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Neural Processing of Food and Erotic Cues in
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Jaime Vila, PhD, Pedro Guerra, PhD, and Laura Miccoli, PhD

ABSTRACT

Objective: Event-related brain potential (ERP) studies have shown that bulimia nervosa (BN) is associated with facilitated processing of
disorder-specific stimuli, visible in altered early components during presentation of food cues and bodies varying in size. Less is known
about BN and late ERPs, typically less influenced by perceptual features and regarded as more reliable indices of motivational relevance.
The purpose of this study was to use the late positive potential (LPP) to investigate the motivational significance of BN-relevant stimuli.

Methods: Highly salient stimuli, such as pictures of personal binge foods and images that are pleasant, neutral, and unpleasant (e.g., human
attacks) were presented to 24 women with bulimia and 24 healthy women (19.7 £ 2.1 and 20.5 + 2.6 years, respectively). Pictures of erotic
couples, previously shown to prompt the greatest appetitive reactions in healthy women, were used as pleasant cues. Based on BN aversion to
body cues, we hypothesized that the motivational significance of erotic cues could be increased in bulimic women.

Results: Consistent with the literature, the LPP was modulated by the salience of the pictures (F(2.8,130.7) =24.6, p <.001). An additional
interaction with diagnostic group (£(2.8,130.7) = 2.8, p = .047) indicated that bulimic women showed a larger LPP than healthy controls
during pictures displaying binge foods (p = .037) and erotic couples (p =.031).

Conclusions: The findings provide objective evidence that BN is characterized by dysregulated emotional processing that is not limited to
food cues. The implications are discussed within a transdiagnostic perspective on food-related disorders.

Key words: bulimia nervosa, binge food cues, electrophysiology, emotion, erotic cues, late positive potential.

INTRODUCTION LPP to thin bodies (9,10), and binge ED (BED) tends to be related
to a larger LPP to food cues (11). Moreover, bulimic women tend

he lives of women experiencing eating disorders (ED) revolve to fixate on body cues longer (12) and show a potentiated startle
around food and body cues: believing that their self-worth de- reflex during food cues (13), suggesting that bulimia might be
pends on their body shape, they can fast to self-starvation toadhere  characterized by sustained attention to body cues and aversive pro-
to their body ideal (1). Paradoxically, studies on the neural corre- cessing of food cues. However, there are no studies on how bu-

lates of fasting show that it precisely increases attention toward limia modulates the LPP, an objective index of motivated attention.
food cues (2). In healthy adults, food cues are only moderately In the present study, to uncover the phenotype of BN during
appetitive (3) but become motivationally relevant as a result of free picture viewing, we needed to identify the stimuli that could

food dgprivation ar}d lead to larger ear.ly and la_te. event-related acquire the greatest motivational relevance in bulimic women. It has
potentla.ls. (ERPs), L&, the early posterior negativity (EPN) and  peen repeatedly shown that personally significant stimuli—e.g.,
late positive potential (LPP) (4,5). Although the initial ERP com- faces of one's loved ones or cues of personal fears—are associated

ponents are ass.ociated.with eziirly sFimulus detection and process- with high levels of physiological reactivity (14,15). In EDs, per-
ing, the LPP is a r.ehable b19loglcal correlate of motivational sonalized cues are especially relevant because binge foods are
relevance and sustained attention (5,6). In the absence of a task, highly individualized (16) and are the target of treatments based
the LPP increases during presentation of stimuli that are intrinsi- on food cue exposure (17,18). In this study, in addition to highly

cally relevant for being threatening or appetitive, e.g., pictures of
attacks, mutilations, or erotica.

Among EDs, bulimia nervosa (BN) alternates food restriction
periods—as in anorexia nervosa (AN)—with uncontrolled eating

AN = anorexia nervosa, ANOVA = analysis of variance, BDI = Beck
Depression Inventory, BED = binge eating disorder, BITE = Bulimic
Investigatory Test Edinburgh, BMI = body mass index, BN = bulimia

episodes—as in binge EDs (1). In BN, early ERP components nervosa, EAT = Eating Attitude Test, ED = eating disorder, EDE-17 = Eat-
are more pronounced during presentation of not only food pictures ing Disorder Examination, v.17, EPN = early posterior negativity,
but also body pictures (7,8), suggesting facilitated processing of ERP = event-related potential, IAPS = International Affective Pic-

ture System, LPP = late positive potential, OLAF = Open Library

food- and body-related cues. Less is known about the late neural L e T S A

correlates of BN. Anorexia nervosa is associated with a larger
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appetizing food cues, we asked participants to identify pictures of
“foods that you find personally irresistible and that you could keep
eating until bingeing.” Thus, in contrast to previous studies, e.g.,
(19), we used the same instructions for patients and controls. To
our knowledge, there are no studies on the late neural correlates
of binge food cue processing in BN.

As control cues, we displayed pleasant, unpleasant, and neutral
pictures that allow an inference of the motivational relevance that
patients assign to food cues (20,21). Because personalized food
picture selection would prompt greater familiarity with food com-
pared with other cues, each participant also selected the affective
and neutral stimuli. We chose homogeneous affective contents
(22), and for pleasant pictures, we chose pictures of erotic content.
Erotica consistently prompt great physiological reactivity in both
men and women (3). Bulimic women, based on clinical observation
and self-reports, seem to be sexually more promiscuous but also ex-
perience great body dissatisfaction, even greater than that of anorec-
tic women (23-25). In all women, however, certain erotic cues
prompt reactions that indicate aversion—increase in corrugator
muscle and startle blink reactivity (3). Because we did not want to
confound bulimia subjective aversion to body cues with women's
mixed motivation toward sexually explicit images, we selected pic-
tures of erotic couples, which in women prompt the greatest startle
reflex inhibition, which is indicative of appetitive processing (3).
Moreover, because it has been observed that the LPP during erotic
cues increases with greater sexual promiscuity (26), we additionally
adjusted for the number of sexual partners in the past year. To our
knowledge, there are no studies on the neural correlates of erotic
stimulus processing in BN.

In sum, this work aims to investigate the motivational salience,
as indexed by the LLP, of diverse emotional stimuli in women
diagnosed with BN and healthy controls, with a special focus on
the impact of individualized food and erotic cues on the late neural
components.

METHODS AND MATERIALS

Participants

The study examined 24 healthy women and 24 women with a diagnosis of
BN (4/24 with a subthreshold diagnosis, following Stice and colleagues
(27)). Participants were recruited from the University of Granada population
and received up to €40 for their participation. Physiological data collection
took place between May 2015 and March 2017. Exclusion criteria were
the following: current pregnancy; past or present drug abuse; visual, audi-
tory, cardiovascular, neurological, or psychotic disorders; and current treat-
ment for eating or weight-related disorders. DSM-5 criteria for eating
pathology were evaluated by a trained psychologist using the ED Examina-
tion (EDE-17 (28)). The number of sexual partners in the past year was
assessed following previous literature (26,29). Furthermore, Spanish-
validated scales were used to evaluate disordered eating attitudes and be-
haviors (30), bulimic symptoms (31), state and trait food cravings (32),
generalized anhedonia (33), trait anxiety (34), and depression (35). To qualify
as healthy controls, participants had to report no bulimic attitude or symptom
(EAT<20; BITE<10). BN patients and healthy controls were matched
case-by-case for age and body mass index. Before EEG recording, objective
and subjective indices of hunger were collected (36).

Stimuli

Participants viewed 6 repetitions of a set of 16 pictures, belonging to 4 dif-
ferent categories: high-calorie foods (#» = 4) and nonfood pleasant (n = 4),
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neutral (n = 4), and unpleasant (» = 4) cues. Each participant selected her
own set of pictures.

Women's ratings obtained in previous Spanish normative studies
(37-40) were used as a reference to select an initial pool of 32 pictures.
Emotional and neutral nonfood images were taken from the International
Affective Picture System (IAPS) (41) and consisted of erotic couples
(n = 8; IAPS codes: 4643, 4652, 4658, 4668, 4669, 4670, 4672, 4676),
neutral objects (n = 8; IAPS codes: 5531, 7002, 7009, 7025, 7175,
7224, 7233, 7235), and human attacks (n = 8; IAPS codes: 6230, 6231,
6244, 6263, 6312, 6313, 6530, 6571). Food images, sweet or salty,
consisted of four images: two high-calorie food pictures, which each partic-
ipant selected from among 8 that were taken from the Open Library of Affec-
tive Foods (OLAF) and ranked the highest in normative ratings (37) (OLAF
codes: fat 0018, fat 0037, fat 0224, fat 0655, sug 0013, sug 0072,
sug_0096, sug_0157); two personalized high-calorie food pictures, which
each participant selected from the web with the assistance of an experi-
menter. Table S1 (Supplemental Digital Content 1, http://links.lww.com/
PSYMED/A564) displays normative affective ratings, collected among
Spanish women, of the initial pool of IAPS and OLAF images. Before
the diagnostic interview, each participant selected, from this set of 32 im-
ages, her own set of nonfood pleasant (n = 4), neutral (n = 4), and unpleas-
ant (n = 4) and food (n = 4) pictures: All pictures were printed in color on
A4 plastic sheets (210 x 297 mm or 8.27 x 11.69 in. and included in 4
folders, one per category, following 4 orders that were randomized across
participants. For each category, the participant had to choose and rank the
4 images that made her feel the most “stimulated, excited, frenzied, jittery,
wide-awake, aroused” or, for neutral pictures, the pictures that made her feel
the most “completely relaxed, calm, sluggish, dull, sleepy, unaroused” (41).
Thus, we used the same instructions for food and nonfood images and, for
erotica, we avoided the ambiguity in the women's pleasure ratings. Next,
the participant was required to identify two “foods that you find personally
irresistible and that you could keep eating until bingeing.” The participant
then had up to 5 minutes to search the web for naturalistic pictures that best
represented such foods. An experimenter assisted, and they ensured that the
caloric content was high, that the pictures had a high digital resolution and
that the food was displayed on a nonuniform background that matched the
perceptual properties of the IAPS pictures (37). The same instructions were
used for patients and controls.

Procedure

The University of Granada ethics committee certified that the study com-
plied with the Declaration of Helsinki (IRB # 699). Figure 1 shows the par-
ticipant selection procedure that led to the two experimental sessions. The
first session (i.e., diagnostic interview and picture selection) took place at
the UGR CIMCYC Clinical Psychology Unit. After signing the informed
consent form, the participant personally selected the pictures. Next, her
body mass index was estimated using an electronic body composition ana-
lyzer (Tanita Model 300MA, Chicago, IL) and a Leicester height measure
stadiometer recorded to the nearest millimeter. The participant was then ad-
ministered the semistructured ED examination (28) that ended after 1 to
1.5 hours, with standardized questions on the number of sexual partners
during the past year (29). Afterward, some prescreening questionnaires
(i.e., BITE and EAT) and surveys on depression (BDI) and trait anxiety
(STAI) were completed. Finally, the experimenter double-checked the “per-
sonally irresistible foods” so that the participant could repeat the picture se-
lection if necessary. The EEG session took place approximately 1 week
later, in the morning (9:30 AM-12:00 PM) or in the afternoon
(4:30-6:00 PM), at the UGR CIMCYC Laboratory of “Human Psycho-
physiology and Health.” To control for the impact of hunger on ERPs
(2), participants were instructed to have a small snack—toasted bread
with butter (1038 kcal) or olive oil (1193 kcal) —2.5 hours before
EEG recordings. After arrival at the laboratory, a glucose test assessed
if they adhered to the instructions. Participants were rescheduled if they
did not comply, or if they were ill, had menstruated, or had been
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Bulimia Nervosa: Food and Erotic Cue Processing

Assessed for eligibility and invited to participate, n 1878
Questionnaires on disordered eating: BITE, EAT
Self-reported BMI

Questionnaires: low scores Questionnaires: above cut-off
Self-reported BMI: 18.5-27 Self-reported BMI: 18.5-27
Healthy control/HC candidates, n 66 Bulimia nervosa/BN candidates, n 111

Phone interview (exclusion criteria), n 177
Criteria: current pregnancy; past and present drug abuse;
visual, auditory, cardiovascular, neurological, or psychotic disorder;
current treatment for eating or weight-related disorders

' HC excluded
ror not interested, n 25

Meet inclusion criteria Meet inclusion criteria
Interested in participating Interested in participating
HC, n 41 BN, n 92
FTTTTTTT T TN FTTTTTTTTT TN
| Did not show up ! ; Did not show up !
! HC,n6 N ! BN, n5 !

Diagnostic Interview
Eating Disorders Evaluation/EDE
Real BMI
(HC, n 35; BN, n 87)

| ED symptoms E 1 Did not meet criteria !
| HC excluded,n8 r------------------1  poooooooooooooo-oooo- | BN Excluded, n 59 !
e e e e e e e e e e e e e e e e e e e e e e -
No ED symptoms BN diagnosis
18.5<BMI<27 18.5<BMI<27
HC, n 27 BN, n 28

EEG data recording
Participants assigned to 1/4 pic orders

'Unusable EEGdata | ____________________|] 4: Unusable EEG data |

' HC excluded,n3 | ' BN excluded,n4 |

EEG data analyses

Healthy controls Bulimia nervosa

n24 n24

FIGURE 1. Participant flowchart.
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involved in extreme physical activity within 24 hours of the session. The
EEG sensor net was then attached, while participants were seated in a
comfortable recliner in a sound-attenuated, dimly lit room. Next, the experi-
menter asked questions on current hunger level. After controlling the signal,
participants were told that a series of pictures would appear and that they had
to view each picture the entire time that it was on the screen, remaining as
still as possible. Between pictures, participants had to comfortably focus on
a central dot. Picture delivery on a 19" flat screen, situated 60 cm from the
participant, was controlled by a computer running Presentation (v.16.3, Neu-
robehavioral Systems, San Francisco, CA). After a 5-minute baseline, the
96 picture trials were displayed, following this structure: 4-second baseline,
6-second picture viewing, 4-second postpicture, followed by a variable
ITI (6-8 seconds). Picture viewing lasted 35 minutes. Four pseudoran-
domized picture orders, equally distributed across participants, avoided
picture repetitions, but allowed a few category repetitions, to decrease pre-
dictability. After EEG net removal, participants rated the pictures using a
computerized version of the Self-Assessment Manikin (42). The partici-
pants then completed some screening questionnaires again (32,43), before
being thanked, debriefed, and compensated.

EEG Recording and Analysis

EEG was measured using the ActiveTwo BioSemi system (BioSemi,
Amsterdam, the Netherlands) from 64 scalp sensors, organized following
the 10/20 system. Two additional sensors served as reference (Common
Mode Sense (CMS) active electrode) and ground sensors (Driven Right
Leg (DRL) passive electrode). Scalp impedance was kept less than 40 k(2.
EEG was recorded continuously at a sampling rate of 1000 Hz. EEG data
were downsampled offline to 512 Hz and digitally filtered from 0.01 to
40 Hz using BioSemi Decimator 85 and a MATLAB-based program
(44), respectively. An algorithm performed artifact detection and sensor in-
terpolation (45). On average, 87.0% of trials (for patients) and 86.2% (for
controls) were included. Processed EEG data were then referenced to Cz
and baseline corrected (200 milliseconds before picture onset) before aver-
aging by participant for statistical analyses. ERPs were averaged indepen-
dently for each sensor and picture category. To control the affective
modulation of early ERPs, the EPN sensor cluster was selected by identify-
ing and grouping occipito-parietal and occipital sensors with the largest mi-
crovolt difference between emotional and neutral pictures: PO3, POz, PO4,
01, Oz, and O2. The LPP sensor cluster was selected by identifying and
grouping centroparietal and parietal sensors that showed the largest microvolt
difference between emotional and neutral pictures: Cpl, Cp2, P1, Pz, and P2.
Using Statistica v.13 (Dell Inc, 2015), statistical analyses were run: for the
EPN, on the mean amplitude within a 200- to 300-millisecond time window
from picture onset; for the LPP, on the mean amplitude within a 500- to 800-
millisecond time window.

It must be kept in mind, however, that in the present study, the suitability
of interpreting EPN data is challenged by the slow presentation of the stimuli
(46), by the presence of faces in some but not all categories (47), and most
importantly by the reduced control over the perceptual features of the images,
which seem to modulate early ERPs more reliably than their motivational
content (48).

STATISTICAL ANALYSIS

Mixed analyses of variance (ANOVAs) were performed that in-
cluded picture category (food, erotica, neutrals, and unpleasant)
and diagnostic group as within- and between-participant variables,
respectively. The number of sexual partners during the past year
was analyzed as a continuous variable and as a dichotomous vari-
able, based on Binson and Catania's distinction between safe and
risky sexual habits (29). First, correlational analyses were run be-
tween the number of sexual partners and the LPP amplitude during
erotica. Next, risky/safe sexual habits were introduced as a dichoto-
mous variable in a x> test with diagnostic group, to investigate
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whether the diagnosis of BN had a strong association with risky sex-
ual habits. Finally, we performed an ANOVA on the mean LPP, in-
troducing diagnostic group and sexual habits as between-participant
variables and picture category as a within-participant variable, to in-
vestigate whether diagnostic group and risky sexual habits both
modulated the mean LPP amplitude during food and nonfood cues.
The level of significance was set to 0.05, Greenhouse-Geisser ad-
justments were applied whenever necessary, and partial n> was used
to report effect sizes, i.e., the proportion of the variance explained by
the factor under study. Significant main effects and interactions were
further investigated using pairwise comparisons.

RESULTS

Table 1 shows that the two groups were comparable regarding age
and body mass index as well as objective and subjective indices of
hunger, whereas they differed in dimensions of psychopathology.
Table 2 displays affective ratings of emotional and food pictures
for the current sample of bulimic and healthy women.

Subjective Ratings

Subjective ratings of pleasure and arousal did not differ between
bulimic patients and controls. For valence, a significant main effect
of picture category (£(2.71,124.76) = 222.7, p < .001, partial
1% = 0.829) indicated that in both patients and controls personal
foods prompted the greatest feelings of pleasure, followed by erot-
ica, neutrals, and human attacks (all p's <.001). For arousal, a main
effect of picture category (F(2.81,129.47) = 131.6, p <.001, partial
1% = 0.741) showed that both patients and controls were activated
the most during erotica, personal foods, and human attacks: these
categories did not differ from one another (all p's > .95) and all sig-
nificantly differed from neutral contents (all p's <.001). In contrast,
when dominance/control ratings were examined, in addition to the
main effect of image content (F(2.81,129.35) = 28.4, p <.001, par-
tial 1> = 0.381), a significant interaction between picture category
and experimental group (£(2.81,129.35) = 3.1, p = .030, partial
1% = 0.063) pointed out that bulimic patients felt less in control dur-
ing personal foods (p < .001), whereas they felt as in control as
healthy participants during erotica (p = .91).

ERPs: Early and Late Components

Early components (EPN) did not differ between bulimic partici-
pants and healthy controls. In line with emotion literature (6), a
main effect of picture category (£(2.71,122.42) = 15.7, p < .001,
partial n° = 0.255) indicated that compared with neutrals, erotica
prompted the greatest EPN (p <.001), followed by personal foods
and human attacks (p = .008 and p < .001, respectively) that did
not differ from one another (p = .58).

As for the LLP, Figure 2A shows ERP waveforms averaged
over centroparietal sensors for emotional, neutral, and food cues.
Consistent with the emotion literature, when we examined the late
time window (Figure 2B), we observed a significant main effect of
picture category (F(2.8,130.7) = 24.6, p < .001, partial > = 0.348)
that pointed out that compared with neutral pictures, erotica prompted
the largest LLP (p <.001), followed by human attacks (p = .003);
food and neutral objects prompted comparably low neural activity.
The main effect of diagnostic group was not significant, indicating
that patients and controls did not differ in baseline neural reactivity
to the stimuli. However, as seen in Figure 2C and 2D, follow-up
tests on the significant interaction between diagnostic group and
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TABLE 1. Participant Characteristics

Bulimia Nervosa: Food and Erotic Cue Processing

Measure

Healthy Controls (n = 24)

Bulimia Nervosa (n = 24)

Test and p

Demographics
Age
Body mass index, kg/m?
Sexual partners
European
Blood glucose, mg/dL?
Questionnaires
EAT-40
BITE
Symptom scale
Severity scale
Total
STAI-trait
BDI
FCQ-T
FCQ-S
SHAPS
Questions on current hungerb
Are you hungry? (yes/no)
How hungry do you feel?¢
How strong is your desire to eat?®
How full do you feel?®
How much food do you think you could eat?“
How long since your last meal? (in minutes)

19.7 (2.1)

22.2(2.3)
1.4(1.3)
95.8%

99.2 (13.0)

9.2(5.6)

20.5 (2.6)
22.7 (3.49)
1.8(1.7)
87.5%
95.4(12.6)

35.0(14.7)

F(1,46)=1.5,p=.23
F(1,46) = .4, p= 51
F1,46)=.9, p= .35
(2 =4.1,p=.39
F1,46)=1, p=.32

F(1,46) = 64.5, p < .001
F(1,46) =225.5, p<.001

F(1,46) = 95.3, p < .001
F1,46)=223.9, p<.001

F(1,46) = 44.3, p < .001
F(1,46) = 51.7, p < .001
F(1,46) = 39.8, p < .001
F(1,46) = 10.8, p = .002

F(1,46) = 7.3, p=.009

7’M=1,p=.75
F(1,46)= .3, p= .56
F(1,46) = .6, p= .46
F1,46)=1.8,p=.19
F(1,46) = 3.6, p = .066
F1,46)=.1,p= .82

EAT = Eating Attitudes Test-40 (30); BITE = Bulimic Investigatory Test Edinburgh (31); STAI = State-Trait Anxiety Inventory (34); SHAPS = Snaith-Hamilton Pleasure Scale
(33); FCQ-T/S = Food Craving Questionnaire-Trait/State (32); BDI = Beck Depression Inventory (35).

Values are presented as M (SD), unless otherwise indicated.

“ Blood glucose level was collected after arrival at the laboratory.

® Questions on current state of hunger were answered immediately before EEG recordings.

¢ Questions on hunger level (36) were measured on a 1-9 Likert scale.

picture category (F(2.8,130.7) =2.8, p =047, partial > = 0.057) in-
dicated that compared with healthy controls, women diagnosed with
BN showed enhanced LPP amplitude during pictures of binge foods

(p =.037) and erotic couples (p = .031).

Linear correlations, xz tests, and mixed design ANOVAs re-
vealed no relationships among number of sexual partners, diag-

nostic group, and mean LPP amplitude.

DISCUSSION

In this study, we presented pictures of personally irresistible
foods, erotic couples, neutral objects, and unpleasant scenes to
women diagnosed with BN and to women with a healthy rela-
tionship with food and their own body. The LLP showed a differ-
ent pattern in women diagnosed with BN compared with the
pattern in healthy controls: the amplitude of the LPP was larger

TABLE 2. Affective Ratings of Individually Selected IAPS and Personal/OLAF Pictures for Bulimic and Healthy Women (Current Sample)

Erotic Couples, M (SD)

High-Calorie, Foods, M (SD)

Neutral Objects, M (SD)

Human Attacks, M (SD)

BUL Contr BUL Contr BUL Contr BUL Contr
Pleasure 7.1(1.8) 7.3(1.2) 7.6 (2.0) 8.3 (0.9) 4.5(2.0) 4.5(1.7) 2.2(1.6) 1.8(1.2)
Arousal 7.1(1.8) 6.9 (1.6) 7.2(2.2) 7.2(1.6) 2.5(1.8) 2.2(1.8) 7.0(1.9) 7.0 (2.1)
Dominance 6.0 (2.1) 6.0 (1.4) 4.1 (2.4) 5.8 (2.1) 6.0 (1.8) 5.7 (1.9) 3.0 (2.0) 3.3(1.8)
M = mean; SD = standard deviation; BUL = bulimic participants; Contr = healthy controls.
All ratings are from adult women.
Boldface indicates significant difference between bulimic and healthy participants.
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FIGURE 2. A, Grand average ERP waveforms over centroparietal sensors (CP1, CP2, P1, Pz, and P2) during images displaying erotic
couples (blue line), personal foods (black line), human attacks (red line), and neutral objects (gray line). B, Mean ERP amplitudes for
erotic, personal food, neutral, and unpleasant cues in the LLP time window (500-800 milliseconds). As expected, the LPP was larger
during pictures displaying content with greater motivational significance (erotica and human attacks). Error bars represent 95% confidence
intervals. C, For each picture category and for each experimental group, scalp topography (top view) represents ERP amplitudes in the
LPP time window. Black dots display the centroparietal sensor cluster used for statistical analysis: CP1, CP2, P1, Pz, and P2. D, Mean
LPP amplitudes for erotic, personal food, neutral, and unpleasant cues for bulimic women and healthy controls. In bulimic women,
pictures displaying erotic couples and personal food cues elicited larger LPP amplitudes. Error bars represent 95% confidence intervals.

Color image is available only in online version (www.psychosomaticmedicine.org).

during binge food and erotic cues. Previous investigations focused
on the early neural correlates of BN and observed facilitated pro-
cessing of food and body cues (7,8). The current data are the first
findings on the late neural correlates of BN. The LPP is regarded
as a reliable indicator of motivational significance because, unlike
early components, it is less influenced by perceptual features, e.g.,
brightness, contrast, and complexity (6,48), and it has been shown
to reflect the activity of cortical and subcortical structures involved
in emotional picture perception (49). The observed results, there-
fore, provide physiological evidence of the undue relevance that
bulimic women assign to food and erotic cues.

The early stages of picture processing, reflected in the EPN,
can also be modulated by the motivational salience of the stimuli
(see, e.g., (6,46)). In the current study, each participant selected
her own pictures, and as a result, we could not control perceptual
features that could have modulated the EPN (48). Thus, although
the EPN seemed to be modulated by picture content and not by ex-
perimental group, the findings might be blurred by perceptual pro-
cessing rather than motivational salience, e.g., erotica, that
prompted the largest EPN, included faces, and displayed easily
recognizable naked bodies that could have biased EPN results.
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The presentation of personally selected irresistible binge food
cues was successful in prompting subjective feelings of arousal that
were, as expected, higher than those observed using nonpersonally
selected high-calorie foods (compare Table 2 and Table S1, Sup-
plemental Digital Content 1, http://links.Iww.com/PSYMED/
A564) and, most importantly, in differentiating the neural corre-
lates of bulimic women and controls. In a previous study, finger
pulse amplitude during binge food cues did not differ between bu-
limic patients and controls (18). The LPP could possibly differen-
tiate ED patients from controls because its affective modulation, in
contrast to peripheral measures, shows limited habituation across
trials (50,51).

Recent advances in mental health (52) propose a wider, dimen-
sional look at mental disorders, focusing on specific processes
with known neural bases, rather than diagnostics (e.g., see (53)).
Within this transdiagnostic perspective, food-related disorders
can be examined as a function of their specific neural correlates
during food cue processing. Studies that examined the LPP in obe-
sity repeatedly observed that obese individuals do not differ from
healthy controls in their overall neural response to food and non-
food stimuli (4,21). Therefore, the data suggest that excessive food
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intake is not by itself clearly associated with a larger LPP during
food cues. However, recent investigations ran additional cluster
analyses on obese and healthy participants' average LPP during
food and nonfood cues: the cluster analyses uncovered a healthy
endophenotype—characterized by reduced neural responses to
food cues and increased neural responses to erotica—and an aber-
rant endophenotype—characterized by exaggerated neural reactions
to food cues and blunted neural reactions to erotica. The latter
cluster consisted predominantly of obese individuals (21). In the
present study, to rule out the presence of such healthy/aberrant
endophenotypes, we ran further statistics that verified that these
patterns were not present in BN. Thus, BN, similarly to binge
ED (11), is associated with exaggerated late neural reactions to
food cues, suggesting that the loss of control or excessive control
over food could prompt pathological brain reactions to food cues.
Interestingly, studies that ran cluster analyses on the late neural
correlates of obesity (21) did not investigate the presence of binge
eaters among obese participants. Taken together, the data suggest
that pathological control/no control over food could be a key fac-
tor underlying exaggerated late neural correlates of disordered
food cue processing. The possible association between diametri-
cally opposed feeding behaviors is in line with recent animal stud-
ies on the etiology of food-related disorders (54,55), suggesting
that in rats specific gene mutations combined with environmental
changes alternatively prompt AN-like or BN/BED-like behaviors.

From a wider perspective for ED treatment, it has been put for-
ward that the focus be not only on disorder-specific cues—food
and bodies varying in shape—but also on stimuli that are regarded
as pleasant in the general population (56). Several recent studies
have included nonfood affective cues as controls (7,13,56,57).
However, most studies chose low-arousing cues with diverse con-
tent as pleasant control cues, such as landscapes, families, and
puppies. Some authors suggest that the absence of potent appetitive
stimuli, such as erotica. resulted in reduced physiological reactivity
to pleasant cues that limited the scrutiny of appetitive activation in
ED patients and controls (57). In the present study, pictures of erotic
couples were chosen as control cues, because in women, based on
startle reflex reactivity, they are associated with strong appetitive
processing and cause less subjective aversion than images display-
ing opposite-sex erotica, i.e., naked men (3).

There is surprisingly scarce research on ED women's sexuality,
and to our knowledge, it is exclusively based on clinical observa-
tions and self-reports (25,58,59). The current findings therefore
provide objective evidence that bulimic women, compared with
healthy controls, assign undue significance to erotic cues displaying
naked bodies. However, participants' LPP during erotica was not
modulated by the number of sexual partners during the past year.
The results are probably related to our selection of low-arousing
erotica, because in healthy controls the LPP modulation by past
sexual partners was observed during highly explicit erotic pictures
rather than less arousing IAPS images (26). Our goal was to select
erotic stimuli that were highly appetitive for women, who subjec-
tively tend to report a certain degree of avoidance toward sexually
explicit material, which is physiologically visible in the slightly
larger amplitude of the startle reflex (3). Our selection of IAPS
erotic couples, associated in women with the largest startle reflex
inhibition that is indicative of appetitive motivation (idem),
allowed us to confirm that the stimuli were highly positive, at least
for healthy controls. We can speculate that bulimic women's neural

Psychosomatic Medicine, V 81 « 527-535

Bulimia Nervosa: Food and Erotic Cue Processing

overreaction to pictures displaying erotic couples could reflect the
characteristic aversion to body cues (1) and pathological body dis-
satisfaction (23) seen in BN but also the context of social intimacy
that bulimic women tend to find less gratifying than healthy con-
trols (60). In our study, as typically observed, bulimic patients
scored high in anxiety and depression. Anxiety scores have been
related to the size of the LPP mostly during negative cues (e.g.,
(61,62)), whereas during rewarding cues, the association with
LPP amplitude seems less clear (63,64). As for depressive symp-
toms, it is more consistently accompanied by reduced LPP to
pleasant cues (65,66). Thus, we can hypothesize that bulimic
women's overreaction to binge foods and erotic couples might
be disorder-specific rather than related to depressive symptoms.
However, as mentioned earlier, pleasant stimuli typically consist
of low-arousing cues (e.g., landscapes, families, puppets...),
whereas erotic stimuli are less commonly used in clinical popula-
tions (57). It will therefore be especially informative to use the
LPP in addition to food cues to investigate how erotic cues are
processed in different food- and nonfood-related pathologies.

The LPP is an index of stimulus salience (6) that, unlike other
physiological measures, does not differentiate appetitive and aver-
sive motivation. As in AN (56,57), future studies that include
physiological measures that are modulated by the emotional con-
tent of the images—such as the startle reflex, facial electromyo-
graphy, and heart rate—could clarify whether the pronounced
neural reactions to erotic and food cues in BN signify exaggerated
pleasure, aversion, or a combination of both. In our study, bulimic
women reported feeling less in control during personal food cues,
whereas they felt equally in control as healthy participants during
erotic cues. Thus, based on subjective ratings, food cues were per-
ceived by bulimic patients as more unsettling than pleasant/erotic
cues. Interestingly, in a previous study from our laboratory, bu-
limic patients felt less in control during food as well as erotic cues
(67). We hypothesize that this divergence stemmed from the cur-
rent selection of erotic couples, which women experienced as
more pleasant compared with other explicit erotic content (3).
However, it must be kept in mind that ratings are known to diverge
from physiology (e.g., (67)), even more so when patients are con-
cerned (e.g., (68)), and that erotic cues have seldom been used as
pleasant cues in clinical populations (57). Accordingly, further
studies on the physiological correlates of BN are needed to clarify
the valence associated with food cues and erotica.

Previous studies (13,69) suggest that bulimia might be charac-
terized by coactivation of approach and avoidance that result in af-
fective ambivalence toward disorder-relevant cues (70), with an
additional mismatch between the subjective and physiological
measures (69). In contrast to late neural data that suggest exagger-
ated motivational relevance of food and erotic cues, ambivalent
peripheral physiological data could therefore confirm the mixed
nature of BN that, more than any other ED, might be characterized
by coactivation of approach and avoidance (13,71,72).
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