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ABSTRACT

Neuropsychological findings in eating dis-
orders are somewhat inconsistent. This
rmay be because individual studies have
used a broad range of tests on relatively
small, heterogeneous clinical groups, thus
limiting the detection of subtle neuropsy-
chological differences in these patients,
Therefore, rather than using broad assess-
ments of a variety of neuropsychological
functions, adoption of a more focused,
hypothesis-driven approach based on
clinical practice is proposed. This will
allow more in-depth investigations of

targeted functions and will improve the
chances of detecting a problem, of explor-
ing its ecologic validity, and of tailoring a
treatment. We have demonstrated this
approach using our neuropsychological
studies of cognitive flexibility in anor-
exia nervosa (AN). @ 2005 by Wiley Per-
iodicals, Inc.
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Introduction

Neuropsychological tests were developed originally
to assess the effects of brain lesions or trauma, but
increasingly are being used to examine psychiatric
populations for which neuropsychological impair-
ments are likely to be much less severe. Further-
more, neuropsychological tests are now being used
to assist with diagnosis, to obtain quantifiable data
on the condition, and to develop treatment plans.
Therefore, it is timely to reflect on how these neu-
ropsychological tools should be used in the future,
particularly for individuals with anorexia nervosa
(AN). We have reviewed our own and other data
on neuropsychological developments in AN.

Research Studies in Psychiatric
Patients Including Those With AN

In psychiatry, neuropsychological testing has typi-
cally been directed towards some aspect of cognitive
ability. The value of this approach in individuals with
psychiatric disorders is relatively well established.
This is apparent in several comprehensive reviews of
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neuropsychological findings in different psychiatric
disorders. For example, Heinrichs and Zakzanis®
reviewed 204 studies of schizophrenia and reported
moderate to large effect sizes in 22 neurocognitive
tests, indicating broad cognitive impairment in schi-
zophrenia with varying degrees of deficit in all ability
domains measured by standard neuropsychological
tests, Conversely, in a recent systematic review
of studies of cognitive impairment in obsessive-com-
pulsive disorder (OCD), it was concluded that there
is no clear and specific neuropsychological profile
for the OCD patient group, but there is some evi-
dence for dysfunction in visuospatial memory and
verbal memory when tasks require effortful encoding
strategies. For example, in studies assessing execu-
tive functioning such as fluency, set-shifting, plan-
ning, and problem-solving abilities, contradictory
results have been obtained.>*

A search of the literature using the terms neuropsy-
chology, anorexia, cognitive performance, and execu-
tive functions in PsycInfo, Medline, and Web of
Science, together with a manual search of specialist
eating disorders joumnals, identified 36 articles of spe-
cific relevance to this review. The conclusions that can
be drawn are constrained by the fact that there are a
number of methodologic limitations inherent in the
reports. Basically, there is no consensus on the exis-
tence of neuropsychological impairment in AN even
though several lines of research indicate that it
is accompanied by neurobiologic (e.g., structural)
abnormalities.>® This apparent absence of consistent
reports of neuropsychological impairment in AN may
reflect the true situation or, alternatively, may reflect
the fact that there have been fewer neuropsychologi-
cal studies of eating disorders than of other major
psychiatric disorders. In addition, it may also be

Int | Eat Disord 37 572-576 2005



Favs

F el

related to the fact that there is a lack of consistency in
the design of the studies, in terms of patient sample
(case-control, cross-sectional, or longitudinal) and
methodology (e.g., the tests employed to measure
the same function). Diagnostic issues are particularly
problematic, as 44% of the reviewed studies were
published before the introduction of the 4th ed. of
the Diagnostic and Statistical Manual of Mental Dis-
orders (DSM-IV; American Psychiatric Association,
Washington, DC, 1994) and the transition to the
separation of patients into diagnostic subtypes. In
addition, some studies suffer from design weaknesses,
including small sample sizes, leading to inadequate
statistical power, or failure to define case status or
recovery. Furthermore, only 12 studies used a follow-
up design to investigate whether weight gain affects
cognitive performance and only two reported data
obtained from long-term recovered patients.’

Several comprehensive reviews have focused on
neurocognitive functioning in AN.'*!'? For example,
Braun and Chouinard"® set the scene by introducing
the question: “Is AN a neuropsychological disorder”?
and cautioned that large studies and twin data would
be necessary to establish whether neuropsychologi-
cal characteristics are trait or state characteristics.
Touyz and Beumont'? compared AN and bulimia
{BN) patients and found no difference in neuropsy-
chological performance between these groups. More
recently, Lauer'! observed that the most robust neu-
ropsychelogical findings in eating disorders relate to
attentional deficits involving selective attention
{enhanced distractibility) and flexibility/ inhibition
functions (response selection). Lauer noted that
only 40% of patients show impairment in these
domains and that those individuals do not differ in
terms of clinical characteristics from those without
such deficits. Furthermore, these authors reported
that such neurocognitive impairments tended to dis-
appear in paraltel with weight restoration.

Some general limitations exist throughout most
of the neuropsychological research conducted on
individuals with eating disorders, namely, that most
studies have used a broad range of different neurop-
sychological tests and have involved AN groups that
have varied in their clinical severity. Some of these
issues make it rather difficult to compare findings
and (o make generalized statements. One way of
overcoming this is to focus research on targeted
hypotheses and to investigate a specific neuropsy-
chological function in depth using various tests,
rather than looking at all the functions with a single
test that might not be sufficiently sensitive to detect
differences in an AN population. It is also important
to define the clinical groups in a standardized way.
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Neuropsychological Issues in AN

A review of the literature shows that a number of
questions remain only partially addressed. We have
highlighted these questions and discussed the lim-
ited extant research that addresses them.

To what extent are neuropsychological impair-
ments in AN due to a malfunction of specific neuro-
logic systems, or represent suboptimal performance
as a consequence of more subtle neuropsychiatric
dysfunction? Evidence from studies using the Stroop
test suggests there are attentional biases in relation
to body and weight stimuli in AN,'® but it seems
likely that these are perturbations in homeostatically
constructed normal neural mechanisms, rather than
fundamental malfunctions of neurocognitive mod-
ules. Alternatively, the discovery of specific impair-
ments in executive function may be due to a more
specific neural abnormality.

Are neuropsychological characteristics reflective
of traits that are genetic and/or have emerged neu-
rodevelopmentally or are they state related? Trait
characteristics should be largely invariant and
remain after recovery from illness. Some studies
have reported that in acute underweight AN subjects,
there is mild impairment in skills such as short-term
verbal and visual memory, visuospatial construction
problem solving, and reaction time, but that after
weight recovery, these cognitive deficits dimin-
ish.'*"1%In contrast, however, Green et al.,'” Kingston
et al.'® and Tchanturia et al.'"® have not observed
such improvements in cognitive function after
recovery. Thus, whether these neuropsychological
deficits are state or trait related remains unresolved.
It is clear that there is a need to investigate neurop-
sychological function in patients who attain full psy-
chiatric recovery (i.e., recovery should not simply be
defined in terms of weight gain).

How can we establish if neurcbiologic abnormal-
ities exist premorbidly, and explore whether they are
antecedents for AN or are a consequence of the
illness? Evidence suggests that there are both neuro-
logic impairments®® and brain structural abnormal-
ities in AN. However, even if structural brain changes
can be demonstrated in AN, the functional correlates
of these may be more difficult to ascertain. For exam-
ple, in a recent study, we have reported decreases of
appreximately 10% in hippocampal volume in AN
subjects but that it is not accompanied by neuropsy-
chological changes in hippocampal function.?* Cur-
rently, attempts are being made to address such
issues related to structure and function using neu-
roimaging techniques in combination with psycho-
logical tools. For example, in our functional
Magnetic Resonance Imaging (fMRI) studies, ">
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brain reactivity to photographs of high-calorie foods
differentiates women with eating disorders from
controls. There are three main findings. First, BN
and AN subjects share an abnormal reaction to
food in the orbitofrontal (OFC) and anterior cingu-
late cortices (ACC). It is noteworthy that the OFC and
ACC are involved in emotional processing”® and
that abnormal activations in these areas are found in
response to disease-related stimuli in OCD**2? and
addiction,*® two conditions with symptom overlap
with eating disorders. Second, in patients with eating
disorders, reactivity to food stimuli in lateral associa-
tive cortical areas (parietal, lateral prefrontal) is
decreased compared with controls. This is especially
so in BN patients who show markedly decreased
reactivity to food in the lateral prefrontal cortex. As
the lateral prefrontal cortex is involved in inhibition
and suppression of undesirable behaviors, we inter-
preted this as corresponding to a lack of control over
eating. Finally, women with long-term recovery from
AN showed greater lateral and apical prefrontal reac-
tivity to food than age-matched chronic patients.
One hypothesis is that this increase in functionality
of these regions is associated with therapeutic
change. What will be necessary in the future will be
longitudinal neuroimaging studies of eating disorder
participants as these have the potential to address
issues related to cause and effect. Another approach
will be to examine unaffected twins and/or siblings.

What are the clinical implications of neuropsy-
chological research in AN? Understanding the
neural underpinning of cognitive dysfunction in
AN will increase our theoretical knowledge in a gen-
eral way, but may also provide insights into the day-
to-day functioning of people with AN. Currently,
relatively little work has been done on neuropsycho-
logical rehabilitation in psychiatric patients. To
obtain this information, it will be necessary to con-
duct studies using “ecologically valid” procedures,
in other words, laboratory-based tests that attempt
to simulate “real world” cognitive demands. In this
way, neuropsychological deficits can be defined in
terms of disability, with the possibility that new
forms of treatment will take this into account. This
will mirror developments in the management of
other neuropsychiatric disorders.

Studies of Cognitive Flexibility
in AN

We have not yet addressed all four of the critical
issues outlined above. However, our ongoing neu-
ropsychological studies have begun to address them.
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Our research has been based on the observation that
people with AN show, as core features, high harm
avoidance, inflexibility of thinking, rigid behaviors
around eating, and high perfectionism.*! In addition,
neuropsychological studies have highlighted a ten-
dency te be inflexible on cognitive tasks and an
inability to change past patterns of thinking. These
features can be conceptualized as difficulties in set-
shifting and we hypothesized that people with AN
would demonstrate this inflexibility in an experi-
mental setting. Set-shifting ability is essential for
cognitive-behavioral flexibility, allowing the adapta-
tion of behavior in line with changing demands of
the environment. Problems in set-shifting may man-
ifest in a variety of forms related to cognitive inflex-
ibility {e.g., concrete and rigid approaches to
problem-solving and stimulus-bound behavior) and
response inflexibility (e.g., perseverative or sterec-
typed behaviors). The hypothesis was supported in
a series of studies conducted by our group (Table 1).
We began with a simple perceptual test, the Haptic
illusion task, to establish if people with AN would
demonstrate set-shifting difficulties in the percep-
tual domain.** We eliminated the possibility that
the observed difficulties were due to a broader diffi-
culty on perceptual tasks, as suggested by Grunwald
et al.,** by conducting a study using both cognitive
and perceptual set-shifting tasks. We found that set-
shifting difficulties observed in AN were not
restricted to the perceptual domain. Furthermore,
set-shifting difficulties were also evident in indivi-
duals long-term recovered from AN.*® These initial
studies suggested that these features are not purely a
function of the acute illness state. Subsequently, we
developed a broader battery of set-shift tasks,
applied to a larger sample of individuals with eating
disorders, to explore the specificity of our findings.
Broad set-shifting difficulties were evident in indivi-
duals with AN both during the acute phase of the
illness and after weight restoration {longitudinal
data).*® It is noteworthy that a separate comparison
between individuals with acute AN and long-term
recovered patients (cross-sectional data)'® showed
that normal performance was only present in a sub-
sample of the set-shifting tasks in the long-term
recovered group.

We have also extended this research using the
same neuropsychological tests in sister pairs dis-
cordant for AN. Results suggest that difficulties in
set-shifting are shared by the healthy sisters of
those with AN.* This observation raises the intri-
guing possibility of set-shifting representing a
potential endophenotype for genetic studies of AN,

Because of the conceptual similarities between
neuropsychological measures of inflexibility and
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TABLE 1. Cognitive flexibility in AN: studies by our group over the past S years

NEUROPSYCHOLOGY IN AN

No. and Groups ~ Age Case-Control/
Study Tests Employed of Participants  {years) BMI Follow-Up Core Findings
Tchanturia et al.2  Perceptual illusions 15 AN 281 141 Cross-sectional AN and BN had higher per
15 BN 251 200 ceptual rigidity vs. controls.
28 HC 282 223

Tchanturia et al.>®  Perceptual illusions 30 AN 252 146 Cross-sectional AN acute and AN Rec had high

Cognitive shift 16 AN Rec 300 201 perceptual and cognitive
23 HC 276 213 rigidity.

Tchanturia et al.*®  Perceptual illusions 34 AN 267 13.7 Cross-sectional AN (acute) demonstrated a
Cognitive shift Trail mak- 19 BN 265 218 wider range of set-shifting
ing A,B Brixton Picture set 35 HC 248 218 difficulties vs. BN and con-

trol groups.

Tchanturia et al.*®  Perceptual illusions 34 AN 272 137 20 patients were followed AN and AN Rec had high
Cognitive shift Trail mak- 18 AN Rec 284 204 up after weight gain (in- perceptual rigidity. In cog-
ing A,B Brixton Picture set 36 HC 259 218 patient program) nitive shifting, the AN Rec

Holliday et al.*” Perceptual illusions 47 AN
Cognitive shift Trail mak- 47 sisters
ing A,B Brixton Picture set 47 nonrelated

controls

263 179 Sister pair and HC
76 228
265 221

group was doing better
than the AN acute group.
Childhood perfectionism
was highly associated with
inflexibility.

Unaffected sisters had higher
levels of perceptual rigidity
vs. control group.

Note: AN = anorexia nervosa; AN Rec = anorexia long-term recovered; BN = bulimia nervosa; HC = healthy comparison group; BMI = body mass index.

Means of the values are shown,

clinical and empirical observations of a rigid and
inflexible personality in AN, we explored the rela-
tionship between these constructs. From the view-
point of premorbid childhood traits, childhood
inflexibility was found to be highly predictive (40%
using the hierarchical regression backward method)
of set-shifting difficulties.”® However, using the
temperament scales from the Temperament and
Character Inventory revised (TCIr),*" no strong rela-
tionship between personality and neuropsychologi-
cal performance was observed, although harm
avoidance had a small effect {(12% using regression
modeling with standard errors). Therefore, we have
concluded that measures of personality vary in the
extent to which they tap the features assessed by the
neuropsychological tests, with childhood inflexibil-
ity showing the strongest association with the vari-
ables tested to date.

From the consistent results we have obtained
showing reduced cognitive flexibility in AN, we
are investigating the efficacy of a flexibility inter-
vention program in an inpatient treatment setting.
Our preliminary observations indicate that feed-
back on neuropsychological assessment and cog-
nitive remediation using a flexibility module is
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beneficial for people with AN at a severe stage of
illness if they have problems with set-shifting
tasks,

Conclusions

There is a general consensus that there are no gross
neuropsychological deficits in AN. Reported deficits
such as cognitive rigidity are likely to be subtle and
may be difficult to formally demonstrate with tools
that have been developed for research/assessment of
patients with severe brain lesions. Therefore, we pro-
pose the adoption of an experimentally driven
approach rather than of the use of broad assessments
of neuropsychological function. This approach will
require the use of substantial sample sizes that will
{a) allow the identification of subtle neuropsycholo-
gical deficits, (b} enable deficits to be related to clin-
ical symptomatology, and (c) establish potential
relationships with personality measures and/or bio-
logic measures. By integrating this approach into a
longitudinal design, it will also be possible to address
issues of state versus trait. This might be followed
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by ecologically valid paradigms to examine how
putative neuropsychological deficits affect daily
functioning and, ultimately, the development of
focused intervention programs based on research
evidence.

The authors thank the BIAL foundation {Grant 88/
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Dr. K. Tchanturia (059049), the European Commission
Framework V program (http://www.cordis.lu/life/home.
html) (Grant QLK1-1999-916), the Nina Jackson Eating
Disorders Research Charity, and the Healthcare Medical
Trust (PPP) foundation for supporting several
neuropsychological projects in our group.
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