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Abstract: Eating disorders are considered psychiatric pathologies that are characterized
by pathological worry related to body shape and weight. The lack of progress in treatment
development, at least in part, reflects the fact that little is known about the pathophysiologic
mechanisms that account for the development and persistence of eating disorders. The possibility
that patients with eating disorders have a dysfunction of the central nervous system has been
previously explored; several studies assessing the relationship between cognitive processing and
certain eating behaviors have been conducted. These studies aim to achieve a better understanding
of the pathophysiology of such diseases. The aim of this study was to review the current state of
neuropsychological studies focused on eating disorders. This was done by means of a search process
covering three relevant electronic databases, as well as an additional search on references included
in the analyzed papers; we also mention other published reviews obtained by handsearching.
Keywords: eating disorders, anorexia nervosa, bulimia nervosa, binge-eating disorder,
neuropsychology, cognitive performance

Introduction

Neuropsychology studies the structure and function of the brain as far as they are
related to specific psychological processes and behaviors. It is considered a clinical and
experimental field of psychology, the aim of which is to study, assess, understand, and
treat behaviors directly related to brain function.! Neuropsychology uses psychologi-
cal, neurological, cognitive, behavioral, and physiological principles, techniques, and
tests in order to evaluate patients’ neurocognitive, behavioral, and emotional strengths
and weaknesses without ignoring their relationship to normal and abnormal central
nervous system functioning.?

Eating disorders (ED) are serious psychiatric pathologies. They are characterized
by a pathological concern with body shape and weight above all. The lack of progress
in treatment development, at least in part, reflects the fact that little is known about
the pathophysiologic mechanisms that account for the development and persistence
of ED. In contrast to the slow progress in understanding ED, basic knowledge of the
neural basis of behavior has advanced rapidly in recent years, and this knowledge has
begun to yield a better understanding of other serious mental illnesses.> The possibility
that there is a dysfunction of the central nervous system in patients with ED has been
explored in several ways, including studies of neuropsychological test performance.
Thus, the study assessing the relationship between cognitive processing and certain
eating behaviors has been conducted, aiming to achieve a better understanding of the
pathophysiology of ED.*
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The specific pathophysiology of ED is unknown, and it is
likely that different factors are involved.* To date, ED have
been described on the basis of overt clinical phenotypes,
amethod that is perhaps not effective for exploring the specific
etiology of these disorders.’ In order to identify causal factors,
new ways of studying the diseases seem to be necessary.®
Some authors have suggested potential new focuses, including
the study of endophenotypes and disease-associated traits,
that are more useful in determining the relationship between
underlying genes and neuropsychological functions.>’ Some
researchers (eg, Cavedini et al)® state that neuropsychology
has yet to produce an explanatory model of ED. Nevertheless,
neuropsychological explorations are being used to improve
the diagnosis, to obtain better ED data, and to develop more
effective therapeutic strategies.’

The aim of this study was to review the current state of
the neuropsychological studies focused on ED.

Materials and methods

Search process

The search process covered three relevant electronic
databases (MEDLINE, EMBASE, and PsycINFO).
The general strategy included terms related to ED and
neuropsychology. Next, the Medical Subjects Headings
were used as well as the Boolean operators AND/OR. The
shared MeSH terms were (((“Anorexia nervosa”[MeSH])
OR (“Bulimia nervosa”’[MeSH]) OR (“Binge eating
disorder”’[MeSH])) AND ((“Neuropsychology”’[MeSH])
OR (“Memory”[MeSH]) OR (“Learning”[MeSH]) OR
(“Attention”[MeSH]) OR (“Perception”’[MeSH]) OR
(“Cognition”[MeSH]) OR (“Executive function”[MeSH])
OR (“Vigilance”’[MeSH]) OR (“Concept formation”[MeSH])
OR (“Neuropsychological tests”[MeSH]) OR
(“Neuropsychological tasks”[MeSH]))).

Additional searches were carried out on the references
included in the papers, published reviews, and via hand
searching. Literature search was limited to articles published
between 1995 and 2012.

Studies meeting the following criteria were included in
the review: (1) studies focused on ED (anorexia nervosa
[AN], bulimia nervosa [BN], and binge-eating disorder
[BED]) and neuropsychology; and (2) controlled trials and
randomized controlled trials. Applied exclusion criteria
included: (1) descriptive studies or case reports and cross-
sectional studies; (2) interventions targeting populations
with unspecified eating disorders (other than binge eating
disorder); (3) participants with severe comorbidities; and
(4) unavailable full text. Reviews and meta-analyses that

fit the inclusion criteria were considered as other sources
of articles.

The initial search yielded 129 references. These were
combined in an EndNote 9 (Thomson Reuters, Carlsbad,
CA, USA) library and screened on the basis of title and
abstract; those clearly not meeting the review criteria were
excluded as were duplicates. Thereafter, selected references
were screened based on the full text. Reasons for exclusion
were applied and 57 studies were finally included.

Selected studies are summarized in ascending order of
publication year as well as with respect to the main diagnostic
implied (Tables 1 and 2). Data extracted included journal
reference, number of participants and age at enrollment, sex,
tests, follow-up duration (when appropriate), and main out-
come measurements related to the neuropsychology of ED.

Procedure

Taking into account previous recommendations,'? the
content of the selected studies was analyzed considering the
following functions: attention, memory and learning, visual
perception/visuospatial ability, executive functions, and
other functions. In addition, the analysis was based on each
diagnostic as follows: AN and/or BN and/or BED.

Results
AN

Attention

Considering sustained attention (attention maintained
over time), Green et al did not find differences between
AN patients and nonclinical participants with respect
to attentional focus and the ability to maintain atten-
tion. They did so by means of a focused attention task
as a measure of the Eriksen effect.!" With regard to
selective attention (intentional, focused attention), the Stroop
Test, in its modified version (Emotional Stroop), and a word-
recognition test did not enable the authors to confirm specific
cognitive deficits in AN patients.'? Following this emotional
Stroop paradigm, significant main effects of group (patients
versus controls) and condition (xxxx [words made of xxxxs]
neutral, fat, thin), and a significant interaction between
group and condition have been reported. Patients with AN
seem to have attentional bias to “fat” and “thin” words."?
With a modified color-naming Stroop task, AN patients, but
not unrestrained or restrained eaters, have shown delayed
color-naming latencies for both thin and fat word categories
and, to a lesser extent, for high-caloric-density food words.'*
With a similar attentional paradigm (eye tracking to exam-
ine attentive processes during free visual exploration of
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food pictures versus non-food pictures), it has been shown
that AN patients have more attentional disengagement to
food pictures compared with control subjects. Attentional
disengagement was positively related to the severity of the
disorder (eg, lower body mass index [BMI]). Apart from
the selective attention captured by “emotional pictures,”
this study reports that individuals with AN show no early
vigilance (sustained attention) but do show later avoidance
when confronted with food information."” Words reflecting
either a thin or a large physique and positively or negatively
valenced emotion words have been used in a visual detection
task with ED patients. Both AN and BN patients directed
their attention away from stimulus words connoting a thin
physique. In contrast, there was a trend to direct their atten-
tion towards stimulus words connoting a large physique.
Comparing AN and BN, results reflected a tendency for
AN patients to direct their attention toward positive emotion
words while those with BN tended to direct their attention
away from these words.'® The “divided attention” has been
tested by means of the dual task design (Zimmermann and
Fimm)! in a 7-month follow-up study. Regarding the atten-
tional demands, the level of performance increased, but it
must be noted that only divided attention was impaired at

In other tasks, predominantly measuring “different facets
of attention” (eg, Trail Making Test and letter cancellation
test), the level of performance improved as a function of
time during treatment.'® Despite these functions not being
impaired at the beginning of the study, other authors have
reported that patients are significantly impaired on a number
of performance measures related to attentional processes,
simple reaction time, choice reaction time, derived “thinking”
time, and digit vigilance.' In line with Lauer et al,'® others
did not find any significant differences in the attentional
or mental tracking capacities (Trail Making Test, revised
Wechsler Memory Scale [attention/concentration index], and
digit symbol) between AN patients and control participants.?
Moreover, other authors did not find any significant differ-
ences between AN patients and control participants using a

With respect to “psychomotor speed,” Pieters et al
reported that anorectic patients were significantly faster in a
drawing task and showed shorter reaction times in copying
tasks. In the most complex copying task, patients showed
shorter reaction time and longer reinspection time with
respect to control participants. In addition, patients com-
mitted more errors than control participants.?? In order to
explore the effect of weight restoration, Pieters et al studied

digit symbol test either at baseline or follow-up.*!

the beginning of this study.'®
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Patients with a lifetime diagnosis of ED showed an attentional
bias to reject faces and a difficulty disengaging attention from

these stimuli.
on all tasks. Attention task performance was poorer in the

EDNOS-BN than in the BN group.
; BIS-11, Barratt impulsiveness scale version | |; BN, bulimia nervosa; BPI-IRS, BPI, basic personality

People with BN and EDNOS-BN performed as well as C

Dot probe task with
faces (rejection or
acceptance)

and go/no go task,

LCT (d2), Stroop
GDT

27.3 ED, 29.5 ED-R,

253 C
27.5 EDNOS-BN,

24 C

28.3 BN,
Abbreviations: A/E MS, aloneness/evocative memory scale; AHQ, Annett handedness questionnaire; AN, anorexia nervosa; BED,

Females

40 BN, 30 EDNOS-

13 R-AN, 9 R-BN,
BN, 65 C

29 AN, 17 BN,
50C

World | Biol
Psychiatry
Neuropsychol

J Clin Exp
Munich verbal memory test; MWT-B, verbal intelligence; NART, National adult reading test; NART-R, National adult reading test (revised); NTB, neuropsychological test battery; PST, picture set test; RSPM, Raven standard progressive

matrices test; SDMT, symbol digits modalities test; SRS, soothing receptivity scale; TMT, trail making test; VFT, verbal fluency task; VPDT, visual probe detection task; WCST, Wisconsin card sorting test; WIP, reduced version of the

Wechsler adult intelligence scale.

inventory; BSRT, Buschke’s selective reminding test; BT, Brixton test; C, control; CAL, conditional associative learning; CBT, cat bat task; COWA, controlled oral association test; DDT, delay discounting task; ED, eating disorders; ED-R,

eating disorders recovered; EDNOS, eating disorders not otherwise specified; DAPP-BQ, dimensional assessment of personality pathology basic questionnaire; DLPST, daily living problem solving test; DTD, dual task design; FPR, free
paragraph recall; FR, free recall; GDT, game of dice task; HIT, haptic illusion task; HSCT, Haylings sentence completion test; IGT, lowa gambling task; LCT (d2), letter cancellation task (d2); MFFT, matching familiar figures test; MVMT,

Van den Eynde

Cardi et al*®
et al*®

the performance of AN patients in drawing and copying tasks.
Again, AN patients showed shorter reaction times in copying
tasks and shorter drawing time in the drawing task compared
to normal controls. This pattern persisted after weight gain.?
This persistence has also been reported in motor tasks after
weight recovery of AN patients.?* Considering the effect of
an inpatient treatment program for anorexia nervosa, the
neuropsychological functioning improves during treatment
with significant changes in psychomotor speed.?

In summary, it seems that AN patients have attentional
bias to “fat” and “thin” words as well as more attentional
disengagement to food pictures. Patients with AN seem to
be faster in drawing tasks and tend to show shorter reaction
times in copying tasks. Comparing AN and BN, patients with
AN tend to direct their attention towards positive emotion
words while those with BN tend to direct their attention away
from these words. We can conclude that AN patients show
more relevant attention deficits in functions such as vigilance
and selective attention.

Memory and learning

First of all, it must be noted that different authors study dif-
ferent types of memory with respect to ED. Thus, implicit
and explicit memory, short- and long-term memory, and
different aspects like learning, recall, recognition of different
materials, etc, are usually mentioned.

In this regard, Mathias and Kent explored memory and
learning by means of the revised Wechsler Memory Scale,
Rey Auditory Verbal Learning Test, Austin Maze, and the
Rey-Osterrieth Complex Figure Test. As a result, they found
that patients with AN differed from control participants
in their performance on the immediate and delayed trials
of the logical memory subtests. Patients demonstrated
a much poorer ability to recall verbal passages.?’ In a recent
analysis of the neuropsychological profile of patients with
AN, a relative weakness in visuospatial memory has been
reported.”® Green et al assessed the cognitive performance
of AN patients including an immediate free recall task;
patients recalled fewer words than nonclinical controls.!
In addition, Kingston et al reported that anorectic patients
had worse performance than controls in different functions
including memory.?” With respect to “long-term memory”
or continuing storage of information (analyzing immediate
word recall/delayed word recall, word recognition, and picture
recognition), patients with AN produced a greater number of
errors (words not present in the learnt list) and they showed
lower sensitivity index in word and picture recognition. There
were no differences in reaction times. In the same study,
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working memory (temporary storage and manipulation of
the information necessary for different tasks) was explored
by means of memory scanning and spatial working memory.
In this case, patients had significantly longer reaction times. "
Working memory has been assessed by Lauer et al by means
of material presented verbally (analyzing the backward
memory span for digits) and material presented visually (ana-
lyzing the backward span). In this regard, AN patients showed
normal performance.'® The work of Green et al showed no
differences in the Bakan vigilance task when comparing AN
patients and control subjects. The Bakan vigilance task has
a high loading on the central executive component of the
working memory model."!

Considering “explicit memory,” two different tasks
(verbal and nonverbal) were used in a study by Bradley et al.
In addition, different tests of memory were applied. While
differences between AN patients and controls were observed
with respect to verbal and nonverbal tasks (event related
potentials (ERP) waveform amplitudes and latencies),
there were no differences on neuropsychological measures,
including memory tests.?® Both “implicit” (word-completion
test) and “explicit” (cued recall test) memory for shape-,
weight-, and food-related words, have been analyzed in
patients with AN. Results showed a strong explicit memory
bias for anorexia-related words for patients with AN but not
for nondieting controls. There was no evidence of a similar
bias in implicit memory.? The explicit memory for fatness
words has also been studied and a memory bias for these
words was found among anorectic patients.>* Short-term
verbal memory (capacity to hold a small amount of informa-
tion in mind in an available state for a short period of time)
has been explored by carrying out a free paragraph recall
task and the California Verbal Learning Test in a study by
Lauer et al; patients with AN showed normal performance
in these tasks.'®

Another recent study analyzed implicit category learning.
Patients with AN were less accurate when dealing with
a task in which they and control participants were asked
to categorize simple perceptual stimuli into one of two
categories. Results showed that, even when patients used the
appropriate (ie, implicit) strategy, they were impaired relative
to controls when using the same strategy.’! Comparing BN
patients and control subjects, AN patients have shown an
impairment performance with neutral material but not with
individually threatening material in a conditional associative
learning task.*

The main conclusions about this function may be
summarized with the following results: AN patients show a

poorer ability to recall verbal passages and they tend to recall
fewer words and commit a greater number of errors with
longer reaction times. In addition, patients with AN show
a strong explicit memory bias for anorexia related words.
While AN patients maintain a normal learning memory
capability, they show selective memory biases.

Visual perception and visuospatial ability
In the above mentioned study by Bradley et al, AN patients
showed longer latencies for nonverbal (visual) tasks relative
to verbal tasks, thus noting a theoretical difficulty in pro-
cessing visual information.?® In another study, AN patients
showed a worse performance on tasks measuring visuospatial
ability (block design and picture completion).?” Gillberg et al
have reported a worse performance of AN patients on the
object assembly subtest of the Wechsler Abbreviated Scale
Of Intelligence (revised) in contrast with a better result in
the block design subtest.* Mathias et al assessed visuospatial
ability using the Rey-Osterrieth complex figure test and the
block design and object assembly subtests of the Wechsler
Abbreviated Scale Of Intelligence (revised). There were no
differences between AN patients and control participants.?’
In summary, compared to other functions, there is a
shortage of studies on this area, some results suggesting
visuospatial deficits in patients with ED.

Executive functions

In a recent study, executive functions were explored using
the Ravello Profile in a sample of patients with AN. Patients
were within the average range on the assessment of executive
functioning except for one measure of set shifting.?® This Rav-
ello Profile has been suggested as a tool to define a common
shared neuropsychological assessment battery.* Difficulties
in abstraction and flexibility of thought have been reported
in AN patients when compared with control participants.’
Lauer et al found that AN patients showed mild to moder-
ate deficits, particularly on those tasks covering attentional
demands and problem-solving abilities, which improved
after several months of treatment.'® Considering cognitive
flexibility, a different pattern has been reported for AN and
BN patients: patients with AN show impairments on simple
alternation and perceptual shift and BN patients show diffi-
culties in mental flexibility and perceptual shift.* Difficulties
of AN patients with set-shifting tasks have also been reported
in other studies.’’” Other authors have suggested that AN
patients perform better on local information processing
tasks than on global processing tasks®® and that they show
a cognitive rigidity in both verbal and nonverbal domains.*
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In the same line of thinking, women with AN have shown a
significant deficit in abstract thinking performance, which
could not be explained by a more general intellectual deficit or
diminished information processing speed. Patients with AN
have also shown a greater preoccupation with detail relative
to control participants.*’ This obsession for details has also
been reported by other authors.* These deficits in set shifting
abilities have been considered independent of starvation in
adults.*? With respect to the set shifting difficulties as traits
linked to possible endophenotypes,* recently, the set shifting
impairment in AN has been reported to be probably unrelated
to polymorphisms of SNAP-25 gene.* In addition, the set
shifting deficits have not been demonstrated in adolescent
patients with AN.* In contrast, Kingston et al did not find
differences between AN patients and controls by means of
cognitive flexibility tasks.”

Another explored function is decision making (the capac-
ity to make decisions about a course of action). In this regard,
Guillaume et al used the lowa Gambling Task to analyze this
function; they did not find significant differences between
patients and controls.* By means of the same task, a lower
decision-making capacity has been reported in both AN and
BN patients.®*¢ In addition, it must be noted that the scores
on the lowa Gambling Task seemed not to improve over time
in AN patients.” Using the same task, it has been reported
that, compared to control women, AN patients and recovered
AN patients showed poor set shifting and decision-making
skills.*® Including obese patients, a similar impairment on
the ITowa Gambling Task in AN and BN patients as well as
in obese participants has been found.*

Difficulties in abstraction and flexibility of thought
along with an obsession for details are considered the main
findings in AN patients. With respect to decision making,
a lower decision-making capacity has been reported in both
AN and BN patients.

Other functions
With respect to mathematic reasoning, Neumarker et al found
that, initially, number processing performance was signifi-
cantly lower in AN patients compared to controls.* However,
when the patients restored their normal body weight, the
prevalence of patients with a subnormal arithmetic perfor-
mance was analogous to that in the normal population.
Different studies have failed to report significant dif-
ferences between patients and controls considering verbal
functions. 20283331
Bradley et al did not find learning deficits in digit—symbol
paired associate learning.?® Despite having observed a worse

performance on attention, visuospatial ability, and memory,
Kingston et al did not find learning deficits.?’ In a study by
Mathias et al, patients with AN were found to be deficient
in the ability to recall meaningful prose and visuospatial
information but not in other functions of learning.?

Haptic explorations have been developed in AN patients
with poorer performance than control individuals. In addition,
reproduction quality was unchanged after weight gain and
independent of BMI and intelligence. Mean exploration time
was similar in AN patients and controls.*

From a global perspective, impairments in verbal abilities,
cognitive efficiency, reading, mathematics, and long term
verbal memory have been reported among AN patients even
years after diagnosis and with normal BMI.33

BN

Neurocognition in BN is clearly under-researched compared
to AN, and the most relevant focus has been the comparison
between AN and BN patients with respect to impulsivity.>*
In addition, the reported poor inhibitory control in BN
patients has been at least partly attributed to an impulsive
disposition.’® Patients with BN tend to react faster than
controls in tasks like go/no go affective shifting. They also
have poorer discrimination ability than controls and show
inhibition problems, particularly when the targets are related
to food.”’

Attention

A recent study has focused on attention by means of a
d2-letter cancellation task, among other functions. As a result,
authors found out that patients with BN performed as well as
healthy controls on the tasks. Attention task performance was
poorer in eating disorders not otherwise specified, bulimic
type, than in bulimic patients.®

With a visual probe detection procedure, Rieger et al
found a tendency for AN patients to direct their attention
towards positive emotion words while those with BN tended
to direct their attention away from these words.'¢

The major finding of Lauer et al was that patients with
AN and BN did not differ with respect to their neuropsy-
chological task profiles;'8 both showed mild to moderate
deficits, particularly in tasks covering attentional demands
and problem-solving abilities.

Cardi et al®® have reported that AN and BN patients show an
attentional bias to rejecting faces and a difficulty disengaging
attention from these stimuli. In addition, they have sustained
attentional avoidance of accepting faces. In order to analyze
the possible continuum of AN to BN to obesity, compared to
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obese patients, AN patients (restrictive type) seem to be more
attentive to angry faces and have difficulties in being attentive to
positive expressions, while obese patients have shown problems
in looking for or being attentive to negative expressions.*

Patients with BN have shown worse performance in a
symbol digit modalities test; despite being faster than con-
trols, they made more errors.>

Other authors have not found differences between BN
patients and control participants by way of a modified Stroop
test.®! Similarly, Lovell et al used an emotional Stroop task
and determined that women currently suffering from BN and
women who had recovered from AN were found to be more
distracted by shape concerns than women who had never suf-
fered ED and women who had recovered from BN.®? By means
of food/eating, weight/shape, emotion, and neutral words in
a Stroop task, Jones-Chesters et al reported that BN patients
showed increased naming latency for emotion words.®

In order to explore the effects of treatment, Carter
et al studied a group of BN patients by means of a Stroop
color naming task. Patients performed significantly faster
on information processing tasks at posttreatment than at
pretreatment and significantly slower on food/body words
than on control words. In addition, patients performed
significantly slower on color words than on food/body
words.*

In summary, patients with BN seem to show some atten-
tional biases for weight- and shape-related words as well as
an increased naming latency for emotion words.

Memory

Legenbauer et al® studied a group of BN patients who
were exposed to body-related and neutral TV commercials
then assessed recall and recognition rates. Poorer recogni-
tion and recall of body-related stimuli was found for BN
patients compared to controls, suggesting a memory bias.
Esplen et al® studied the evocative memory in BN by way
of the Aloneness/Evocative Memory Scale. A lower level
of soothing receptivity (indicating a decreased capacity for
self-soothing) was correlated with a decreased capacity for
evocative memory. A lower level of soothing receptivity and
decreased capacity for evocative memory were associated
with a greater experience of aloneness.

Short-term verbal memory has been assessed by way
of a free paragraph recall task and the California Verbal
Learning Test in a group of ED patients. After 16 weeks
of therapy plus 8 weeks of outpatient status, the number of
items recalled decreased in AN patients and increased in
patients with BN.!8

To summarize, poorer recognition and recall of body-
related stimuli have been found, suggesting possible memory
biases in ED patients.

Executive functions

The study by Lauer et al reported that AN as well as BN
patients showed mild to moderate deficits on tasks relating
to problem-solving abilities.'

Taking into account impulsivity, Steiger et al found that
binge eating is closely linked to dietary control in most BN
individuals, but this may be less typical of individuals show-
ing marked impulsivity.*’

Brand et al® explored the decision-making deficits in
BN patients by means of the Game Of Dice Task. Patients
chose the disadvantageous alternatives more frequently
than did control subjects. Performance on the Game Of
Dice Task was related to executive functioning but not to
other neuropsychological functions, personality, or disease-
specific variables in the BN group. The authors stated that,
in BN patients, decision-making abnormalities and executive
reductions could be demonstrated and might be neuropsycho-
logical correlates of the patients’ dysfunctional everyday life
decision-making behavior.®® In the same line, Guillaume et al
studied decision making by way of the lowa Gambling Task
including AN and BN patients as well as controls.* These
authors concluded that there was not reduced decision making
in ED patients. Nevertheless, other authors have found that
BN patients performed poorly in this task.*

The main results in this area suggest possible decision-
making abnormalities and executive reductions in BN
patients.

BED

There are several studies based on samples comprising choco-
late cravers,’ fasting and non-fasting normal individuals,”
overweight/obese females,’>” or subjects with different
eating disorders.”*” In these studies, different paradigms
have been used, such as Stroop tasks, visual dot probe task,
the visual search paradigm, or eye movement monitoring.
Nevertheless, there is a shortage of studies specifically
focused on BED.

Considering the keys to control unwanted behaviors and
thoughts (attention, inhibitory control, mental flexibility),
Mobbs et al” compared obese persons with and without BED
by means of a food/body mental flexibility task. All patients
made more errors and omissions than controls did. Obese
patients with BED made more errors and omissions than those
without BED. Another study, using the lowa Gambling Task
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and a delay discounting measure, reported that obese and BED
patients had worse performance on both tasks compared to
control participants, but did not differ from each other.”

Discussion

Neuropsychological assessment of ED is being used in order
to diagnose better and to conceptualize and design therapeutic
plans. It is clear that the main efforts have been expended
in AN. Another evident fact is that methodological limitations
are more a rule than an exception in the literature regarding
this field of study. Is there neuropsychological impairment
in ED? Maybe or maybe not. Different types of ED, differ-
ent populations, different tests, different follow-up periods,
different severities, and so on, are hindrances to establishing
an accurate answer to that question.

Perhaps the most important question is if the
neuropsychological findings reported in ED are reversible
with appropriate treatment (ie, are deficits an expression
of traits or a mere consequence that emerged during the
course of the disorder?). In a study by Green et al,'' AN
patients completed different neuropsychological tasks (on
three occasions) over the course of 12 weeks of inpatient
treatment. Following treatment, patients did not improve
their cognitive performance. On the third occasion the mean
BMI was 16.53, which represents undernutrition.'" Sarrar
et al’! studied the cognitive functions of AN patients before
and after weight gain. The mean BMI at the final testing
session was 17.4. Lauer et al'® included BN and AN patients
in a study assessing their neuropsychological states before,
during, and after a treatment. As a result, in the last testing
session (7 months after the beginning of the treatment), the
impaired cognitive functions improved similarly in AN and
BN patients. The main finding of this study was the absence
of association between cognitive and clinical rectifications,
which led the authors to suggest the existence of mediating
factors (eg, hormonal or metabolic). In this case, the weight
status was expressed as a percentage of ideal body weight
and changed from 70.1% to 86.8% and from 99.6% to
95.8% in AN and BN patients, respectively. Recently, Pieters
et al® reported the persistence of some altered patterns after
weight restoration (change of BMI from 14.56 to 18.90) in
AN inpatients after an average stay of 131 days. Another
study® showed that neuropsychological functioning improved
over the course of treatment, but this improvement was not
associated with a change in BMI (from 16.58 to 19.28 after
a mean of 32.79 days). In other cases, the neuropsychologi-
cal assessment was made a period of time after admission
in the hospital (eg, 24.6 days in another study by Pieters

et al).?? The study by Carter et al* with BN patients reported
that patients performed significantly faster on information
processing tasks posttreatment than pretreatment and sig-
nificantly slower on food/body words than on control words.
However, patients performed significantly slower on color
words than on food/body words. Kingston et al*’ reported
that, following treatment, AN patients improved relative to the
control group only on tasks assessing attention. In addition,
lower weight, but not duration of illness, was associated with
poorer performance on tasks assessing flexibility/inhibition
and memory. Tchanturia et al’® analyzed set shifting tasks in
AN patients, and difficulties in these tasks did not show any
improvement following retesting after weight recovery.

Besides a few studies that stated that cognitive deficits
diminished after weight restoration,” %2 others!?”-”® have not
observed such an improvement. What do neuropsychologi-
cal deficits represent in ED? To date, this question remains
unanswered. The only clear response is that there are severe
methodological differences among studies. Are there state-
related deficits and trait-related deficits?

The neuropsychological functions in ED have been
accompanied by studies based on neuroimaging and neu-
rophysiology in order to correlate structural and functional
brain changes with neuropsychological findings.®** Due
to the enormous amount of variables (weight, duration of
illness, medications, etc), it is difficult to demonstrate the
correlation between brain changes and functional changes.
In order to establish a cause and effect relationship, it would
be necessary to develop longitudinal neuroimaging studies.
Is there a time limit of duration of weight loss, beyond which
normalization of brain function would be more difficult?
Would a longer period of normal eating and weight main-
tenance be required to improve cognitive functioning?* In a
recent study based on patients with early-onset AN, authors
have suggested that neurobiological abnormalities at initial
presentation predict neuropsychological status at follow-up,
which might indicate a distinct neurodevelopmental subtype
of early-onset AN.%

Different changes in AN patients are not specific. For
example, Cooper and Todd have found no differences
between AN and BN patients.? In addition, healthy indi-
viduals under a restrictive diet may suffer difficulties in
sustained attention and short-term memory.*” To some
extent, it may be that some deficits observed in AN depend
on food deprivation (with the corresponding biological
consequences). The case of BN seems to be different, with
respect to normal weight and overweight individuals. Binge
episodes and purging behaviors would cause biological
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alterations, which, consequently, would alter performance
on neuropsychological tasks.*

What is the clinical relevance of such a vast number of
studies? Although the results give us some new practical
knowledge, these types of studies remain substantially
theoretical. Is it necessary to implement new forms of
treatment to specifically focus on the neuropsychological
impairment of these patients? The authors of one study have
observed that patients with more cognitive deficits have
a worse prognosis.”

Former studies on the neuropsychology of ED highlighted
the reversibility of neuropsychological impairments.!3?’
Recent studies try to direct the attention to the neuropsycho-
logical impairments as predisposing factors and/or specific
eating-disorder-related findings. An example of these efforts
to search for ED endophenotypes are the several articles by
Lopez et al regarding the concept of central coherence.®°
Nevertheless, potential confounding factors, comorbid
pathologies, use of different medications, etc, make it dif-
ficult to form definitive conclusions.* It seems that a jump
is being made from the “consequences of malnutrition” to
“predisposing factors to suffer ED”. It must be noted that
the unanimous consensus is that there are no gross neurop-
sychological deficits in AN.? In addition, despite the persis-
tence of impairments after weight recovery stated by some
authors,'?778 another study has reported that the cognitive
performance of AN patients can show improvement even after
a period of 2 years following patient discharge.’’ In a recent
study focused on the first admission of adolescent patients
with AN, cognitive impairments appear to normalize with
refeeding and weight gain.*?

In summary, the problem with the classification system
of ED, the values of BMI considered in different studies, dif-
ferent sample sizes, the absence of ecological paradigms (eg,
how neuropsychological deficits affect daily functioning), the
possibility of previous neurological lesions (eg, perinatal), the
subgroups of ED, duration of illness variability, and comorbid
pathologies are some variables to consider before conclu-
sions can be made. In addition, the classification systems of
cognitive functions differ considerably among the different
studies. As a result, the tests and tasks to assess the same
function also differ among studies.

Conclusion

Different neuropsychological alterations have been described
in ED, particularly in AN. Nevertheless, there are many
inconsistencies among studies, mainly due to methodological
biases. It remains unclear if some findings are related to traits

or if they are a mere consequence of the core pathology (eg,
malnutrition). To date, the clinical and therapeutic relevance
of the neuropsychological findings in ED remains unclear.
The main change in this field of study may be the view of neu-
ropsychological impairments as predisposing factors of ED
rather than a mere consequence of it. Some specific functions
such as cognitive flexibility, problem solving, impulsiveness,
etc, need to be related to the modern neuroimaging studies
on ED in order to clarify the weight of the disposition and
the consequences of each type of ED.

Acknowledgment
Thanks to the staff of the Eating Disorders Unit of the
Behavioral Sciences Institute, Seville, Spain for its support.

Disclosure
The author reports no conflicts of interest in this work.

References

1. Posner MI, DiGirolamo GJ. Cognitive neuroscience: origins and
promise. Psychol Bull. 2000;126(6):873—889.

2. NAN Definition Of A Clinical Neuropsychologist 2001. National
Academy of Neuropsychology; 2001. Available from: http:/www.
nanonline.org/docs/PAIC/PDFs/NANPositionDefNeuro.pdf. Accessed
March 16, 2013.

3. Steinglass J, Walsh T. Habit learning and anorexia nervosa: a
cognitive neuroscience hypothesis. Int J Eat Disord. 2006;39(4):
267-275.

4. Duchesne M, Mattos P, Fontenelle LF, Veiga H, Rizo L, Appolinario JC.
Neuropsychology of eating disorders: a systematic review of the
literature. Rev Bras Psiquiatr. 2004;26(2):107—117. Portuguese.

5. Steiger H, Bruce KR. Phenotypes, endophenotypes, and genotypes
in bulimia spectrum eating disorders. Can J Psychiatry. 2007;52(4):
220-227.

6. Sodersten P, Bergh C, Zandian M. Understanding eating disorders.
Horm Behav. 2006;50(4):572-578.

7. Holliday J, Tchanturia K, Landau S, Collier D, Treasure J. Is impaired
set-shifting an endophenotype of anorexia nervosa? Am J Psychiatry.
2005;162(12):2269-2275.

8. Cavedini P, Bassi T, Ubbiali A, et al. Neuropsychological investigation
of decision-making in anorexia nervosa. Psychiatry Res. 2004;127(3):
259-266.

9. Tchanturia K, Campbell IC, Morris R, Treasure J. Neuropsychological
studies in anorexia nervosa. /nt J Eat Disord. 2005;37 Suppl:S72-S76;
discussion S87-S89.

10. Lezak MD, Howieson DB, Loring DW. Neuropsychological Assessment,
4th ed. New York, NY: Oxford University Press; 2004.

11. Green MW, Elliman NA, Wakeling A, Rogers PJ. Cognitive function-
ing, weight change and therapy in anorexia nervosa. J Psychiatr Res.
1996;30(5):401-410.

12. Mendlewicz L, Nef F, Simon Y. Selective handling of information in
patients suffering from restrictive anorexia in an emotional Stroop test
and a word recognition test. Neuropsychobiology. 2001;44(2):59-64.

13. Redgrave GW, Bakker A, Bello NT, et al. Differential brain activation in
anorexia nervosa to fat and thin words during a Stroop task. Neuroreport.
2008;19(12):1181-1185.

14. Sackville T, Schotte DE, Touyz SW, Griffiths R, Beumont PJ. Conscious
and preconscious processing of food, body weight and shape, and
emotion-related words in women with anorexia nervosa. /nt J Eat
Disord. 1998;23(1):77-82.

submit your manuscript

428

Dove

Neuropsychiatric Disease and Treatment 2013:9


http://www.nanonline.org/docs/PAIC/PDFs/NANPositionDefNeuro.pdf
http://www.nanonline.org/docs/PAIC/PDFs/NANPositionDefNeuro.pdf
www.dovepress.com
www.dovepress.com
www.dovepress.com

Dove

Neuropsychology of eating disorders

15.

16.

17.

18.

20.

21.

22.

23.

24.

25.

26.

217.

28.

29.

30.

31.

32.

33.

34.

35.

36.

Giel KE, Friederich HC, Teufel M, Hautzinger M, Enck P, Zipfel S.
Attentional processing of food pictures in individuals with anorexia
nervosa — an eye-tracking study. Biol Psychiatry. 2011;69(7):661-667.

Rieger E, Schotte DE, Touyz SW, Beumont PJ, Griffiths R, Russell J.
Attentional biases in eating disorders, a visual probe detection proce-
dure. Int J Eat Disord. 1998;23(2):199-205.

Zimmermann P, Fimm B. Testbatterie zur Aufmerksamkeitspriifung
[Tests for Attentional Performance]. Wiirselen, Germany: Psytest; 1993.
German.

Lauer CJ, Gorzewski B, Gerlinghoff M, Backmund H, Zihl J.
Neuropsychological assessments before and after treatment in patients
with anorexia nervosa and bulimia nervosa. J Psychiatr Res. 1999;33(2):
129-138.

. Seed JA, McCue PM, Wesnes KA, Dahabra S, Young AH. Basal activ-

ity of the HPA axis and cognitive function in anorexia nervosa. Int J
Neuropsychopharmacol. 2002;5(1):17-25.

Mathias JL, Kent PS. Neuropsychological consequences of extreme
weight loss and dietary restriction in patients with anorexia nervosa.
J Clin Exp Neuropsychol. 1998;20(4):548-564.

Sarrar L, Ehrlich S, Merle JV, Pfeiffer E, Lehmkuhl U, Schneider N.
Cognitive flexibility and Agouti-related protein in adolescent patients with
anorexia nervosa. Psychoneuroendocrinology. 2011;36(9):1396-1406.
Pieters G, Sabbe B, Hulstijn W, Probst M, Vandereycken W, Peuskens J.
Fast psychomotor functioning in underweight anorexia nervosa patients.
J Psychiatr Res. 2003;37(6):501-508.

Pieters G, Hulstijn W, Vandereycken W, et al. Fast psychomotor
functioning in anorexia nervosa, effect of weight restoration. J Clin
Exp Neuropsychol. 2005;27(8):931-942.

Bosanac P, Kurlender S, Stojanovska L, et al. Neuropsychological study
of underweight and “weight-recovered” anorexia nervosa compared
with bulimia nervosa and normal controls. /nt J Eat Disord. 2007;40(7):
613-621.

Moser DJ, Benjamin ML, Bayless JD, et al. Neuropsychological func-
tioning pretreatment and posttreatment in an inpatient eating disorders
program. Int J Eat Disord. 2003;33(1):64-70.

Stedal K, Rose M, Frampton I, Landre NI, Lask B. The neuropsycho-
logical profile of children, adolescents, and young adults with anorexia
nervosa. Arch Clin Neuropsychol. 2012;27(3):329-337.

Kingston K, Szmukler G, Andrewes D, Tress B, Desmond P.
Neuropsychological and structural brain changes in anorexia nervosa
before and after refeeding. Psychol Med. 1996;26(1):15-28.

Bradley SJ, Taylor MJ, Rovet JF, et al. Assessment of brain function in
adolescent anorexia nervosa before and after weight gain. J Clin Exp
Neuropsychol. 1997;19(1):20-33.

Hermans D, Pieters G, Eelen P. Implicit and explicit memory for shape,
body weight and food-related words in patients with anorexia nervosa
and non-dieting controls. J Abnorm Psychol. 1998;107(2):193-202.
Sebastian SB, Williamson DA, Blouin DC. Memory bias for fatness
stimuli in the eating disorders. Cogn Ther Res. 1996;20:275-286.
Shott ME, Filoteo JV, Jappe LM, et al. Altered implicit category learning
in anorexia nervosa. Neuropsychology. 2012;26(2):191-201.

Murphy R, Nutzinger DO, Paul T, Leplow B. Dissociated conditional-
associative learning in anorexia nervosa. J Clin Exp Neuropsychol.
2002;24(2):176-186.

Gillberg IC, Gillberg C, Rastam M, Johansson M. The cognitive profile
of anorexia nervosa: a comparative study including a community-based
sample. Compr Psychiatry. 1996;37(1):23-30.

Rose M, Davis J, Frampton I, Lask B. The Ravello Profile: development
of a global standard neuropsychological assessment for young people
with anorexia nervosa. Clin Child Psychol Psychiatry. 2011;16(2):
195-202.

Fassino S, Pierd A, Daga GA, Leombruni P, Mortara P, Rovera GG.
Attentional biases and frontal functioning in anorexia nervosa. Int J
Eat Disord. 2002;31(3):274-283.

Tchanturia K, Anderluh MB, Morris RG, et al. Cognitive flexibility
in anorexia nervosa and bulimia nervosa. J Int Neuropsychol Soc.
2004;10(4):513-520.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

S1.

52.

53.

54.

55.

56.

57.

58.

Steinglass JE, Walsh BT, Stern Y. Set shifting deficit in anorexia nervosa.
J Int Neuropsychol Soc. 2006;12(3):431-435.

Southgate L, Tchanturia K, Treasure T. Information processing bias in
anorexia nervosa. Psychiatry Res. 2008;160(2):221-227.
Abbate-Daga G, Buzzichelli S, Amianto F, et al. Cognitive flexibility in
verbal and nonverbal domains and decision making in anorexia nervosa
patients: a pilot study. BMC Psychiatry. 2011;11:162.

Tokley M, Kemps E. Preoccupation with detail contributes to poor
abstraction in women with anorexia nervosa. J Clin Exp Neuropsychol.
2007;29(7):734-741.

Gillberg IC, Rastam M, Wentz E, Gillberg C. Cognitive and executive
functions in anorexia nervosa ten years after onset of eating disorder,
J Clin Exp Neuropsychol. 2007;29(2):170-178.

Biihren K, Mainz V, Herpertz-Dahlmann B, et al. Cognitive flexibility
in juvenile anorexia nervosa patients before and after weight recovery.
J Neural Trans. 2012;119(9):1047-1057.

Holliday J, Tchanturia K, Landau S, Collier D, Treasure J. Is impaired
set shifting an endophenotype of anorexia nervosa? Am J Psychiatry.
2005;162(12):2269-2275.

Dmitrzak-Weglarz M, Stopien A, Tyszkiewicz M, Rybakowski F,
Rajewski A, Hauser J. Polymorphisms of the SNAP-25 gene and per-
formance on the Wisconsin Card Sorting Test in anorexia nervosa and in
healthy adolescent participants. Arch Psyc Psyc. 2011;13(1):43-51.
Guillaume S, Sang CN, Jaussent I, et al. Is decision making really
impaired in eating disorders? Neuropsychology. 2010;24(6):808-812.
Cavedini P, Zorzi C, Bassi T, et al. Decision-making functioning as a
predictor of treatment outcome in anorexia nervosa. Psychiatry Res.
2006;145(2-3):179-187.

Tchanturia K, Liao PC, Uher R, Lawrence N, Treasure J, Campbell IC.
An investigation of decision making in anorexia nervosa using the lowa
Gambling Task and skin conductance measurements. J Int Neuropsychol
Soc. 2007;13(4):635-641.

Danner UN, Sanders N, Smeets PA, et al. Neuropsychological weak-
nesses in anorexia nervosa: set-shifting, central coherence, and decision
making in currently ill and recovered women. Int J Eat Disord. 2012;
45(5):685-694.

Brogan A, Hevey D, Pignatti R. Anorexia, bulimia, and obesity, Shared
decision making deficits on the lowa Gambling Task (IGT). J Int
Neuropsychol Soc. 2010;16(4):711-715.

Neumarker KJ, Bzutka WM, Dudeck U, Hein J, Neumarker U. Are there
specific disabilities of number processing in adolescent patients with
anorexia nervosa? Evidence from clinical and neuropsychological data
when compared to morphometric measures from magnetic resonance
imaging. Eur Child Adolesc Psychiatry. 2000;9(Suppl 2):111-121.
Bayless JD, Kanz JE, Moser DJ, et al. Neuropsychological character-
istics of patients in a hospital-based eating disorder program. Ann Clin
Psychiatry. 2002;14(4):203-207.

Grunwald M, Ettrich C, Krause W, et al. Haptic perception in anorexia
nervosa before and after weight gain. J Clin Exp Neuropsychol.
2001;23(4):520-529.

Chui HT, Christensen BK, Zipursky RB, et al. Cognitive function and
brain structure in females with a history of adolescent-onset anorexia
nervosa. Pediatrics. 2008;122(2):426—437.

Kaye WH, Bastiani AM, Moss H. Cognitive style of patients with anorexia
nervosa and bulimia nervosa. Int J Eat Disord. 1995;18(3):287-290.
Ferraro FR, Wonderlich S, Jocic Z. Performance variability as a
new theoretical mechanism regarding eating disorders and cognitive
processing. J Clin Psychol. 1997;53(2):117-121.

Kemps E, Wilsdon A. Preliminary evidence for a role for impulsivity
in cognitive disinhibition in bulimia nervosa. J Clin Exp Neuropsychol.
2010;32(5):515-521.

Mobbs O, Van der Linden M, d’Acremont M, Perroud A. Cognitive
deficits and biases for food and body in bulimia: investigation using
an affective shifting task. Eat Behav. 2008;9(4):455-561.

Van den Eynde F, Samarawickrema N, Kenyon M, et al. A study of
neurocognition in bulimia nervosa and eating disorder not otherwise
specified-bulimia type. J Clin Exp Neuropsychol. 2012;34(1):67-77.

Neuropsychiatric Disease and Treatment 2013:9

submit your manuscript

429

Dove


www.dovepress.com
www.dovepress.com
www.dovepress.com

Jauregui-Lobera

Dove

59.

60.

Cardi V, Matteo RD, Corfield F, Treasure J. Social reward and rejection
sensitivity in eating disorders: An investigation of attentional bias and
early experiences. World J Biol Psychiatry. Epub March 6, 2012.
Cserjési R, Vermeulen N, Lénard L, Luminet O. Reduced capacity in
automatic processing of facial expression in restrictive anorexia nervosa
and obesity. Psychiatry Res. 2011;188(2):253-537.

76.

71.

Mobbs O, Iglesias K, Golay A, Van der Linden M. Cognitive deficits
in obese persons with and without binge eating disorder. Investigation
using a mental flexibility task. Appetite. 2011;57(1):263-271.

Davis C, Patte K, Curtis C, Reid C. Immediate pleasures and future
consequences. A neuropsychological study of binge eating and obesity.
Appetite. 2010;54(1):208-213.

61. Black CM, Wilson GT, Labouvie E, Heffernan K. Selective processing 78. Tchanturia K, Morris RG, Anderluh MB, Collier DA, Nikolaou V,
of eating disorder relevant stimuli: does the Stroop Test provide an Treasure J. Set shifting in anorexia nervosa, an examination before and
objective measure of bulimia nervosa? Int J Eat Disord. 1997;22(3): after weight gain, in full recovery and relationship to childhood and
329-333. adult OCPD traits. J Psychiatr Res. 2004;38(5):545-552.

62. Lovell DM, Williams JM, Hill AB. Selective processing of shape-related 79. Hamsher Kde S, Halmi KA, Benton AL. Prediction of outcome in
words in women with eating disorders and those who have recovered. anorexia nervosa from neuropsychological status. Psychiatry Res.
Br J Clin Psychol. 1997;36(Pt 3):421-432. 1981;4(1):79-88.

63. Jones-Chesters MH, Monsell S, Cooper PJ. The disorder-salient stroop ~ 80. Kohlmeyer K, Lehmkuhl G, Poutska F. Computed tomography of
effect as a measure of psychopathology in eating disorders. /nt J Eat anorexia nervosa. AJNR Am J Neuroradiol. 1983;4(3):437-438.
Disord. 1998;24(1):65-82. 81. Small A, Madero J, Teagno L. Intellect, perceptual characteristics,

64. Carter FA, Bulik CM, McIntosh V'V, Joyce PR. Changes on the stroop and weight gain in anorexia nervosa. J Clin Psychol. 1983;39(5):
test following treatment: relation to word type, treatment condition 780-782.
and treatment outcome among women with bulimia nervosa. Int J Eat 82. Gillberg IC, Billstedt E, Wentz E, Anckarséter H, Rastam M, Gillberg C.
Disord. 2000;28(4):349-355. Attention, executive functions, and mentalizing in anorexia nervosa

65. Legenbauer T, Maul B, Riihl I, Kleinstduber M, Hiller W. Memory bias eighteen years after onset of eating disorder. J Clin Exp Neuropsychol.
for schema-related stimuli in individuals with bulimia nervosa. J Clin 2010;32(4):358-365.

Psychol. 2010;66(3):302-316. 83. Jauregui-Lobera I. Neuroimaging in eating disorders. Neuropsychiatr

66. Esplen MJ, Garfinkel P, Gallop R. Relationship between self-soothing, Dis Treat. 2011;7:577-784.
aloneness, and evocative memory in bulimia nervosa. Int J Eat Disord. 84. Jauregui-Lobera 1. Electroencephalography in eating disorders.
2000;27(1):96-100. Neuropsychiatr Dis Treat. 2012;8:1-11.

67. Steiger H, Lehoux PM, Gauvin L. Impulsivity, dietary control and 85. Frampton I, Hutchinson A, Watkins B, Lask B. Neurobiological status
the urge to binge in bulimic syndromes. /nt J Eat Disord. 1999;26(3): at initial presentation predicts neuropsychological functioning in early
261-274. onset anorexia nervosa at four-year follow up. Dev Neuropsychol.

68. Brand M, Franke-Sievert C, Jacoby GE, Markowitsch HJ, Tuschen- 2012;37(1):76-83.

Caffier B. Neuropsychological correlates of decision making in patients ~ 86. Cooper M, Todd G. Selective processing of three types of stimuli in
with bulimia nervosa. Neuropsychology. 2007;21(6):742-750. eating disorders. Br J Clin Psychol. 1997;36(Pt 2):279-281.

69. Liao PC, Uher R, Lawrence N, et al. An examination of decision making 87. Green MW, McKenna FP. Developmental onset of eating related color-
in bulimia nervosa. J Clin Exp Neuropsychol. 2009;31(4):455-461. naming interference. Int J Eat Disord. 1993;13(4):391-397.

70. Kemps E, Tiggemann M. Attentional bias for craving-related (chocolate) 88. Lopez CA, Tchanturia K, Stahl D, Treasure J. Central coherence in
food cues. Exp Clin Psychopharmacol. 2009;17(6):425-433. women with bulimia nervosa. Int J Eat Disord. 2008;41(4):340-347.

71. Leland DS, Pineda JA. Effects of food-related stimuli on visual spatial 89. Lopez CA, Tchanturia K, Stahl D, Booth R, Holliday J, Treasure J.
attention in fasting and nonfasting normal subjects: Behavior and An examination of the concept of central coherence in women with
electrophysiology. Clin Neurophysiol. 2006;117(1):67-84. anorexia nervosa. Int J Eat Disord. 2008;41(2):143—-152.

72. Nijs IM, Muris P, Euser AS, Franken IHA. Differences in attention to 90. Lopez CA, Tchanturia K, Stahl D, Treasure J. Weak central coherence
food and food intake between overweight/obese and normal-weight in eating disorders: a step towards looking for an endophenotype of
females under conditions of hunger and satiety. Appetite. 2010;54(2): eating disorders. J Clin Exp Neuropsychol. 2009;31(1):117-125.
243-254. 91. Mikos AE, McDowell BD, Moser DJ, et al. Stability of neuropsy-

73. Castellanos EH, Charboneau E, Dietrich MS, et al. Obese adults have chological performance in anorexia nervosa. Ann Clin Psychiatry.
visual attention bias for food cue images: evidence for altered reward 2008;20(1):9-13.
system function. /nt J Obes (Lond). 2009;33(9):1063—1073. 92. Hatch A, Madden S, Kohn MR, et al. In first presentation adolescent

74. Shafran R, Lee M, Cooper Z, Palmer RL, Fairburn CG. Attentional anorexia nervosa, do cognitive markers of underweight status change
bias in eating disorders. /nt J Eat Disord. 2007;40(4):369-380. with weight gain following a refeeding intervention? /nt J Eat Disord.

75. Smeets E, Roefs A, van Furth E, Jansen A. Attentional bias for body 2010;43(4):295-306.
and food in eating disorders: increased distraction, speeded detection,
or both? Behav Res Ther. 2008;46(2):229-238.

Neuropsychiatric Disease and Treatment Dove
Publish your work in this journal
Neuropsychiatric Disease and Treatment is an international, peer- ~ The manuscript management system is completely online and includes
reviewed journal of clinical therapeutics and pharmacology focusing a very quick and fair peer-review system, which is all easy to use. Visit
on concise rapid reporting of clinical or pre-clinical studies on a  http:/www.dovepress.com/testimonials.php to read real quotes from
range of neuropsychiatric and neurological disorders. This journal  published authors.
is indexed on PubMed Central, the ‘PsycINFO’ database and CAS.
Submit your manuscript here: http://www.dovepress.com/neuropsychiatric-disease-and-treatment-journal
430 submit your manuscript Neuropsychiatric Disease and Treatment 2013:9

Dove


http://www.dovepress.com/neuropsychiatric-disease-and-treatment-journal
http://www.dovepress.com/testimonials.php
www.dovepress.com
www.dovepress.com
www.dovepress.com
www.dovepress.com

	Publication Info 2: 
	Nimber of times reviewed: 


