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Impaired inhibitory control in anorexia nervosa elicited
by physical activity stimuli
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Besides food restriction, hyperactivity is considered a key behavioral trait of anorexia nervosa (AN), playing a major role in the pathogenesis and
progression of the disorder. However, the underlying neurophysiology remains poorly understood. We used functional magnetic resonance imaging
during two affective go/no-go tasks to probe inhibitory control in response to stimuli depicting physical activity vs inactivity and food vs non-food in AN
patients compared with 26 healthy athlete and non-athlete controls. We hypothesized that neural correlates of behavioral inhibition are biased by the
emotional information of the stimuli in AN patients, leading to a differential neural inhibitory pattern during the two tasks. Indeed, we found reduced
response inhibition for food and non-food images in the putamen, while stimuli depicting physical activity resulted in an exaggerated response of the
prefrontal cortex (PFC) and cerebellum in AN patients. However, both AN patients and athletes revealed an increased response in the somatosensory
cortex to physical activity stimuli. These results suggest that physical activity stimuli might place an increased demand on the inhibitory control system
in AN patients. The resulting hyperactivity of the PFC and cerebellum may lead to altered executive function and motor control, sustaining increased

physical activity in AN patients.
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INTRODUCTION

Anorexia nervosa (AN) is a devastating condition with one of the high-
est mortality rates among psychiatric disorders (Zipfel et al, 2000),
which commonly begins during adolescence in women and is character-
ized by severe emaciation (APA, 2000). However, the etiology of the
disease is still largely unknown and mechanisms that maintain the dis-
order remain poorly understood. Physical hyperactivity is an ubiquitous
symptom of AN and plays a central role in the pathogenesis and pro-
gression of the disorder (Davis, 1997), as it is associated with poorer
recovery rates, higher rates of relapse and longer periods of hospitaliza-
tion (Casper and Jasbine, 1996; Strober et al., 1997; Carter et al., 2004). It
was recently recommended that hyperactivity should be recognized as a
core psychopathology of AN (Hebebrand and Bulik, 2011).

Functional brain imaging (fMRI) studies of patients with AN have
identified altered brain functions especially when viewing rewarding
stimuli, resulting in reduced activations in mesolimbic reward regions
in conjunction with increased prefrontal cortex (PFC) activations
(Kaye et al, 2009; Pietrini et al, 2011; Brooks et al., 2012b).
Particularly food or body images, which are considered to provoke
core symptoms of AN, have been used in a wide range of fMRI studies
reporting a prominent increase in PFC activity (Uher et al., 2004; van
Kuyck et al., 2009; Brooks et al., 2011).

However when challenging cognitive control, reduced prefrontal
activity has been revealed in AN patients compared with healthy con-
trols (Zastrow et al., 2009; Lock et al., 2011; Oberndorfer et al., 2011).
Zastrow et al. (2009) reported decreased activity in limbic, anterior
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cingulate and prefrontal regions during a target detection task in AN
patients, indicating a possible interaction between limbic and frontal
networks to exert inhibitory control. Furthermore, using a validated
inhibition task, it has been shown that recovered AN patients need less
medial PFC activation as inhibitory load increased compared with
healthy controls (Oberndorfer et al., 2011). Therefore, it has been
assumed that AN patients require less inhibitory resources to maintain
behavioral performance. Since these studies used a general inhibition
task without symptom-provoking stimuli, no conclusion can be drawn
if this altered inhibition is biased by stimulus category.

In this study, we used affective go/no-go tasks during fMRI that
implemented ‘symptom-provoking’ stimuli to characterize the neural
correlates of response inhibition in AN. This is to our knowledge the
first study to investigate response inhibition to stimuli depicting phys-
ical activity vs inactivity and food vs non-food in AN patients. The
fMRI paradigm isolated brain regions associated with withholding a
prepotent response to food and physical activity-related stimuli. We
hypothesized that neural correlates of behavioral inhibition are biased
by the emotional information of the stimuli in AN patients, leading to
a differential neural inhibitory pattern in the two affective go/no-go
tasks. We evaluated the inhibitory response of AN patients compared
with two healthy controls groups, displaying different levels of physical
activity: healthy non-athletes (HC) and healthy athletes (HCA). We
predicted a similar inhibitory response between AN and athletes in
sensorimotor brain regions.

METHODS

Participants

Twelve female individuals with AN (mean age=23.3 +4.7 years)
were recruited from the inpatient, daypatient and outpatient service
programs of the Department of Psychosomatic Medicine and
Psychotherapy at the University Hospital of Tiibingen. We used the
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Eating Disorder Examination (EDE) to diagnose eating disorder
and the Structured Clinical Interview for DSM-IV Axis I Disorders
(SCID-I) (Fairburn and Cooper, 1993; Wittchen et al, 1997) to diag-
nose comorbid Axis I disorders in patients. Patients were excluded from
the study for the following reasons: body mass index (BMI) <12 kg/m?,
intake of neuroleptics or benzodiacepines, a primary obsessive—com-
pulsive or affective disorder, psychosis, bipolar disorder and substance
abuse or addiction according to the Diagnostic and Statistical Manual
of Mental Disorders, Fourth Edition (DSM-IV). Of the 12 individuals
with AN, 8 were identified to belong to the restrictive subtype and 4 to
the binge/purging subtype. One patient was on psychoactive medica-
tion [ Trevilor selective serotonin-noradrenaline-reuptake-inhibitor].

Twenty-six age-matched healthy female participants of normal
weight were recruited through local advertisement for two healthy
control groups. One control group consisted of healthy endurance
athletes (HCA, 12 subjects; mean age =24.1 £ 3.2 years), required to
perform competitively exercise in an endurance sport of at least 5h a
week for at least 1 year. The other control group consisted of healthy
non-athletes, only included when performing casual physical exercise
(HC, 14 subjects; mean age=24.6+2.9 years). As assessed by the
SCID-I, the healthy female subjects had no history of an eating dis-
order or any other psychiatric, serious medical or neurological diseases
and were not on any psychoactive medication. All participants had
normal or corrected-to-normal vision. Written informed consent
was obtained from all participants, as approved by the ethics commit-
tee of the medical faculty of the University of Tiibingen.

Procedure

Participants completed several self-report assessments related to eating
disorder symptoms [Eating Disorder Inventory-2 (EDI-2)] (Garner,
1991; Paul and Thiel, 2005), depression (Patient Health Questionnaire
Depression Scale) (Lowe et al., 2002), reward sensitivity and behavioral
inhibition [behavioral activation/behavioral inhibition system
(BAS/BIS)] (Gray, 1970; Strobel et al., 2001), excessive exercise
[Commitment to Exercise Scale (CES)] (Davis et al., 1993) and anxiety
(State-Trait Anxiety Inventory) (Spielberger et al., 1983). Participants
had a standardized breakfast (staff supervised) 1h before the fMRI
measurement, consisting of a bread role with butter, jam or honey
and an herbal tea. Prior to breakfast, blood samples were taken to
measure leptin levels. In addition, hunger was assessed by a 10cm
visual analog scale ranging from Ocm (not hungry at all) to 10cm
(strongest feeling of hunger) just before the fMRI measurement.
Demographic and clinical characteristics of the patient group and
healthy control groups are shown in Table 1.

Stimuli

Examples of food images included different kind of meals, such as
salad, meat or soup, desserts, fruits and vegetables (Porubska et al.,
2006; Frank et al, 2010; Guthoft et al., 2010). Examples of non-food
images included objects that have no association with eating, such as
books, cars, money, chair or umbrella. Pictures were selected to be
matched for complexity, valence and arousal across categories (Frank
et al., 2010). For the physical activity paradigm, 52 images were divided
into physically active and inactive stimuli depending on the state of
activity of the displayed person, resulting in 26 pairs closely matched
for color, brightness and visual complexity. In a pre-experiment, pic-
tures were tested for valence, arousal and, to ensure distinctiveness of
stimulus category, the physical strain of each position was estimated.

fMRI task

The affective go/no-go paradigm (Schulz et al., 2007; Batterink et al,
2010) was designed to examine inhibition of responses to physical
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activity vs inactivity and food vs non-food stimuli. The experiment
consisted of two sessions each lasting 13 min. In one session (food/
non-food paradigm), food and non-food stimuli were used, resulting
in four blocks with the following trials: (i) go food/no-go non-food
and (ii) go non-food/no-go food. In the other session (physical activity
paradigm), physically active and inactive stimuli were used, resulting
in four blocks with the following trials: (i) go active /no-go inactive
and (ii) go inactive /no-go active. The affective go/no-go tasks required
subjects to respond as quickly as possible with a button press to ‘go’
stimuli and withhold responses to ‘no-go’ stimuli. Each session con-
sisted of four blocks, with 100 trials (go trial, 75% occurrence; no-go
trial, 25% occurrence). Sessions and blocks appeared in a pseudo-
randomized order. Stimuli were presented for 500 ms. The interstimu-
lus interval was on average 1500 ms. Before a no-go trial appeared,
0-10 go trials were presented. At the beginning and end of each
block, a 30s fixation period was added followed by instructions for
the next block. Before the imaging session, participants were familiar-
ized with the fMRI environment and paradigm through a practice
session with additional stimulus material. Figure 1 gives an overview
of the study protocol used.

fMRI acquisition

Whole-brain fMRI data were obtained by using a 3.0T scanner
(Siemens Tim Trio, Erlangen, Germany). For the two go/no-go ses-
sions, functional data were collected by using echo-planar imaging
sequence: TR =25, TE=30ms, FOV =210 mm®, matrix 64 x 64, flip
angle 90°, voxel size 3 x 3 x 3mm’, slice thickness 3mm, and the
images were acquired in an interleaved order. Each brain volume
comprised 30 axial slices and each functional run contained 386
image volumes, resulting in a total scan time of 12.56 min. In addition,
high-resolution T1 weighted anatomical images (MPRage: 176 slices,
matrix: 256 x 240 x 192, 1 x 1 x 1 mm°) of the brain were obtained.

Voxel-based morphometry

The T1 weighted images were processed and examined using the
VBMS toolbox with default parameters (http://dbm.neuro.uni-jena.
de/vbm.html) implemented in the SPMS8 software (Wellcome
Department of Imaging Neuroscience Group, London, UK; http://
www.fil.ion.ucl.ac.uk./spm). Total GM, WM CSF and total intracranial
volumes were extracted. The modulated volumes were smoothed with
a Gaussian kernel of 10 mm full width at half maximum (FWHM).
Whole-brain tissue volume data were examined by means of one-way
analysis of variance (ANOVA) in SPSS (P<0.05). Voxel-wise GM dif-
ferences between AN patients and healthy control groups were exam-
ined by means of one-way ANOVA with group as the between subject
factor in SPM8. Results were thresholded at P<0.05 family-wise error
corrected (FWE).

Data analysis
fMRI data

Event-related analysis of the fMRI data was performed with SPM8
(http://www.fil.ion.ucl.ac.uk/spm/). Standard preprocessing including
realignment, coregistration to the anatomical T1 weighted image, nor-
malization into MNI space (3 mm isotrop voxel size) and Gaussian
special smoothing (FWHM: 10 mm) was performed. fMRI data were
highpass (cut-off period 128s) filtered, and global AR(1) auto correl-
ation correction was performed.

For each subject, a first-level analysis was applied for the food/non-
food and physical activity paradigm. The following condition types
were included for the food/non-food paradigm: correct go trials
food, correct go trials non-food, correct no-go trials food, correct
no-go trials non-food and all incorrect trials. The following condition
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Female AN patients (AN) (n =12) Female non-athletes (HC) (n=14) Female athletes (HCA) (n =12) Analysis

Characteristic Mean s.d. Mean s.d. Mean s.d. F df P Post hoc difference
Age (years) 233 47 246 2.9 241 3.2 0379 35  0.687 -
Current BMI (kg/m?) 15.5 1.5 214 15 22.0 1.9 57.87 35 <0.001 AN<HCA, HC
Leptin (ng/dl) 0.7 0.4 5.89 3.2 4.46 3.6 10.691 34 <0.001 AN <HCA, HC
Hunger rating (cm) 0.5 0.7 0.7 0.7 1.0 13 1.07 35 0352 -
Commitment to exercise scale (CES) 6.5 26 412 19 5.55 1.6 4329 35 0.021 AN > HC
Behavioral activation score (BAS) 3.1 0.4 3.18 0.4 3.24 0.2 0.455 35 0.638 -
Behavioral inhibition score (BIS) 35 0.5 2.98 0.4 2.83 0.5 7.247 35 0.002 AN>HCA, HC
Depression sum score 1.3 45 18 15 18 1.9 44512 35 <0.001 AN>HCA, HC
State anxiety score 61.0 10.4 319 6.7 32.7 5.6 56.198 35 <0.001 AN >HCA, HC
EDI-2 309.8 54.68 186.57 36.92 194.08 54.68 32127 35 <0.001 AN>HCA, HC
EDEQ 34 1.46

Data are presented as mean = s.d. P-values for comparison of unadjusted data by ANOVA. AN, anorexia nervosa patient; HN, healthy non-athlete control group; HCA, healthy athlete control group; EDEQ, Eating

Disorder Examination Questionnaire; EDE -2, Eating Disorder Inventory.
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Fig. 1 Study protocol of fMRI go/no-go task. The experiment consisted of two sessions, a physical activity and food/non-food paradigm. Each session consisted of four blocks, with 100 trials (go trial, 75%
occurrence; no-go trial, 25% occurrence). For the physical activity paradigm, participants were either instructed to respond to active or inactive images. For the food/non-food paradigm, participants were either

instructed to respond to food or non-food images.

types were included for the physical activity paradigm: correct go trials
active, correct go trials inactive, correct no-go trials active, correct no-
go trials inactive and all incorrect trials. For each condition, a separate
regressor was modeled using a canonical hemodynamic response func-
tion. The movement parameters were modeled as confounds. To
examine inhibition, ‘no-go vs go’ contrast images were calculated for
each subject for the food and non-food condition in the food/non-
food paradigm and for the active and inactive condition in the physical
activity paradigm.

The individual contrast images were entered into separate second-
level analysis for the food/non-food and physical activity paradigm
using a full factorial design with the between-subject factor group
(AN vs HC vs HCA) and within-subject factor stimuli (food wvs

non-food or active vs inactive) and using total intracranial volume
as a confounding covariate. Contrasts for group, stimuli and for
group-by-stimulus interaction were created. A threshold of P<0.05
FWE-corrected for multiple comparisons, at cluster level, was con-
sidered as statistical significant.

Behavioral data

For each subject, mean reaction times (RTs) for go trials and for no-go
trials (that were incorrectly responded to) were calculated. A commis-
sion error is a ‘go’ response for no-go trials. Mean rate of commission
error was calculated as the total number of failures of inhibition
divided by the total number of no-go trials. An omission error is no
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response in go trials. The mean rate of omission errors was calculated
as the total number of failures of response divided by the total number
of go trials. Repeated measurement ANOVA with group (AN, HC and
HCA) as the between-subject factor and stimuli (food and non-food or
active and inactive) as the within-subject factor was used to examine
differences in RT, commission and omission error. For all self-reported
assessments (Table 1), one-way ANOVA with group as the between-
subject factor was used to examine differences between AN, HC and
HCA. In case of significant group differences, post hoc tests were cal-
culated (Bonferroni corrected). Pearson correlations (two-sided) were
calculated between behavioral measurements and neural response
inhibition (P<0.05).

RESULTS

Group differences in global GM and WM volume

There was a significant group difference in global GM volume (one-
way ANOVA, P=0.039). Post hoc tests, however, only revealed a stat-
istical trend, such that AN (mean =631.41, s.d. =51.33) had less total
GM volume than HC (mean=678.64, s.d.=58.40) (P=0.07) and
HCA (mean =679.21, s.d. =39.76) (P=0.08). There was no difference
between HC and HCA in total GM volume (P=0.1). There was no
significant difference in overall WM volume among the three groups
(P=0.417). There were no significant voxel-wise GM differences be-
tween AN patients and healthy control groups (P>0.05, FWE-
corrected).

fMRI results

Neural correlates of response inhibition to food and
non-food stimuli

Brain activations during response inhibition (correct no-go minus go
trials) across subjects revealed a distributed inhibitory network, with
increased activations for no-go minus go trials in the fusiform gyrus,
insula, supplementary motor area and regions of the temporal and
frontal cortex (Supplementary Table S1). Response inhibition to
food compared with non-food stimuli resulted in a higher activation
of the insula, middle frontal gyrus, fusiform gyrus and inferior parietal
gyrus. Response inhibition to non-food compared with food stimuli,
on the other hand, lead to an increased activation of the middle tem-
poral gyrus, posterior cingulum and medial orbital frontal gyrus across
subjects (Supplementary Table S1). Significant group differences in
response inhibition were found in the right putamen (x: 27, y: 3,
z: —6; Table 2). Post hoc analysis revealed reduced response inhibition
in AN compared with HCA and HC for food and non-food stimuli
(P<0.05, Bonferroni corrected; Supplementary Table S2). Further cor-
relation analyses revealed a significant negative correlation between the
total EDI-2 score and putamen activity during response inhibition for
food (r=-0.366; P=0.024) and non-food trials (r=—0.396,
P=0.014). A positive correlation was also observed between the cor-
rect go responses and putamen activity for food (r=0.345; P=0.034)
and non-food stimuli (r=0.410; P=0.011).

Neural correlates of response inhibition to physical

activity stimuli

Brain activations during response inhibition (correct no-go minus go
trials) across subjects revealed a distributed inhibitory network, with
increased activations for no-go minus go trials in the insula, supple-
mentary motor area, putamen and regions of the temporal and frontal
cortex (Supplementary Table S1). Response inhibition to active com-
pared with inactive stimuli resulted in higher activation of the middle
frontal gyrus. Response inhibition to inactive compared with active
stimuli revealed increased activation in regions of the occipital and
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parietal cortices across subjects (Supplementary Table Sl1).
Significant group differences in response inhibition were revealed in
the left somatosensory cortex (x: —57, y: —15, z 39) and left PFC (x:
—24, y: 45, z. 6) (Figure 2; Table 2). Post hoc analysis revealed an
increased response inhibition in AN and HCA compared with HC
for active and inactive stimuli in the somatosensory cortex (P<0.05,
Bonferroni corrected; Supplementary Table S2). This response corre-
lated significantly with the commitment to exercise scale (CES), such
that individuals with higher CES showed a stronger response inhibition
to active stimuli in the somatosensory cortex (r=10.46; P=0.005)
(Figure 2, Plot A). Furthermore, a positive correlation was observed
between the correct go responses and somatosensory activity for active
(r=0.443; P=0.006) and marginally significant for inactive physical
activity stimuli (r=0.310; P=0.062).

In the PFC, AN patients revealed an increased response inhibition to
inactive stimuli in comparison with both healthy control groups
(Figure 2, Plot B) (P<0.05, Bonferroni corrected; Supplementary
Table S2). This response showed a significant positive correlation
with the total EDI-2 score (r=0.383; P=0.018) and correct no-go
responses for inactive physical activity stimuli (r=0.329; P=0.046).
Furthermore, we observed a group-by-stimulus interaction in the left
cerebellum (x: —6, = —51, z —9; Figure 2, Plot C; Table 2). Post hoc
analyses revealed significant between- and within-group differences.
Within the AN group, we found a significant difference between the
cerebellum response inhibition to active and inactive, resulting in a
increased response inhibition to inactive stimuli and in a reduced re-
sponse inhibition to active stimuli (P=0.01). Between-group post hoc
analyses are summarized in Supplementary Table S3 (P<0.05,
Bonferroni corrected). Furthermore, there was a significant positive
correlation between commission error for the inactive stimuli and
cerebellum activity (r=0.356, P=0.03) and negative correlation be-
tween commission error for active stimuli and cerebellum activity
(r=0.323, P=0.05). And a significant positive correlation was
observed between the correct no-go responses and cerebellum activity
for the inactive stimuli (r=—0.356; P=0.031).

Behavioral results

We found no group differences for RTs (ms), commission and omis-
sion errors (%) (Supplementary Table S3). However, we did observe
differences depending on stimulus category across all subjects, result-
ing in faster RTs for correct food compared with non-food go trials
(meangyoq = 453.05, s.d. =49.85; meanyon-Food = 504.29, s.d.=59.5;
P<0.001) faster RTs for correct active compared with inactive go
trials  (meanpcgve =515.69,  s.d.=56.66; meaniyactive = 531.80,
s.d. =55.76; P=0.006) and faster RTs for incorrect inactive compared
with active sport responses (meanycgyve=>514.59, s.d.=65.29;
meanacive = 490.68, s.d.=83.13; P=0.005). Furthermore, we
observed a significant higher commission error for food than non-
food stimuli (meangy,q=31.28, s.d.=16.13; meanyon-rood = 15.73,
s.d.=12.5; P<0.001), a higher omission error for non-food than
food (meanpyoq=2.18, s.d.=3.08; meanyon-rood =13, s.d.=11.08;
P<0.001) stimuli and a higher omission error for inactive compared
with active stimuli (meanycgve =1.89, s.d. =2.76; meanyciive = 3.21,
s.d.=3.63; P=0.035) across all subjects. Mean RTs for correct and
incorrect responses (overall stimuli) correlated negatively with BMI in
the control groups, such that a higher BMI showed significantly faster
RT (P<0.01). For the physical activity paradigm, we found a signifi-
cant group-by-stimulus interaction for the commission error
(P=10.047). Post hoc analyses revealed a significant higher commission
error for active compared with inactive stimuli in AN patients
only (meanycive=24, s.d.=12.08; meanp,cive=19, s.d.=11.27;
P=0.038).
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Table 2 Brain activations that differed significantly across female adults with AN and age-matched female athlete (HCA) and non-athlete
control subjects (HC) during response inhibition (no-go vs go trials) for the food and physical activity paradigm

Activated region Side Brodmann's area Number of voxels Peak location (x, y, 2)° t-Value df =69 P-value*
Food/non-food paradigm
Main effect of group
Putamen Right 20 27,3, —6 4.77 0.01
Physical activity paradigm
Main effect of group
Somatosensory cortex Left 3 40 —57, —15, 39 470 0.004°
PFC Left 10 8 —24, 45,6 3.76 0.026°
Group-by-stimulus interaction
Cerebellum Left 48 —6, —51, =9 3.85 0.008

*P <0.05, FWE-corrected for multiple comparison.
Montreal Neurological Institute.
®Small volume corrected.

DISCUSSION

This is to our knowledge the first study investigating neural correlates
of response inhibition to stimuli depicting physical activity and food in
AN patients compared to healthy non-athletes and athlete controls. To
probe the inhibitory network, we used affective go/no-go tasks during
fMRI. We were able to show that altered inhibitory function in AN
depends on stimulus category. For the food/non-food paradigm, we
found a hypoactivation in the putamen independent of stimulus cat-
egory in the AN patients compared with both control groups. In con-
trast, a hyperactivation in the prefrontal, somatosensory and
cerebellum was specifically manifested when AN patients were asked
to inhibit prepotent responses during the physical activity paradigm.
Group differences in the putamen and PFC significantly correlated
with the eating disorder pathology. Due to the intensive exercise in
both AN and HCA groups, we predicted a similar response inhibition
to images depicting physical activity in sensorimotor brain regions.
Indeed both AN patients and athletes showed a hyperactivation in
the somatosensory cortex in response to physical activity stimuli.

AN patients seem to require less inhibitory resources to maintain
behavioral performance for the affective go/no-go task using food and
non-food stimuli. As previously shown, the putamen is prominent in
complex go/no-go tasks (Simmonds et al., 2008); furthermore, it is
part of the limbic system essential in reward processing. Therefore,
the hypoactivity in the putamen could also reflect altered dopamine
dysfunction (Rodriguez et al., 2007; Kaye et al., 2009), which could
potentially result in altered reward processing, executive control as well
as hyperactivity. Indeed, AN patients with a stronger eating disorder
pathology (i.e. higher EDI-2 scores) showed a more pronounced
putamen decrease.

Interestingly, for the affective go/no-go task using physical activity
stimuli, AN patients showed increased activity in regions important for
response inhibition especially in the PFC (BA 10) compared to both
healthy control groups, which significantly correlated with the eating
disorder pathology (EDI-2 scores). This stands in contrast to previous
studies showing that AN individuals require less inhibitory resources
to maintain behavioral performance resulting in reduced prefrontal
activity (Zastrow et al.,, 2009; Oberndorfer et al., 2011). However,
these studies did not use specific physical activity-related stimuli as
in this study. We propose that AN patients perceived physical activity
stimuli as more rewarding than the control group, placing an increased
demand on the inhibitory control system. Therefore, physical activity-
related stimuli could lead to an augmented prefrontal inhibitory re-
sponse. Accordingly, a recent fMRI study found increased activity in
the reward system in response to visual stimuli depicting underweight
women, challenging the view of general anhedonia in AN (Fladung

et al., 2010). Instead, these observations are consistent with theories
of starvation dependence in AN, potentially leading to increased
reward processing for stimuli related to weight control.

In the somatosensory cortex, we found increased response inhibition
for physical activity stimuli in AN patients as well as in our athlete
control group compared with the non-athlete control group. Of note,
this activity correlated significantly with scores on commitment to
exercise indicating that a higher dedication to exercise results in an
enhanced sensory processing of physical activity stimuli during inhibi-
tory control (Falconer et al., 2008). The fact that athletes and patients
with AN show this neural pattern suggests a possible increased body
awareness as a result of extensive exercise. However, AN patients also
showed altered prefrontal activity during response inhibition. Together
with increased sensory processing, we hypothesize that this could po-
tentially lead to a distorted body size evaluation. However, further
studies are needed to evaluate the relationship between somatosensory
and PFC activity during response inhibition.

Finally, we found a significant group by stimulus interaction in the
cerebellum during the affective go/no-go task using physical activity
stimuli, leading to an unexpected differential pattern depending on
stimulus category. Only in AN patients, physically inactive stimuli
resulted in an increased response inhibition associated activity, whereas
physically active stimuli resulted in a reduced activity in the cerebel-
lum. Interestingly, this activation correlated significantly with the re-
spective commission error. Even though all groups showed the same
behavioral performance, AN patients revealed higher commission
errors for active than inactive stimuli. Since the AN patient group
showed hyperactivity, the active stimuli probably had a higher personal
salience (i.e. were perceived as more rewarding) leading to the
increased error rate. Previous neuroimaging studies have clearly
shown that the cerebellum, besides its involvement in motor control,
is associated with various higher cognitive processes. Cerebellar acti-
vation is related to attention (Bonnet et al., 2009), working memory
load (Desmond et al., 1997) and interestingly also in feeding control
(Zhu and Wang, 2008; Brooks et al., 2012a). Furthermore, lesions in
the cerebellum can lead to impairment of executive functions and
personality changes such as disinhibited behavior (Baldacara et al.,
2008). The differential response inhibition in the cerebellum could
reflect the general difficulty of the AN group to disinhibit motor
response especially to stimuli displaying an ‘active’ person.

Limitations

Our study sample was too small to examine differences between re-
stricting vs purging subgroups. Further studies are needed to evaluate
differences between these subtypes with respect to hyperactivity.
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CONCLUSION

This is the first study evaluating response inhibition in AN in com-
parison with healthy athletes and non-athletes. Previous studies have
shown that AN patients need less inhibitory resources to maintain
behavioral performance. Likewise, we found reduced response inhib-
ition in the putamen using a go/no-go task with food and non-food
stimuli. In contrast, stimuli depicting physical activity resulted in
increased response inhibition in the PFC, somatosensory cortex and
cerebellum indicating that AN patients need more inhibitory resources
to maintain behavioral performance in response to physical activity
stimuli. We postulate that the reduced response inhibition in the pu-
tamen may be due to dopamine dysfunction, while physical activity-
related stimuli are considered more rewarding, placing an increased
demand on the inhibitory control system in AN patients. The resulting
hyperactivation of the inhibitory system could potentially alter execu-
tive function and motor control.
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