Cravings in a virtual reality room paired with chocolate
predict eating disorder risk

R S Astur', AW Carew’, A Palmisano®, B E Deaton’,
F Kuhney', R Niezrecki!, M Santos®

'Department of Psychology, University of Connecticut, 406 Babbidge Road, Unit 1020, Storrs, CT, USA
“Connecticut Childrens Medical Center, Hartford, CT, USA

robert.astur@uconn.edu, andrew.carew@uconn.edu, alexandra.palmisano@uconn.edu,
bonnie.deaton@uconn.edu, franchesca.kuhney@uconn.edu, rachel.niezrecki@uconn.edu,
msantos@connecticutchildrens.org

ABSTRACT

Pavlovian conditioning is a major factor in drug and food addictions. Previously, we have shown
in humans that we can reliably establish a conditioned place preference to a virtual reality (VR)
room that is paired with real life food reward. We examined whether the strength of this
conditioned place preference is related to eating disorder risk. 31 food-restricted female
undergraduates were recruited and placed into a VR environment consisting of 2 visually distinct
rooms connected by a hallway. Participants underwent 6 pairing sessions in which they were
locked into one of the two rooms and explored the VR environment. Room A was paired with
real-life M&Ms for 3 sessions, and Room B was paired with no food for 3 sessions. After the
conditioning, a test session was given in which participants were given free access to the entire VR
environment with no food present. Additionally, participants completed a standard assessment of
eating disorder risk, the Eating Attitudes Test (EAT-26). We observed a conditioned place
preference only for the participants who were in the top 50 percentile for hunger. Self-reported
hunger rating was significantly correlated with amount of time in the room paired with food. In
regards to the eating attitudes, we observed that the higher the eating disorder risk, as evidenced by
higher scores on the dieting subscale, and as evidenced by higher total risk scores, the lower they
rated the room paired with no food. This suggests a unique conflict whereby stimuli that are not
food associated are rated as less enjoyable, particularly the higher the risk for an eating disorder.
Hence, novel measures and associations from a brief conditioning paradigm predict eating disorder
risk and may suggest some implicit conflicts and processes involved in people with eating
disorders. Future studies will examine people with eating disorders more directly as well as will
examine whether these measures can direct treatment strategies and predict treatment success.

1. INTRODUCTION

The conditioned place preference (CPP) task is a standard behavioral model widely used in nonhuman research
to assess the rewarding and aversive effects of a substance. Although the task differs along several dimensions,
generally it involves two compartments joined by a connecting tunnel. The two compartments are contextually
distinct across many modalities including visual, auditory, tactile and olfactory cues. Procedurally, the animal is
confined to one of the two compartments and is given a rewarding substance for a fixed amount of time. In a
separate session, the animal is confined to the other contextually distinct compartment and receives a placebo
substance for an equal amount of time. To strengthen the relationship between context and presence or absence
of the rewarding stimulus, these pairings are often repeated. Following the pairing sessions, a test session is
given in which the animal receives unrestricted access to both compartments without any reward or placebo. It is
frequently observed that animals demonstrate a strong preference for the room in which the reward was
previously paired despite the reward no longer being present (van der Kooy et. al, 1983). While this preference
can be seen with a variety of drugs (Mattson et. al, 2003), it can also be seen with natural reinforcers such as
food, water, copulatory opportunity, and opportunity for social interaction (Tzschentke, 1998). Pavlovian
conditioning is the most widely accepted explanation for the CPP. Essentially, the context paired with the
reinforcer becomes a conditioned stimulus that predicts the presence of the reinforcer (CS+). Conversely,
conditioned place aversions can also be observed if a context is paired with an aversive stimulus (Prus et. al,
2009).
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While food is typically considered a rewarding stimulus, eating disorders, such as Anorexia Nervosa (AN),
have been associated with food avoidance resulting in relentless restrictive eating and severe emaciation (Frank
et.al, 2012). Disorders like AN and Bulimia Nervosa (BN) pose a unique challenge for clinicians since they are
complex, of undetermined etiology, and are sometimes theorized as being culturally pressured by ideals of
thinness (Strober,1995). However, while culture and societal pressures may exist, it is now recognized that a
biological basis to these disorders may exist (Bulik, 2004). Moreover, eating disorders are believed to have
commonalities of dysfunction in brain areas associated with reward. For example, data from animal models of
eating disorders have demonstrated alterations in dopamine, acetylcholine, serotonin, and opioid reward systems
(Avena et. al, 2011).

We are interested in whether the CPP task can be useful to predict eating disorder risk as well as treatment
success. We previously have demonstrated that food-deprived undergraduates display a strong CPP for a room
previously paired with chocolate reward using both implicit as well as explicit measures (Astur et al, in press).

Our current aim is to determine whether there is an association between eating disorder risk and CPP
strength. We hypothesize that the higher the eating disorder risk, the less the amount of time spent in the
chocolate-paired room on the test day.

2. METHOD
2.1  Participants

Thirty-one University of Connecticut female undergraduates (avg. age = 19.3 yrs; SD = 1.57) were recruited
from Introductory Psychology classes for this experiment via the university participant pool. Participants were
required to abstain from eating for six hours prior to the experiment. It was also required that participants were
willing to eat chocolate for the purposes of this experiment. Participants received class credit for their
participation. Approval for this study was obtained from the University of Connecticut Institutional Review
Board.

2.2 Apparatus

An IBM-compatible computer with a SVGA color monitor was used for testing. Participants navigated through
the virtual environments by manipulating a joystick. A speaker connected to the computer was used to provide
auditory feedback to the participants. A Med Associates Inc. ENV-203IR pellet dispenser was used to dispense
M&Ms into a tray for the participant to consume.

2.3 Procedure

Food-deprived participants arrived at approximately 9:30 A.M., and consent was obtained. The participant was
seated at a computer and was guided through a brief tutorial on how to interact with the virtual environment
using a joystick. Participants received a 90 second practice session in which they were placed into an empty VR
room. Throughout the practice session and in the experimental sessions, to encourage exploration, a coin
appeared periodically in random locations, and participants were required to locate and collide with the coin.
Additionally, an M&M was dispensed during the practice session, and participants were instructed that
throughout the experiment, they are to eat the M&Ms as they are dispensed. Participants were allowed to ask
questions at any time.

After finishing the practice session, each participant completed six six-minute experimental pairing sessions
in a virtual environment. A short, 1- minute break followed each session. The environment consisted of two
visually distinct rooms connected by a neutral hallway (see Fig 1). In each of the six experimental sessions, the
participants were confined into one of the two rooms and were to explore the environment using the joystick..
One room was paired with real M&Ms for three sessions while the opposite room was paired with no food for
three sessions. The room paired with M&Ms and the orders of the pairing sessions were counterbalanced. One
M&M was dispensed periodically into a cup next to the participant during the M&M sessions, and the
participant was instructed to eat the M&Ms as they were dispensed. Between 50-60 M&Ms total were dispensed
during conditioning, which is approximately the amount in a regular 47.9g single size bag of M&Ms. After all
six sessions were completed, a 10-min break was given before the test session.

For the test session, participants were placed in the same virtual environment and started in the neutral
hallway. They had access to both rooms for the entire six minute session. M&MSs were not dispensed on the test
day. After the test, participants were given a survey. Questions asked which of the two rooms they preferred,
how much they enjoyed each room on a scale of 0-100, and how much they enjoy chocolate on a scale of 0-100.
Lastly, participants were also asked to complete Eating Attitude Test — 26 (EAT-26; Garner et al, 1982), which is
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a brief questionnaire designed to assess eating disorder risk. The EAT-26 consists of 3 subtests, Dieting,
Bulimia, and Oral control, which are combined to obtain a Total score. After filling this out, participants were
then offered snacks, debriefed, and dismissed.

RoomA Room B

Hallway

Figure 1A. Both rooms were identical in shape, but contained different items, colors, patterns, etc.

Sample Testing for one participant

Day 1 Day 2
Conditioning Sessions Test Session
Session Session Session Session Session  Session Test Session
1 2 3 4 5 6
RoomA RoomB RoomB RoomA RoomB RoomA Free Access
No Food M&Ms M&Ms No Food M&Ms No Food No Food

Figure 1B. A sample testing order for one participant. Across participants, testing order and
M&M/Room pairings was counterbalanced.

3. RESULTS

Data analysis: Times spent in rooms on the test day were compared using a paired Student’s t-test. Correlations
between variables in the CPP task and with the EAT-26 were calculated using Pearson bivariate correlations. An
alpha level of 0.05 was used in all analyses.

During the test session, participants did not display a CPP, in that there is no significant difference between
dwell time in the room previously paired with M&Ms compared to the No Food room, t(30) = 0.74, p > 0.1.
However, anecdotally, some participants seemed reluctant to each the M&Ms as the experiment progressed, and
we hypothesized that they were becoming satiated with M&Ms during the conditioning sessions which occur
immediately prior to the test session. Additionally, we know from previous experiments in our lab that hunger is
necessary for a place preference to be evident (Astur, et al, in press). To address this, we performed a median
split on self-reported hunger level. When examining participants in the upper 50% of hunger ratings, we see a
significant CPP in that participants spent 70% of their time in the M&M room compared to 30% of their time in
the no food room, t(14) = 3.31, p = 0.005, Figure 2. There is no significant place preference for those in the
bottom 50% of hunger ratings, t(15) = 1.36, p > 0.1.
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Figure 2. There was a significant place preference for the room that was previously paired with
M&Ms (p = 0.005) for the people who were in the upper 50 percentile for self-reported hunger
levels. For those who were in the bottom 50 percentile for hunger, there is no significant place
preference.

To examine the relation between the place preference and EAT-26, we conducted a number of Pearson bivariate
correlations. We observed that there was a significant positive correlation between reported hunger level and
amount of time spent in the M&M room on the test day, r = 0.52, p < 0.01. Additionally, there was a significant
positive correlation between the explicit rating of how much participants liked the M&M room with the amount
of time spent in the M&M room on the test day, r = 0.39, p < 0.05. In regards to the EAT-26, we observed that
there was a significant negative correlation with the EAT-Diet score and the explicit rating of how much the
participants liked the non-M&M room, r = -0.53, p < 0.01. Similarly, there was a significant negative correlation
with the EAT-Total score and the explicit rating of how much the participants liked the non-M&M room, r = -
0.47, p < 0.01. That is, the higher their eating disorder risk (as determined by EAT-Diet and EAT-Total), the
lower they rated the room that never contained any M&Ms. Lastly, the higher their eating disorder risk, as
determined by EAT-Oral Control, the higher they rated that they enjoyed chocolate, r = 0.44, p < 0.05.

4. CONCLUSIONS

The results indicate that as a group, there is no place preference evident on the test day. Previously, we reported
that we were able to elicit strong place preferences in hungry undergraduates (Astur et al, in press). However, in
the current paradigm, the conditioning and the test session are on the same day, whereas our previous paradigm
was a 2-day study, with the conditioning and the test session being on separate days. Accordingly, whereas
participants were food-restricted prior to starting the current experiment, by the time they were given the test
session, they had already consumed approximately 50 M&Ms, and numerous participants were less than
enthusiastic about consuming M&Ms at this stage in the experiment. Hence, given that our test session was after
eating these M&Ms, many participants were not hungry when the test session was presented, and we previously
have shown that if participants are not hungry, there will be no place preference. To address this, we performed a
median split on self-reported hunger levels, and we observed that those in the upper 50% of hunger show a
strong and significant place preference, whereas those in the bottom 50% do not show any place preference.
Collectively, these data again indicate the importance of hunger in observing a place preference to food in
female undergraduates.

In fact, when we conducted a number of correlations, we also observed that the hungrier that participants
reported that they were, the stronger the place preference that they displayed on the test session. Again, this
supports the idea that hunger is a critical factor in observing a conditioned place preference for food.
Additionally, the higher the amount of time in the M&M room on the test day, the higher participants rated that
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room, suggesting that implicit measure and explicit measures of place preference are tapping into the same or
similar constructs.

In regards to the eating attitudes, we observed that the higher the eating disorder risk, as evidenced by higher
scores on the dieting subscale, and as evidenced by higher overall risk scores, the lower they rated the room
paired with no food. This is an intriguing finding in that there is no relation between eating disorder risk and the
rating of the room that contained M&Ms. Rather, these significant negative correlations suggest that the room
that does not contain food has some negative valance about it, particularly to people with higher risk for eating
disorders. It may be that because this room is never paired with a rewarding food, it takes on aversive properties,
perhaps because of frustration with the inability to obtain food when in this room. Alternatively, it could be that
there is a rewarding process underlying abstaining or controlling food intake, and this process is removed or
greatly diminished when in the no food room; accordingly, it takes on aversive qualities. Lastly, it was observed
that the higher their eating disorder risk as evidenced by the oral control subscale, the higher that participants
rated their enjoyment of chocolate. Again, this is interesting in that it again suggests an internal conflict that
some participants are engaging in control of their food intake, and yet, they rate chocolate more favorably than
those who do not engage in such oral control. Perhaps this type of oral control involves chocolate being a rare
and restricted food item, and hence, it becomes more desirable. Future studies might aim to decipher this by
inquiring about frequency and quantity of chocolate consumed.

In this study, we recruited undergraduates without any specific restrictions besides the necessity to eat
chocolate. Of our 31 females, there were 5 who had scores on the EAT-26 that would suggest that they were at
risk for an eating disorder, and follow-up assessment would be necessary to corroborate and characterize this
risk. Hence it is possible that we actually were testing two distinct populations in our study (1) those with an
unhealthy relationship with food; (2) those with a healthy relationship with food. And, it could be that these 5 at-
risk participants were disproportionately influencing our correlations. Our future studies will specifically target
individuals at either high risk or low risk for eating disorders, so that we can obtain a better understanding of
how these two groups display preferences for contexts where rewarding food is present. Hopefully, this will
launch new avenues of research aimed at understanding reinforcement, addiction, relevant brain structures, and
the contributing factors.

5. REFERENCES

Astur, R.S, Carew, AW, and Deaton, BE, (in press), Conditioned place preferences in humans using virtual
reality, Behav Brain Research.

Bechara, A, and van der Kooy, D, (1992), A single brain stem substrate mediates the motivational effects of both
opiates and food in nondeprived rats but not in deprived rats, Behav Neurosci, 106(2), 351-363.

Burgess, N, Maguire, EA, and O’Keefe, J, (2002), The human hippocampus and spatial and episodic memory,
Neuron, 35(4), 625-641.

Carvalho, KN, Pearlson, GD, Astur, RS, and Calhoun, VD, (2006), Simulated driving and brain imaging:
combining behavior, brain activity, and virtual reality, CNS Spectr, 11(1), 52-62.

Childs, E, and de Wit, H, (2009), Amphetamine-induced place preference in humans, Biol Psychiatry, 65(10),
900-904, doi: 10.1016/j.biopsych.2008.11.016

Childs, E, and de Wit, H, (2013), Contextual conditioning enhances the psychostimulant and incentive properties
of d-amphetamine in humans, Addict Biol, 18(6), 985-992, doi: 10.1111/j.1369-1600.2011.00416.x

El Rawas, R, Klement, S, Kummer, KK, Fritz, M, Dechant, G, Saria, A, and Zernig, G, (2012), Brain regions
associated with the acquisition of conditioned place preference for cocaine vs. social interaction, Front Behav
Neurosci, 6, 63, doi: 10.3389/fnbeh.2012.00063

Everitt, BJ, Morris, KA, O’Brien, A, and Robbins, TW, (1991), The basolateral amygdala-ventral striatal system
and conditioned place preference: further evidence of limbic-striatal interactions underlying reward-related
processes, Neuroscience, 42(1), 1-18.

Folley, BS, Astur, RS, Jagannathan, K, Calhoun, VD, and Pearlson, GD, (2010), Anomalous neural circuit
function in schizophrenia during a virtual Morris water task, Neuroimage, 49(4), 3373-3384, doi:
10.1016/j.neuroimage.2009.11.034

Fuchs, RA, Weber, SM, Rice, HJ, and Neisewander, JL, (2002), Effects of excitotoxic lesions of the basolateral
amygdala on cocaine-seeking behavior and cocaine conditioned place preference in rats, Brain Res, 929(1),
15-25.

Goldman, RL, Borckardt, JJ, Frohman, HA, O’Neil, PM, Madan, A, Campbell, LK, . . . George, MS, (2011),
Prefrontal cortex transcranial direct current stimulation (tDCS) temporarily reduces food cravings and

Proc. 10" Int] Conf. Disability, Virtual Reality & Associated Technologies 87
Gothenburg, Sweden, 2—4 Sept. 2014
©2014 ICDVRAT; ISBN 978-0-7049-1546-6



increases the self-reported ability to resist food in adults with frequent food craving, Appetite, 56(3), 741-
746, doi: 10.1016/j.appet.2011.02.013

Hiroi, N, and White, NM, (1991), The lateral nucleus of the amygdala mediates expression of the amphetamine-
produced conditioned place preference, J Neurosci, 11(7), 2107-2116.

Isaac, WL, Nonneman, AJ, Neisewander, J, Landers, T, and Bardo, MT, (1989), Prefrontal cortex lesions
differentially disrupt cocaine-reinforced conditioned place preference but not conditioned taste aversion,
Behav Neurosci, 103(2), 345-355.

La Mela, I, Latagliata, EC, Patrono, E, Puglisi-Allegra, S, and Ventura, R, (2010), Olfactory priming reinstates
extinguished chocolate-induced conditioned place preference, Appetite, 54(1), 237-240, doi:
10.1016/j.appet.2009.12.008

Mattson, BJ, Williams, SE, Rosenblatt, JS, and Morrell, JI, (2003), Preferences for cocaine- or pup-associated
chambers differentiates otherwise behaviorally identical postpartum maternal rats, Psychopharmacology
(Berl), 167(1), 1-8, doi: 10.1007/s00213-002-1351-4

McDonald, RJ, Yim, TT, Lehmann, H, Sparks, FT, Zelinski, EL, Sutherland, RJ, and Hong, NS, (2010),
Expression of a conditioned place preference or spatial navigation task following muscimol-induced
inactivations of the amygdala or dorsal hippocampus: A double dissociation in the retrograde direction, Brain
Res Bull, 83(1-2), 29-37, doi: 10.1016/j.brainresbull.2010.06.001

Molet, M, Billiet, G, and Bardo, MT, (2013), Conditioned place preference and aversion for music in a virtual
reality environment, Behav Processes, 92, 31-35, doi: 10.1016/j.beproc.2012.10.001

Olmstead, MC, and Franklin, KB, (1996), Differential effects of ventral striatal lesions on the conditioned place
preference induced by morphine or amphetamine, Neuroscience, 71(3), 701-708.

Schroeder, BE, Binzak, JM, and Kelley, AE, (2001), A common profile of prefrontal cortical activation
following exposure to nicotine- or chocolate-associated contextual cues, Neuroscience, 105(3), 535-545.

Shipman, SL, and Astur, RS, (2008), Factors affecting the hippocampal BOLD response during spatial memory,
Behav Brain Res, 187(2), 433-441, doi: 10.1016/j.bbr.2007.10.014

Siep, N, Roefs, A, Roebroeck, A, Havermans, R, Bonte, M, and Jansen, A, (2012), Fighting food temptations:
the modulating effects of short-term cognitive reappraisal, suppression and up-regulation on
mesocorticolimbic activity related to appetitive motivation, Neuroimage, 60(1), 213-220, doi:
10.1016/j.neuroimage.2011.12.067

Tang, DW, Fellows, LK, Small, DM, and Dagher, A, (2012), Food and drug cues activate similar brain regions:
a meta-analysis of functional MRI studies, Physiol Behav, 106(3), 317-324, doi:
10.1016/j.physbeh.2012.03.009

Tzschentke, TM, (1998), Measuring reward with the conditioned place preference paradigm: a comprehensive
review of drug effects, recent progress and new issues, Prog Neurobiol, 56(6), 613-672.

Tzschentke, TM, and Schmidt, WJ, (1998), Discrete quinolinic acid lesions of the rat prelimbic medial prefrontal
cortex affect cocaine- and MK-801-, but not morphine- and amphetamine-induced reward and psychomotor
activation as measured with the place preference conditioning paradigm, Behav Brain Res, 97(1-2), 115-127.

van der Kooy, Derek, (1987), Place Conditioning: A Simple and Effective Method for Assessing the
Motivational Properties of Drugs, In M. Bozarth (Ed.), Methods of Assessing the Reinforcing Properties of
Abused Drugs (pp. 229-240): Springer New York.

88 Proc. 10 Int! Conf. Disability, Virtual Reality & Associated Technologies
Gothenburg, Sweden, 2—4 Sept. 2014
©2014 ICDVRAT; ISBN 978-0-7049-1546-6



