMI, we used the
PROCESS macro version 3.3 for SPSS (39) (IBM SPSS Statistics for Windows, Version 26;
Armonk, NY), and created an interaction term from the two variables. Relationships were
considered significant if p<0.05. These analyses were conducted using SPSS 26 (IBM SPSS
Statistics for Windows, Version 26; Armonk, NY).

RESULTS

Participant Characteristics and Correlations

Participant characteristics and descriptive statistics are shown in Table 2 grouped by HED
sensitization category. There were no differences in any participant characteristics by HED
sensitization category.

Predictors of Sensitization of HED and LED Food

The hierarchical regression showed that including DD in the first step did not account for a
significant amount of variance in sensitization. Adding RRV of HED food in Step 2
increased the variance accounted for to 16%, (Finc(1, 196) = 34.9; p < 0.0001). Adding
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reinforcement pathology in Step 3 did not significantly increase the variance accounted for
(Finc (1, 195) = 3.6; p = 0.061; Table 3).

None of our models accounted for a significant amount of the variance in sensitization of
LED food (Fijnc(1, 195) = 0.95; p = 0.33), with the final model accounting for 1% of the
variance.

Sensitization of Responses to HED and LED Food and zBMI

The hierarchical regression model (Table 4) found that DEBQ score in step 1 accounted for
18% of the variance in zBMI. Adding sensitization to HED food in step 2 increased the
variance accounted for to 19%; (Finc (1, 202) = 4.11; p = 0.044). LED sensitization was not
related to zBMI (Finc(1, 202) = 0.10; p = 0.748).

Sensitization to LED Food and DD as Moderators of HED Sensitization and zBMI

When LED sensitization was included as a moderator of the relationship between HED
sensitization and zBMI, the interaction term was not significant (b = 0.000; p = 0.212) and
the relationship between sensitization and zBMI remained significant (b = 0.001; p = 0.039).
Likewise, DD did not significantly interact with HED sensitization in terms of zZBMI (b =
0.000; p = 0.882) and the relationship between sensitization and zBMI remained significant
(b =0.001; p=0.016).

DISCUSSION

This study is the first to show that sensitization to repeated intake of HED food is associated
with zBMI in adolescents without obesity, as we hypothesized. This relationship is similar to
what we have previously shown in adults (6—8) and suggests that sensitization might be a
risk factor for overweight in youth. Contrary to our initial hypotheses, we did not find that
LED sensitization was associated with lower zBMI nor did LED sensitization moderate the
relationship between HED sensitization and zBMI. Also contrary to our original hypotheses,
DD and reinforcement pathology were not associated with sensitization to HED food and
DD did not moderate the relationship between sensitization and zBMI. These data, in a large
cohort of adolescents, suggest that sensitization to repeated HED food intake is a unique
behavioral phenotype that is associated with zZBMI in adolescents. This may be a useful
behavioral target for future interventions.

The data presented here are consistent with our previous studies in adults showing a positive
relationship between sensitization to repeated HED food administration and weight (6, 8,
14). It is important to note that, when we create categorical variables for “sensitizers” and
“satiators”, there is no difference between the two groups in zBMI. However, consistent with
our findings in adults (6, 8) and given the significant relationship revealed by the regression
model, we conclude that greater magnitude of sensitization is related to greater zBMI. There
were some differences between what we found here and what has been reported in adults.
First, the current study had a smaller proportion of individuals who were classified as
sensitizers compared with adults (7). This may be because the adult studies contained
participants with obesity and the current study did not (6, 8, 14). Second, we did not find
that baseline RRV of HED food was associated with zBMI (6, 8, 14). The reason for this
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discrepancy is unclear, but suggests that RRV of HED food is not consistently associated
with body weight across different studies, different groups of participants, or across
development.

We hypothesized that sensitization to repeated intake of LED food would be associated with
lower zZBMI, but instead found no relationship (6). We also hypothesized that sensitization to
LED food would moderate the relationship between HED sensitization and zBMI, which we
also did not find. The LED foods used in this study were low-fat foods that consisted
primarily of fruit and yogurt. It is possible that these foods do not elicit the same response as
high fat and/or high sugar foods. In fact, sensitization is more likely to occur after repeated
intake of HED foods, with both animal and human data showing that foods with higher
amounts of sugar and fat are more reinforcing (40-42). It is also possible that a certain
threshold of energy is required to elicit sensitization and the LED food did not meet that
threshold. In a previous study in adults, we showed that repeated intake of 100 kcal portions
of HED food did not result in sensitization of RRV of food, whereas 300 kcal portions did
produce sensitization (8). When designing this study, we aimed to provide a portion of LED
food that would be equivalent in size to the HED foods, and not be so large that it would be
aversive. We used portions that were around 165 kcals, as 300 kcal portions were very large
and we felt they would be too difficult for participants to consume every day.

Ability to delay gratification may impact the development of sensitization and also may
mitigate the impact of sensitization on zBMI (14,22). We, therefore, hypothesized that
higher DD would be associated with greater HED sensitization and that DD would moderate
the relationship between sensitization and zBMI. However, when we examined factors
associated with HED sensitization, we found that neither DD nor reinforcement pathology
were significantly associated with sensitization. Baseline RRV of HED food was negatively
associated with sensitization. This is consistent with our previous findings in adults without
obesity (14). This may be because when participants have higher baseline RRV of HED
food, there is less room to increase responding after two weeks of daily intake than in those
who begin with lower RRV of food. It is also possible that participants with higher baseline
RRV of HED food had already partially sensitized to the food that we provided, so ability to
further sensitize was limited. Finally, we did not find that DD moderated the relationship
between sensitization and zBMI. It is possible that DD and reinforcement pathology
moderate the relationship between sensitization and zBMI change over time.

This study had several significant strengths. This was a large sample of adolescents that
completed a series of well-controlled laboratory measures, with very high rates of
compliance with our study procedures and we used objective measures of RRV and DD
rather than relying on subjective data. This study was not without limitations. First, the
sample is largely white and upper middle class, thus we are unable to generalize these
findings to lower income and minority communities. Second, our LED food selections were
restricted to fruit and yogurt. It is possible that if other types of LED foods, such as
vegetables, had been included we may have seen a stronger negative relationship with zBMI.
Third, our age range began at 12 years, which is a time when puberty in females is largely
underway and puberty in males is just beginning. These differences in pubertal stage are
associated with differences in height velocity and energy needs that may account for some of
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the variance in our outcomes. Fourth, we excluded adolescents with obesity from this
sample. While this was important for the aims of the larger, longitudinal study, it may have
limited our ability to see relationships between baseline zBMI and sensitization and suggests
that the magnitude of the relationships that we observed may be conservative compared to
what we would find in a sample that included children with obesity.

Conclusions and Future Directions

When taken together, the results of this study suggest that sensitization to repeated intake of
HED foods is associated with greater zBMI in adolescents. Sensitization to HED food may
be a novel risk factor for excessive weight accumulation and obesity in adolescents, which is
the focus of our ongoing longitudinal study. Now that we have characterized this phenotype,
we can work towards developing novel interventions strategies to prevent or reduce
sensitization. Since sensitization is based on increasing response to repeated presentations of
the same food, the most obvious approach is to change eating patterns so that the same food,
at the same dose, is not presented repeatedly over days. A second approach to preventing
sensitization might be to provide alternative reinforcers to food (4, 43). The value of any
commodity depends on what else is available at the time of the choice, and it may be that
providing strong alternatives could reduce the choice of the food, and prevent sensitization.
It is also worthwhile to consider how to increase the reinforcing value of LED foods, which
would be a goal for any program designed to prevent or treat obesity. It may be that the dose
or type of food is important, and should not be limited to the foods used in this study.
Understanding ways to increase the reinforcing value of healthy foods could have a major
impact on promoting healthy eating behavior change.
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for Analysis
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Figure 1:
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Ineligible (n=80)
No longer interested (n=153)
Couldn’t schedule (n=15)

Ineligible after screening (n=31)

Began taking new medication (n=1)
Withdrew from Study (n=11)

Failed to comply with study procedures(n=12)
Researcher error in 1 or more visits (n=11)

Consort diagram showing the number of participants screened, consented, retained for five
baseline visits, and included in the analysis. Text boxes to the right explain the reasons for
the decrease in numbers of participants at each step.
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VISITS2 & 3 VISITS4 &5
*  Hunger/fullness/thirst ¢ Hunger/fullness/thirst
* HED Food Liking * LED Food Liking
* RRV of HED Food vs Seated Activity * RRVof LED Food vs Seated Activity

2 weeks of daily
WASHOUT LED food intake

02 weeks of daily

HED food intake

VISIT1

¢ Consent/assent

¢ Demographics

*  Height/weight

*  Body composition

< DEBQ

* Delay Discounting

* RRV of Seated vs Physical Activity

Order of LED/HED Counterbalanced

Figure 2:
Outline of the flow of participant visits. Participants completed 5 baseline visits, separated

by 1 — 2 weeks. The visits are shown with open circles with the data collected at each visits
shown with bullets. The smaller closed circles represent a 1-week period of time. There was,
on average, one week in between visits 1 and 2, two weeks in between visits 2 and 3 and 4
and 5. There was one week in between visits 3 and 4. Visits where participants completed a
task for HED food and consumed HED food daily for two weeks are shown in red and visits/
daily consumption of LED food are shown in green. Finally, the large, bidirectional arrow at
the bottom indicates that the type of food presented first (and second) was counterbalanced
across participants.
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Table 2:

Participant Characteristics and Descriptive Statistics as a function of HED Sensitization Group

| Entire Sample | Satiators | Sensitizers |
| n =207 | n =156 | n=51 |
| n | % | n | % | n | % | p
Ethnicity
Hispanic or Latino 16 8 11 7 5 10
Non-Hispanic or Latino 190 92 144 93 46 90 0.36
Race
American Indian/Alaska Native 3 1 3 2 0 0 0.43
Asian 6 2 5 3 1 2 0.55
Black/African American 23 11 18 7 5 10 0.50
White or Caucasian 173 80 131 80 42 81 0.60
Other 11 5 7 8 4 7 0.20
Household Income
< $9,999 1 5 1 1 0 0
$10,000 - $49,999 33 16 24 15 9 18
$50,000 - $69,999 33 16 20 13 13 24 0.20
$70,000 - $89,999 31 15 24 15 7 14 '
$90,000 - $109,999 31 15 29 19 2 4
$110,000 - $139,999 37 18 29 19 8 16
>$140,000 40 19 28 18 12 24
Parental Education
Completed high school 9 4 6 4 3 6
Some college/completed vocational training 31 15 24 16 7 14 0.75
Complete college/university 86 42 64 42 22 43
Completed graduate degree 80 39 61 38 19 37
| Mean | SE | Mean | SE | Mean | SEM | p
Age (years) | 133 | 0.06 | 133 | 0.07 | 13.2 | 0.12 | 0.86
zBMI | 0.40 | 0.07 | 0.36 | 0.08 | 0.56 | 0.13 | 0.18
Pubertal Development Score | 12.9 | 0.24 | 2.6 | 0.06 | 25 | 0.1 | 0.47
Delay Discounting | 0.12 | 0.03 | 0.13 | 0.04 | 0.09 | 0.06 | 0.47
DEBQ Score | 4.1 | 0.20 | 41 | 0.24 | 44 | 0.42 | 0.46
HED Food Measures | | | | | | |
Hunger on HED Visit | 55.2 | 1.7 | 55.4 | 2.0 | 52.6 | 35 | 0.47
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| EntireSampIel Satiators | Sensitizers |
| n=200 | n=1s | n=m |
| n || o |®e]| n]|®we]| o

HED Food Liking | 781 | 12 | 787 | 15 | 785 | 25 | o020
RRV of HED Food | 1527 | 17.9 | 1582 | 208 | 1156 | 362 | 034
RRV of Seated Activity | 1519 | 199 | 1251 | 234 | 1848 | 406 | 018
HED Sensitization | ~536 | 13.4 | -o44 | 138 | 826 | 242 | <0.0001

T T
Hunger on LED Visit | 543 | 17 | 527 | 19 | 608 | 35 | oo
LED Food Liking | 679 | 14 | 695 | 16 | 647 | 28 | o1s
RRV of LED Food | 839 | 108 | 759 | 126 | 980 | 221 | o030
RRV of Seated Activity | 1519 | 199 | 1481 | 241 | 1505 | 423 | 081
LED Sensitization | 48 | 140 | -40 | 157 | -89 | 130 | 080
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