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Objective Emotional processing dysfunction evident in eating disorders (ED) such as anorexia nervosa (AN) and bulimia nervosa
(BN), is considered relevant to the development and maintenance of these disorders. The purpose of the current functional magnetic
resonance imaging (fMRI) study was to pilot a comparison of the activity of the fronto-limbic and fronto-striatal brain areas during an
emotion processing task in persons with ED.

Methods 24 women patients with ED were scanned, while showing emotionally stimulating (pleasant, unpleasant) and neutral images
from the International Affective Picture System (IAPS).

Results During the pleasant condition, significant differences in Dorsolateral Prefrontal Cortex (DLPFC) activations were found with
AN participants presenting greater activation compared to BN and ED comorbid groups (EDc) and healthy controls also showing greater
activation of this brain area compared to BN and EDc. Left putamen was less activated in EDc compared to both controls (C) and AN.
During the unpleasant condition, AN participants showed hyperactivation of the Orbito-Frontal Cortex (OFC) when compared to EDc.

Conclusion This study highlights the potential functional relevance of brain areas that have been associated with self-control. These
findings should help advance understanding the neural substrate of ED, though they should be considered as preliminary and be cau-

tiously interpreted.
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INTRODUCTION

Recent studies in eating disorders (ED) have found evi-
dence of emotional awareness and emotion processing altera-
tions in ED."” However, the current literature is not sufficient-
ly informative regarding the nature of emotional processing
in ED to develop a model on which to base therapeutic inter-
ventions. Emotional processes currently identified in ED im-
plicate amygdalo-cortical and cortico-striato-thalamo-cortical

re-entrant circuits®' in creating dysregulated appetitive be-
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haviours (e.g., food restriction, vomiting) in ED."

Based upon current studies of emotional processing in ED,
persons with anorexia nervosa (AN) may present with exag-
gerated cognitive control and seek to reduce negative emotions
and anxiety symptoms by restricting food; while those with
bulimia nervosa (BN) may have deficient cognitive control,
thus increasing the instability and erratic responding to appeti-
tive stimuli and obtaining a reduction of negative emotions
with binge eating and purging.’>"* Such impulsive eating be-
haviours are more frequently seen in EDs associated with bor-
derline personality traits.!*'® Based on this cognitive-control
model, extremes of eating behaviour would emerge from an
altered balance of reward and inhibitory processing.’® Conse-
quently this model for ED could be understood across an im-
pulsive-compulsive spectrum: from obsessive disorders, with a
greater tendency to harm avoidance and compulsive behav-
iours at the compulsive end (AN restrictive) in contrast to
those with high impulsivity, with a tendency towards harm
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avoidance-AN binge-purging, BN and borderline personality
disorder (BPD)-.!*""** Regarding brain functioning, cortico-
striatal circuit dysfunction may be implicated in suppressing
or inhibiting inappropriate behaviours that underpin impul-
sive and compulsive symptomatology in obsessive-compul-
2% and also in emotional processing and regu-
lation processes,”* and therefore they may be of interest in
the study of ED.

Neuroimaging techniques offer a window into the activity of

sive disorders

neuronal circuits involved in emotional processing in ED.***
These functional MRI (fMRI) studies in ED have used body
images or food paradigms as aversive stimuli mainly.*** How-
ever, the paradigms and methodologies used in these studies
vary greatly, making it difficult to draw coherent conclusions.
Moreover, compared to these previous paradigms, the use of
general emotional stimuli may allow better understanding of
emotional processing in general in EDs, since emotional pro-
cessing is considered a core symptom related to eating behav-
iours (i.e., restricting, purging) and it might not be only a con-
sequence of food or body shape. From this point of view the
International Affective Picture System (IAPS)," which consist
of a well-characterized collection of visual coloured images de-
signed to evoke either neutral, positive or negative emotional
states, seems a suitable tool. To our knowledge, although some
studies have used IAPS to test the emotional reactivity of ED

patients to social situations,” no previous fMRI emotional
processing studies in ED have focused on general, as opposed
to disease-specific, emotional stimuli. fMRI studies in healthy
persons have identified brain networks involved in emotion
processing mechanisms, a number of them employing images
from the IAPS.* In healthy individuals, viewing of emotional
pictures is associated with activation in prefrontal cortex areas
(dorsolateral, ventromedial and orbitofrontal),” ¢ amygdala-
hippocampal regions** and basal ganglia,* among others.
The purpose of the present study was to explore the general
emotional processing in ED, through using a small subset of
complex visual scenes (depicting happiness, fear, anger, or
threat), derived from the IAPS as stimuli.*! Based on the above
previous studies, we hypothesized that AN patients may be
able to inhibit appetite and exert extraordinary self-control be-
cause of exaggerated cortico-amygdalar and cortico-striatal
circuit function (hyperactivation); whereas individuals with
BN may be more vulnerable to overeating because they have
less top down regulation, i.e., self-control, probably due to a
lower activation of cortico-amygdalar and cortico-striatal cir-
cuits (hypoactivation) when presented with emotional eliciting
cues (Figure 1). On the other hand, a high prevalence of bor-
derline personality disorder has been reported in BN and pur-
gative AN,' which sometimes might complicate the differen-
tial diagnosis and have BPD-associated hypofunction of
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Figure 1. Diagram of impulsive-compulsive spectrum disorders. On the left: “compulsive end,” mainly represented by disorders where ob-
sessions and compulsions are prominent (AN, OCD, Tourette Sd: Tourette’s Syndrome). On the right: “impulsive end,” where impulsivity
plays a crucial role (e.g., BN, EDc, and BPD).? Tourette Sd: Tourette’s Syndrome, OCD: Obsessive Compulsive Disorder, ANr: restrictive
Anorexia Nervosa, ANbp: binge purging type Anorexia Nervosa, BN: Bulimia Nervosa, EDc: Eating Disorder with comorbid with borderline

personality disorder.
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regions of prefrontal cortex.”” A subgroup study of ED with
BPD comorbidity was performed to differentiate from the
other pure ED groups.

METHODS

Subjects

Twenty-four female patients diagnosed with either AN
(n=8), BN (n=9), or eating disorder comorbid with border-
line personality disorder, ED+BPD (EDc) (n=7) were recruit-
ed. Patients with EDc had comorbid diagnoses of BPD and
BN. All of them were current outpatients at a major teaching
Hospital in Madrid (Spain), were stable (had not had any hos-
pitalization during the last year and were on regular ambula-
tory treatment), had similar sociodemographic characteristics
and were receiving regular ambulatory treatment (all of them
were receiving Cognitive Behavioural Therapy, and might be
taking SSRI or benzodiazepines). None of them had been tak-
ing antipsychotics for the last 6 months.

Diagnoses were made by experienced psychiatrists (M.D.M;
R.M.M.R) according to DSM-IV-TR criteria;* clinical diag-
nostic subtyping was made on the basis of current symptoms
at the time of the study.

A control group of healthy females, C (n=19), were recruit-
ed by advertisement at University Complutense of Madrid
and Hospital Clinico San Carlos, Madrid. They were of the
same age range, education and socioeconomic level.

All patients and controls were interviewed by means of the
Structured Clinical Interview for DSM-IV (SCID-I and II)¥
to evaluate Axis I and Axis II diagnosis, and to exclude co-
morbid Axis I mental disorders in the ED groups. Compre-
hensive assessments were undertaken to exclude any potential
major medical disease such as a history of head trauma, neu-
rological disease, substance use disorders or any other major
medical illnesses. We also ensured that controls had no histo-
ry of ED or any current of past Axis I or Axis II disorder.

Ethical approval for the study was obtained at Hospital Clini-
co San Carlos, Madrid Clinical Ethics Committee (E-07/121).
Written informed consent was provided by all participants.

Impulsivity and bulimic eating behaviors were assessed us-
ing both self-report questionnaire measures: 1) impulsivity
was assessed with the Barratt impulsiveness Scale (BIS)***!
30-item questionnaire describing common impulsive or
non-impulsive (for reverse scored ftems) behaviors and pref-

a

erences. Items are scored on a 4-point scale: rarely/never=1,
occasionally=2, often=3, almost always/always=4. The BIS is
one of the most commonly administered self-report mea-
sures for the assessment of impulsiveness in both research
and clinical settings. For the behavioural assessment of im-
pulsivity, we focused on the general punctuation scale. 2)
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Bulimic behaviors were assessed with a self-rating scale, the
Bulimic Investigatory Test, Edinburgh (BITE) for the detec-
tion and description of binge eating.’** BITE is a 33-item
self-report measure designed to identify individuals with
symptoms of bulimia or binge eating. It consists of two sub-
scales: the symptom scale (BITE-sas), which measures the
degree of symptoms present, and the severity scale (BITE-ss),
which provides an index of the severity of binging and purg-

ing behavior as defined by their frequency.
Procedures

Imaging acquisition

BOLD functional images were obtained for all participants
on a 1.5T General Electric Sigma MRI scanner (GE, Milwau-
kee, WI, USA) [repetition time (TR)/echo time (TE)=3,000/50
ms, field of view (FOV)=22X22 c¢m, 64X64 pixel matrix, 20
axial slices per scan, slice thickness=5 mm, gap=1.5 mm].

A total of 204 whole brain volumes were acquired for each
run. The first two scans were discarded from analysis to allow
magnetic saturation effects. All scanning parameters were se-
lected to optimize the quality of the BOLD signal while main-
taining a sufficient number of slices to acquire whole-brain
data. Stimuli were presented via a back-projection system.

Experimental paradigm

The paradigm consisted of two sequences of alternating
blocks with experimental conditions that involved the presen-
tation of “emotionally stimulating” versus neutral images
from the IAPS (pleasant-neutral and unpleasant-neutral se-
quences). IAPS includes a standardized and well-character-
ized collection of visual coloured images designed to evoke
either neutral, positive or negative emotional states.>* Twenty
unpleasant pictures selected from the IAPS, consisted of neg-
ative-emotionally evocative images, e.g., injured people,
snakes or spiders; while other 20 pleasant pictures were se-
lected from IAPS and consisted of positive-emotion evoking
images, e.g., images of happy couples and family or nice land-
scapes. Finally 20 neutral-valenced pictures were selected to
show daily-life objects such as chairs, books or tables.

Each sequence consisted of a total of 7 blocks (3 stimulat-
ing blocks interleaved into 4 neutral control blocks). Each
experimental block consisted of 7 stimuli sequentially pre-
sented for 3 seconds. The order of the stimuli was counter-
balanced across participants. The paradigm was repeated
twice for each participant.

Subjects rested supine in the scanner while viewing the im-
ages and were instructed to keep their eyes open to watch all
images and to allow themselves to “feel whatever emotion the
slides produced” During the rest condition, 30 seconds before
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the first image block and between each positive and negative
image block, the patient was told to “relax” (Figure 2).

Image pre-processing and data analyses

We performed image processing and statistical analyses
fMRI data using the FMRIB Software Library (ES.L.) version
4.1.9 (FMRIB, Oxford, Oxfordshire, UK). Image pre-processing
included motion correction, slice timing correction, normaliza-
tion to the MNI 152 standard space, and spatial smoothing
with a 10 mm full width at half maximum (FWHM). Voxel size
after the reconstruction was 2X2x2 mm’.

Statistics

We analyzed the data using SPSS 15.0 (SPSS Inc., Chicago,
IL, USA). Descriptive statistics were used to report the fre-
quencies for the categorical variables and the mean value
with the standard deviation (SD) for the continuous vari-
ables. Unpaired ANOVA and T-test were used to evaluate the
differences among differente groups. To analyse the images,
we performed planned three-stage statistical analyses:

1) In the first stage, we obtained the mean response for
each subject to the pleasant and unpleasant paradigms. In a
first level analysis, correlations between the BOLD response
and emotional condition in each single session were exam-
ined at whole brain level. The emotional stimuli were mod-
elled by a square waveform convolved with a gamma func-

Pleasant picture

Resting condition

30 secs Neutral

Neutral picture 3 secs

Pleasant

3 secs Neutral

Total: 147 seconds

Unpleasant IAPS picture

Resting condition

30 secs Neutral

Neutral picture 3 secs

Unleasant

3 secs Neutral

Total: 147 seconds

Figure 2. fMRI paradigms. Alternated blocks Neutral/Pleasant (N/
P), Neutral/Unpleasant (N/U). fMRI: functional magnetic reso-
nance imaging, IAPS: the International Affective Picture System.
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tion plus temporal and dispersion derivatives. The contrasts
of interest were pleasant versus neutral and unpleasant versus
neutral. In a second level of analysis, results were accumulat-
ed across sessions to obtain the mean response for each sub-
ject using a FWE-corrected cluster extent threshold (ppyz=
0.05) to correct for multiple comparisons.

2) The second stage involved planned within-group and
between-group analyses. Specifically for between group anal-
yses we analysed all ED groups combined compared to con-
trols. We also analysed the subgroups as ED are recognised
as phenotypically heterogeneous comprising AN, BN and
comorbid with BPD groups.

* For each group, a t-test was defined in order to study the
mean group effect, that is, if the group activated on average.

* In order to find significant differences between groups, C
group was compared with the whole eating disorder group (ED)
and each subgroup (AN, BN, EDc) and also subgroups were
compared between them. For each comparison, two t-tests
were defined to find out, not only the existence of differences
between groups, but also the direction of these differences.

3) Finally, on the third stage of analysis, we analysed differ-
ent Regions of Interest (ROI). For each ROI, we report activa-
tions that surpass the uncorrected threshold (pu..<0.001), and
at the same time surpass the FWE-corrected cluster extent
threshold (prwe=0.05) to correct for multiple comparisons.

ROIs were defined using the “Harvard-Oxford Atlas™® and
included the amygdala, striatum (caudate and putamen) and
parts of prefrontal cortex (PFC) such as the dorsolateral pre-
frontal cortex (DLPFC), orbitofrontal cortex (OFC), medial
prefrontal cortex (MPFC) and frontal pole (FP), areas in-
volved in emotion processing and regulation.*>*

RESULTS

Sociodemographic data are summarized in Table 1. There
were no significant differences in mean age between the ED
as a group compared to controls. Controls were significantly
younger on average compared to the AN and EDc groups
(C<AN, p=0.05). These differences (all patients and controls
ranged between 20 and 40 years) were not considered signifi-
cant for functional analysis and given the small sample they
were not analysed as a covariate.

On average, body mass index in BN was higher compared
to all other three groups, though the greatest difference was
found between AN and BN, as expected.

Education level was similar between eating disorder groups
but participants in the healthy control group showed greater
educational level compared to BN and EDc groups.



Table 1. Demographic variables
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Variable AN (N=8) BN (N=9) EDc (N=7) C (N=19) p Comparison
Age, years, Mean (SD) 30.13 (9.25) 28.44 (11.21) 32(10.47) 23.18 (2.404) 0.05 C<AN & EDc
BMI, kg/m?, Mean (SD) 16.92 (2.80) 25.90 (7.54) 19.69 (5.13) 19.79 (1.54) 0.002 BN> C,EDc, AN
Education (years) 15.14 (2.54) 14.67 (2.44) 13.20 (1.78) 16.33 (1.41) 0.16 C>EDc & BN
Barratt 35(5.31) 52.78 (9.92) 63.43 (15.38) 33.94 (5.76) 0001  EDc>BN,AN&C
BITE 13.38 (8.89) 26.78 (6.45) 21.71 (7.91) 347 (3.24) 0.001  BN>EDc, AN &C

Age, Body Mass Index (BMI), Education, BITE and Barratt scales according to diagnosis. p<0.05. AN: anorexia nervosa, BN: bulimia nervo-
sa, EDc: eating disorder comorbid with borderline personality disorder, C: control, BITE: Bulimic Investigatory Test, Edinburgh

Table 2. Pleasant paradigm

PleasantNeutral C (N=19) AN (N=8) BN (N=9) EDc (N=7)
p P P p
VMPFC 0.000052 0.0034 0.000094 0.000208
OFC 0.000025 0.000079 0.000023 0.000868
Frontal Pole 0.000015 0.000308 0.000019 0.000208
DLPFC 0.000019 0.0011 0.000021 0.000872
Left Amygdala 0.000208 0.00012 0.000830 0.007
Left Caudate 0.00026 0.00063 0.0023 0.00079
Left Putamen 0.00074 0.0015 0.0029 0.003
Right Amygdala 0.000066 0.000080 0.000303 0.006
Right Caudate 0.000053 0.000553 0.000775 0.010
Right Putamen 0.000211 0.0019 0.000480 0.019

Regions found significantly activated by subgroups and by ROI. Activation=p<0.05. ROI: region of interest, MVPFC: ventro medial prefron-
tal cortex, OFC: orbitofrontal cortex, DLPFC: dorsolateral prefrontal cortex

Pleasant paradigm, within group analysis

Group activation maps are shown in Table 2. All areas of
emotional processing and regulation measured, cortical and
subcortical (PFC, amygdala and striatum) were activated in
the control group. Similar results were obtained for AN and
BN groups excepting the regions: VMPFC and left putamen
in AN, left putamen and caudate in BN. EDc did not show
activation in the subcortical regions (amygdala, caudate and
putamen) except for left caudate, although all prefrontal ar-
eas were activated in this group.

Unpleasant paradigm, within group analysis

Group activation differences are showed in Table 3.

When comparing unpleasant-neutral images between sub-
groups we found that: control group showed more activation
in all selected regions when exposed to unpleasant images
compared to neutral ones, except for VMPFC and left puta-
men. Patients with AN mainly activated DLPFC, FP and left
amygdala, while those with BN and EDc barely activated FP
and DLPFC respectively.

Pleasant paradigm, between group analysis
When comparing the activation between patients as a

whole group (all ED subtypes) and controls, no statistically
significant differences were found in any of the brain areas
selected in this study.

When doing the analysis by subgroups and by ROI, the
following differences were found (Table 4 only showing those
contrasts that became statistically significant):

- DLPFC was more activated in AN and C compared to
BN and EDc. There was also a tendency towards greater acti-
vation of DLPFC in AN versus controls (x: 50.0, y: 34.0,
2:12.0; p: 0.0015).

- Left putamen was more activated in control group com-
pared to EDc and in AN compared to EDc.

- FP showed greater activation in AN compared to BN and
EDc, as well as in controls compared to AN (C>AN>BN> EDc).

Activation maps of more representative results are shown
below (Figures 3 and 4). Images from fMRI show brain acti-
vation (colored dots) overlaid on a transverse slice of the cor-
responding structural brain image (grayscale).

Unpleasant paradigm, between group analysis
During unpleasant paradigm, no statistically significant

differences in activation (in any of the brain areas selected)

were found when comparing the ED group as a whole (in-

www.psychiatryinvestigation.org 229



Emotional Processing in Eating Disorders

Table 3. Unpleasant paradigm

Unpleasant-Newtral C (N=19) AN (N=8) BN (N=9) EDc (N=7)
p p p p
VMPEC 0.012 0.013 0.002 0.02
OFC 0.000158 0.0012 0.002 0.003
Frontal Pole 0.000168 0.000496 0.000796 0.003
DLPEC 0.000294 0.000102 0.002 0.00022
Left Amygdala 0.000765 0.003 0.007 0.011
Left Caudate 0.000116 0,003 0.004 0.005
Left Putamen 0.002 0,002 0.011 0.006
Right Amygdala 0.0010 0.000705 0.016 0.049
Right Caudate 0.000083 0.002 0.003 0.056
Right Putamen 0.0010 0.001 0.01 0.081

Regions found significantly activated by subgroups and by ROIL Activation=p<0.05. ROIL: region of interest, MVPFC: ventro medial prefron-
tal cortex, OFC: orbitofrontal cortex, DLPFC: dorsolateral prefrontal cortex

Table 4. Pleasant paradigm

Standard space. montreal neurological institute

ROI Contrast X y Z T Unc. p-value
DLPFC AN>EDc 50.0 38.0 12.0 4.208 0.0008
AN>BN 46.0 36.0 14.0 4.359 0.0005
C>BN -54 10 50 3.883 0.0009

C>EDc 40 -6 56 4.92 0.00009

Left Putamen C>EDc -26 -10 4 4.269 0.00043
AN>EDc -28 -10 4 4.59 0.0004
Frontal Pole C>AN -56 38 6 3.947 0.0009
AN>EDc 50 38 12 4.208 0.0008
AN>BN 46 36 14 4.359 0.0005

Group comparisons. Only significant results are shown in this table. Unc. p-value: uncorrected p-value. AN: anorexia nervosa, BN: bulimia
nervosa, EDc: eating disorder with comorbid with borderline personality disorder, C: controls, ROIL: region of interest, VMPFC: ventromedial
prefrontal cortex, OFC: orbitofrontal, Cortex; DLPFC: dorsolateral prefrontal cortex. Voxel size: 2X2Xx2 mm’®

cluding all ED subtypes) with controls.

On analysis the data by subgroups during the unpleasant
paradigm, the following significant differences were found
(Table 5): greater activation of FP when all patients as a group
were compared to controls; greater activation in AN group
when compared to EDc in Orbitofrontal cortex (OFC); greater
activation of FP in AN, BN and EDc when compared to con-
trols and BN when compared to AN.

Activation maps of more representative results are shown
below. Images from fMRI show brain activation (colored dots)
overlaid on a transverse slice of the corresponding structural
brain image (grayscale) (Figure 5).

DISCUSSION
The purpose of the present study was to explore the general
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emotional processing response in ED, in order to develop hy-
potheses and directions for further research. We hypothesized
that an increased emotional reactivity more characteristic of
BN and EDc patients might be a consequence of their inability
to adequately engage a reflective -executive system (prefrontal
areas) and thus rely heavily upon more automatic response
systems (amygdala and basal ganglia). We also hypothesized
decreased emotional reactivity and over-control of emotions
in AN would be a consequence of hyperactivation of prefron-
tal brain regions (dorsolateral and orbitofrontal), involved in
reflective cortical processing and executive control.

To our knowledge, no previous functional neuroimaging
studies have used general emotional stimuli (e.g., IAPS) as a
paradigm for emotional processing in ED.* Pictures in IAPS
identified as pleasant as well as unpleasant were experienced
by participants as stimulating compared to neutral pictures,
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Figure 3. Pleasant stimuli. Dorsolateral Prefrontal Cortex (DLPFC), ROI-based analyses. AN and BN subgroups comparison (AN>BN).
Transverse slice. ROI: regions of interest, AN: anorexia; BN: bulimia nervosa.

Figure 4. Unpleasant stimuli. Dorsolateral Prefrontal Cortex (DLPFC), ROI-based analyses. C and EDc subgroups comparison (C>EDc).
Transverse slice. ROI: regions of interest, C: control, EDc: eating disorder comorbid.
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Table 5. Unpleasant paradigm

Standard space. montreal neurological institute

ROI Contrast X y z T Unc. p-value
OFC AN>EDc 24.0 12.0 -20 4.126 0.001
Frontal Pole AN>C -42 64 2 4.063 0.0007
BN>C -44 52 -10 5.027 0.00009
EDc>C -40 48 -6 3.938 0.0009
BN>AN 22 40 14 4.192 0.0007

Group comparisons. Only significant results are shown in this table. Unc. p-value=uncorrected p-value. AN: anorexia nervosa, BN: bulimia
nervosa, EDc: eating disorder with comorbid with borderline personality disorder, C: controls. ROIL: region of interest; VMPFC: ventromedial
prefrontal cortex, OFC: orbitofrontal cortex, DLPFC: dorsolateral prefrontal cortex. Voxel size: 2x2Xx2 mm’

Figure 5. Unpleasant stimuli. Orbitofrontal cortex (OFC), ROI-based analyses. AN and EDc subgroups comparison (AN>EDc). Transverse

slice. AN: anorexia nervosa, EDc: eating disorder comorbid.

validating the emotional salience of our paradigm.

Within group analysis examined functional responses to
emotionally stimulating stimuli (pleasant or unpleasant ver-
sus neutral) for each group of participants. Controls showed
increased BOLD responses to both pleasant and unpleasant
stimuli compared to neutral ones, in all selected brain re-
gions that have been repeatedly shown to be relevant for
emotional processing and regulation: PFC, amygdala and
striatum.”” " In contrast, ED subgroups failed to show this
default response in some of the selected brain areas (Table 2
and 3). The majority of patient groups showed activation at a
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cortical level (PFC), lacking subcortical activation (amygdala
and striatum), especially during the unpleasant condition.
Preliminarily, these results might indicate a difficulty in ade-
quately engaging brain circuits involved in emotional pro-
cessing in those with EDs.

There may be a number of explanations for a lack of func-
tional activation of subcortical areas in ED groups in general
emotional processing:

1) A deficit in the first stage of emotional recognition.
However, this explanation contrasts with previous studies
that found greater activation in subcortical structures such as



amygdala in ED patients,”>* which had used specific aversive

stimuli (food or body silhouettes).

2) An excessive activation of PEC via “top-down”*

regu-
lation (cognitive control), that could lead to a relative deacti-
vation of the amygdala and striatum, as it has been shown in
previous studies where labelling a stimulus image (e.g., nam-
ing the expected affect), resulted in a reduction in amygdala
activity. >

3) Finally, a disconnection or desynchronization might ex-
ist between cortical structures (PFC) and subcortical regions,
as has been seen in BPD patients.*®

The second phase of analysis included between group com-
parisons for each specific paradigm (pleasant-neutral and un-
pleasant-neutral). No differences were found when comparing
all combined ED as a group versus controls whether during
pleasant or unpleasant paradigm. Since ED include both sub-
groups of AN and BN and EDc (polar opposite groups of what
we have hypothesized as the impulsive-compulsive continu-
um), we infer that it is possible the summation of hypo and
hyper-activity from respective ED groups which yields an
overall null difference.

Analysis by subgroups during the pleasant paradigm showed
greater activation in AN in the DLPFC, frontal pole and left
putamen compared to EDc, and a tendency towards greater ac-
tivation of DLPFC in AN versus controls was also observed.
However, these are acknowledged as exploratory findings due
to the small subgroup sample size.

The DLPFC is part of the cognitive control network and
has been associated with restriction of appetitive respons-
es.%% Differences found in the DLPFC between AN and EDc
and BN and controls, may be tentatively interpreted in terms
of a greater tendency to restrict emotions in AN -through
“top-down” mechanisms of PFC inhibiting subcortical struc-
tures.'>®”! In partial support of our findings, in BN patients, a
deficiency of activation of prefrontal brain regions during ap-
petitive stimuli has been demonstrated.***”>”* However, a PET
study indicated that regional cerebral blood flow (rCBF) nor-
malized with long-term recovery in AN and BN.”

Similar results were found in the Frontal Pole (FP) regions
(greater activation during the pleasant paradigm in AN com-
pared to BN and EDc but not compared to controls).

Taking into account that BN and EDc groups showed less
activation in the DLPFC when compared to controls, we can
therefore suggest there may be a gradient of activation in
PFC regions (AN>C>BN>EDc).

Moreover, the EDc group showed less activation in left pu-
tamen compared to controls and AN, however caudate or
amygdala differences did not reach significance compared to
other studies.” The striatum (caudate and putamen) is in-
volved in the activation of motor programs (some innate) but
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57,58,76-78 and

also in social-emotional expression, recognition,
withdrawal behaviours.” Those suffering comorbid BD and
BPD have been characterized as showing a lack of emotional
control intrinsic to both disorders, in turn related to dysfunc-
tion of cortico-striatal circuits.***
vation of putamen (as a component of corticostriatal circuit-
ry) in these patients might result in an increased anticipatory

response when facing emotional stimuli compared to other

Accordingly, the lower acti-

ED subgroups as well as controls and therefore, a more dys-
regulated pattern of eating behaviours.

During the unpleasant paradigm the group differences were
detected in OFC functional activity. OFC is involved in repre-
senting the affective value of reinforcers, decision-making pro-
cesses, expectation and processing of the negative valence of
emotional stimuli. Patients with AN may display excessive
control in the compulsive end of the impulsive-compulsive
spectrum, while those with BPD have shown frontal dysfunc-
tions, predisposing to lack of control, specifically a disconnec-
tion between PFC and limbic areas and reduced frontal inhibi-
tory activity.® Therefore, the greater activation of OFC in AN
compared to EDc, suggests that patients with AN have greater
activity in the OFC as exertion of greater cognitive control
when facing emotional stimuli. Similar activation results were
found in previous studies in AN patients,” however only dur-
ing presentation of specific disease aversive stimuli (food and
silhouettes) and not during general emotional stimuli® as
found in this study. In another study using IAPS (emotional
perception test in ED), an AN restrictive group showed in-
creased fear when confronted with stimuli containing anger,
that was attributed to introversion and conflict avoidance of
patients with anorexia.™

Overall, our results suggest that there are differential func-
tional patterns emotional processing (e.g., DLPFC) across
the groups in our study. Increased DLPEC activity for emo-
tional processing in AN patients might be the basis of exces-
sive top-down regulation: driving excessive emotional con-
trol, ruminations about weight, shape and an excessive ability
to restrain appetite. Conversely, decreased activation in DLP-
FC regions to emotional stimuli in BN and EDc might be the
basis of decreased control in eating behaviour and their emo-
tions (Figure 1).

There appears to be differential processing of general emo-
tional stimuli in subgroups of EDs on the basis of hyper or
hypo-activity in regions mediating cortical emotional control
(such as PFC). These preliminary pilot findings raise the pos-
sibility that, when processing emotional cues, persons with
AN rely more upon reflective cortical processing and execu-
tive control compared to lesser involvement of such process-
ing in those with EDc, BN and controls. These differences in
emotional processing activity might thus influence eating
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behaviours. Since these results are regarded as exploratory
this should be confirmed in future longitudinal studies.

Our functional emotional processing findings are poten-
tially consistent with the compulsivity to impulsivity contin-
uum model of ED, corresponding to compulsivity of control
in AN and impulsivity of decreased control in BN and EDc.*
This model of ED also allows a conceptualisation for a bipo-
lar spectrum of emotional processing of ED symptoms over
the course of illness (Figure 1) and may potentially have im-
portant implications in their classification, treatment and
prognosis.

Methodological limitations of this study, which limit gen-
eralizability, include: 1) small sample size which limits the
power of the study to derive definitive findings, hence our
the findings should be regarded as preliminary and explor-
atory pilot data to help inform future studies; 2) lack of lon-
gitudinal follow up in this cross-sectional study; 3) concep-
tual and methodological limitations when trying to study the
different components of emotional processing and emotional
responsiveness variability;”” 4) methodological limitations
due to fMRI characteristics (e.g., 1.5 tesla MRI against more
frequently used 3 tesla MRI); 5) lack of data on severity of
psychopathology and pharmacological treatment.

Against these limitations, the strengths of our study must
be balanced: the exploratory conceptual advancement of
studying general emotional responsiveness developing a hy-
pothetical impulsivity-compulsivity continuum model of
ED; distinction of an independent subgroup of EDc allowing
a better control of the presence of borderline personality
traits in the sample; a priori hypothesis-based stepwise fMRI
analysis; and matching of healthy controls on relevant so-
ciodemographic parameters.

In conclusion, differences in functional brain activity in pre-
frontal areas may help in the phenotypic differentiation of ED
subtypes. Our findings provide preliminary exploratory sup-
port of a hypothesized pathophysiologic cognitive-control
model of ED.

AN patients showed greater activation of areas involved in
emotional control (DLPFC) compared to the rest of the
groups. These results might be related to a tendency of those
with AN to over-control emotions. The control group showed
greater activation of DLPFC compared to BN, potentially
consistent with the hypothesis of diametrically opposed
mechanisms of emotional control among AN and BN groups
(AN-over-control and BN-deficient control).

In comparison to other diagnostic subgroups, the ED co-
morbid group (EDc=ED+BPD) showed less activation in
DLPFC and this might be related to lesser activation of reflec-
tive cortical processing areas mediated by the presence of bor-
derline traits.
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Opverall, differences in activation of PFC areas in ED may
potentially represent key functional bases in the general emo-
tional responsiveness of these disorders with implications for
their pathophysiologic phenomenology. However, we ac-
knowledge this is a small exploratory pilot study, which will
need replication in a larger sample size with investigation of
additional regions of interest to see if the findings hold true.
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