Clinical Neuropsychiatry (2005) 2, 3, 137-148

NEUROPSYCHOLOGICAL ASSESSMENT OF MOOD DISORDER

Samuel R. Chamberlain, Barbara J. Sahakian

Summary

Cognitive dysfunction is central to our understanding of mood disorder in terms of everyday patient experiences,
diagnostic criteria, and contemporary psychological models. Neuropsychological assessment can provide clinicians
and researchers with convenient objective markers of disease that represent intermediaries between lower level
neural dysfunction and the overt (top-level) expression of symptoms in patients. In this article, we provide an
overview of practical and theoretical aspects of the neuropsychological assessment of mood disorder, focusing on
the search for state and trait markers in the domains of memory, affective processing bias, response to negative
feedback, decision-making, and sustained attention. Integrating the findings, we propose that neuropsychological
assessment offers significant promise in improving detection of disease onset, monitoring recovery and relapse,
assessing treatment efficacy, and developing more effective treatment algorithms for these highly debilitating and

prevalent disorders.

Key Words: Depression — Mania — Bipolar — Fronto-striatal — Cognition

Declaration of interest: BJS Consults for Cambridge Cognition

Samuel R. Chamberlain, Barbara J. Sahakian FMedSci

Department of Psychiatry, University of Cambridge School of Clinical Medicine, Addenbrooke’s Hospital, Cambridge. CB2

2QQ. United Kingdom

Corresponding Author
Samuel R. Chamberlain - e-mail src33@cam.ac.uk

Introduction

Mood disorders are highly prevalent across cul-
tures, and place an enormous burden on society. De-
pression was recently ranked by the World Health
Organisation (WHO) as the leading cause of years lived
with disability worldwide, and the fourth leading cause
of disease burden (WHO 2001). By 2020, depression
is expected to account for more burden of disease in
developed countries than any other cause, even
ischaemic heart disease. Major depressive disorder cur-
rently affects some 121 million people worldwide, and
bipolar disorder some 27 million people (WHO 2000).
These illnesses have substantial economic as well as
social costs. To take but one example, the economic
cost of depression was estimated at 83.1 billion dollars
in the USA in 2000 (Greenberg et al. 2003).

Cognitive dysfunction is suggested by the every-
day life experiences of people with mood disorders,
and is integral to the diagnostic classification of these
conditions according to the Diagnostic and Statistical
Manual (DSM-1V 1994). Criteria for depression include
diminished ability to concentrate, and indecisiveness.
Likewise, criteria for mania include distractibility and
poor decision-making, such as involvement in pleasur-
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able activities that have a high potential for damaging
consequences. Cognitive dysfunctions or distortions are
also central to mainstream psychological models of
depression. In Beck’s Depressive Model, negative cog-
nitive schemata develop during early life, and are acti-
vated later due to unpleasant or stressful life events.
This leads to cognitive distortions such as all-or-noth-
ing thinking, and modern cognitive therapy aims to help
patients identity and modify these aberrant cognitive
styles (Teasdale et al. 1984, Beck 1997).
Computerised neurocognitive tasks, such as those
in the Cambridge Neuropsychological Test Automated
Battery (CANTAB) (www.camcog.com), are well-
suited for the assessment of cognition in individuals
and in groups of patients. They can be readily adminis-
tered between study sites in a consistent way, automate
data collection, and reduce potential for human bias
and error. These tests allow for the hypothesis-driven
dissection of different domains of cognition, and for
comparisons to be made between mood disorders, other
psychiatric conditions, patients with focal neurosurgi-
cal lesions, and healthy volunteers. The diagnosis of
mood disorders in patients, assessment of disease se-
verity, monitoring of treatment response, and selection
of treatment interventions, are all currently dependent
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on clinician assessment of top-level symptoms. Neu-
ropsychological tests can act as sensitive and objective
intermediate markers of disease that are closer to the
underlying brain basis of psychiatric conditions than
these top-level symptoms (Castellanos and Tannock
2002, Gottesman and Gould 2003). This search for in-
termediate disease markers (endophenotypes) is an
exciting prospect at the forefront of current research
that is likely to improve understanding of neurobiol-
ogy and inform clinical practice.

In this article, we will first discuss some impor-
tant background issues in neuropsychological assess-
ment, before providing a précis of what is known of
neurobiology and neurochemistry of mood disorders.
We will then discuss neuropsychological assessment
as applied to mood disorders, and bring the reader up-
to-date with important findings in five key cognitive
domains: memory, affective processing bias, response
to negative feedback, decision-making, and sustained
attention. We will finish by highlighting the growing
role of neuropsychological testing in clinical and re-
search environments, and discuss future research di-
rections.

Background Considerations

The purpose of neuropsychological testing is to
provide objective measures of brain dysfunction by in-
dicating cognitive domains that are deficient or spared
in individual patients or in groups of patients. There are
several important considerations when undertaking any
neuropsychological testing procedure. In order to se-
lect appropriate control data, it is vital to record age,
level of education, and pre-morbid IQ of participants.
In the UK for example, the National Adult Reading Test
(Willshire et al. 1991) provides a useful estimate of pre-
morbid verbal IQ. It is also important to ensure consis-
tency of test administration, via the provision of stan-
dard instruction sets, and clear guidance for test admin-
istrators about interventions they are permitted to make
during assessment (e.g. if questioned by the participant
during a cognitive task). It should always be born in
mind that it is possible for someone to fail a test for
reasons other than ‘primary’ cognitive dysfunction. For
example, a test of memory could be failed due to
attentional dysfunction rather than memory deficits per
se. This emphasises the need for the inclusion of well-
validated background tests as part of any comprehen-
sive testing battery. In studies using elderly patients and
healthy volunteers, the Mini Mental State Examination
(MMSE) should be used (Folstein et al. 1975).

Neuropsychological performance can be influ-
enced by mood status at the time of testing, and it is
critical to quantify these factors. Recommended clini-
cal indices for depressive mood status include the
Hamilton Rating Scale for Depression (HAM-D,
Hamilton 1960), Montgomery-Asberg Depression Rat-
ing Scale (MADRS, Montgomery and Asberg 1979)
and the self-complete Beck’s Depression Inventory
(BDI, Beck and Beamesderfer 1974). The BDI is also
useful for quantifying mood status in healthy volun-
teers. Mania can be assessed in patients with Young’s
Mania Rating Scale (YMRS, Young et al. 1978). In stud-
ies seeking to use recovered depressed patients or
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euthymic bipolar patients, clinical rating scales should
be used to help define cut-offs for what constitutes re-
covery. For example, a score of <10 on the MADRS
represents an optimal cut-off for people who previously
suffered from depression (Hawley et al. 2002).
Research to date has often overlooked the need to
carefully screen for psychiatric co-morbidities in patients,
and for psychiatric illnesses in putative healthy controls
whose results will be used as normative data. For ex-
ample, mood disorders are frequently co-morbid with
anxiety disorders (Zimmerman et al. 2002), and yet anxi-
ety disorders are in themselves associated with particu-
lar profiles of cognitive dysfunction (see e.g. Chamber-
lain et al. 2005). The need to screen controls is evident
when one considers that psychiatric disorders in the back-
ground population are commonplace. In one large study
in the United Kingdom, one in six adults were reported
as having a psychiatric disorder in the week preceding
the study interview (Singleton et al. 2003). The Struc-
tured Clinical Inteview for DSM-IV (SCID) represents
a gold-standard screening tool for axis-I disorders
(Spitzer et al. 1996), though the Mini International Neu-
ropsychiatric Inventory (MINI) (Sheehan et al. 1998) is
well-validated and more rapid to administer.

Neural Circuitry

The use of neuropsychological assessment in mood
disorders presupposes that there are underlying brain
dysfunctions in these conditions. Circuitry within the
brain can be considered to form relatively segregated
loops that connect thalamus, basal ganglia, and corti-
cal structures (Alexander et al. 1986). Disruption to
fronto-striatal circuitry is implicated in a variety of
psychiatric conditions including mood disorders, Ob-
sessive Compulsive Disorder (OCD), schizophrenia,
Parkinson’s disease, and others. In mood disorders, the
focus to date has been on the ‘affective’ loop connect-
ing orbitofrontal and anterior cingulate cortices to ven-
tral striatum, ventral pallidum and thalamus (Cham-
berlain and Sahakian 2004). Evidence implicating this
circuit in mood disorders comes from several sources,
including structural neuroimaging, resting state func-
tional neuroimaging, secondary mood disorders, and
combined neuropsychological-neuroimaging studies.

Structural Magnetic Resonance Imaging (MRI) has
facilitated the comparison of volumes of specific brain
structures in patients with mood disorders and healthy
volunteers. In bipolar disorder and depression, reduced
grey matter volumes are frequently reported in the fron-
tal lobes, especially anterior cingulate and dorsolateral
prefrontal cortices (Drevets et al. 1997, Sheline 2003,
Fossati et al. 2004, Lyoo et al. 2004). Additionally, re-
duced hippocampal volume is robustly reported in de-
pression (Sheline 2003, Sheline et al. 2003, Campbell
et al. 2004) but not bipolar disorder (Altshuler et al.
2000, Hauser et al. 2000), and it may be that lithium
has neuroprotective effects in the hippocampus (Manji
et al. 2000). Older patients with mood disorders show
increased numbers of brain white matter signal
hyperintensities, particularly around the ventricles, and
in the deep white matter and sub-cortical structures (e.g.
Aylward et al. 1994, Dahabra et al. 1998, Krishnan et
al. 2004). These types of white matter hyperintensity
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are associated with cardiovascular disease and hyper-
tension, suggesting a possible ischaemic contribution
to the development of depression in these more elderly
patients (Levy et al. 2003).

Abnormalities in regional cerebral blood flow and
brain metabolism in patients with mood disorders have
been examined with Positron Emission Tomography
(PET/SPECT) and functional Magnetic Resonance
Imaging (fMRI) techniques. Hypoactivation of frontal
lobe regions, especially dosolateral prefrontal and an-
terior cingulate cortices, have been reported in both
depression and mania (Baxter et al. 1989, Bench et al.
1992, Ketter et al. 2001, Kruger et al. 2003, Mayberg
2003). In seminal work by Drevets and others using
PET, familial bipolar depressive and unipolar depres-
sive patients showed abnormally reduced activity in a
specific area of prefrontal cortex ventral to the genu of
the corpus callosum, associated with volume loss in
the same region (Drevets et al. 1997). The degree of
dysfunction in implicated neural regions in depressed
patients has been shown to be predictive of response to
pharmacological and psychotherapeutic interventions
(Mayberg et al. 1997, Goldapple et al. 2004), and suc-
cessful treatment of mood disorder appears to normalise
dysfunction in these regions (Goodwin et al. 1993,
Bench et al. 1995). Dysfunctional orbitofrontal cortex
is implicated in mania, and bipolar patients withdrawn
from lithium medication show increases in orbitofrontal
cortex perfusion that correlate with increases in manic
symptom scores (Goodwin et al. 1997).

The occurrence of secondary depression is also
consistent with the involvement of fronto-striatal cir-
cuitry in mood disorders. Patients with brain injury to
frontal lobes or basal ganglia regions from stroke, tu-
mour resections, and head injury show higher than ex-
pected rates of depression (Pohjasvaara et al. 2001a,
Pohjasvaara et al. 2001b). Further, neuropsychiatric
conditions such as Parkinson’s Disease, Huntington’s
Disease, and OCD show frequent co-morbidity with
depression and share overlap in terms of implicated
neural structures (e.g. see Chamberlain et al. 2005).
Cases of secondary mania are considerably rarer, but
frontal lesions can induce persistent mania (the disin-
hibition syndrome) (Starkstein et al. 1990, Starkstein
and Robinson 1997).

In all, evidence supports involvement of fronto-
striatal circuitry, especially the affective basal ganglia-
thalamocortical loop, in the neurobiology of mood dis-
orders. Volumetric and functional abnormalities are
widely reported in frontal lobe regions, especially dor-
solateral and anterior cingulate cortex. The challenge
for modern day research is to dissociate distinct and
overlapping neural contributions between mood disor-
ders and other conditions and clarify the contribution
of these dysfunctions to neuropsychological test per-
formance and symptoms. One powerful way of tack-
ling this challenge is to use neuropsychological para-
digms that have been specially adapted for
neuroimaging use.

Neurochemistry

Given the fronto-striatal dysfunction evident in
mood disorders, it is necessary to question the status of
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underlying transmitter systems in these circuits. The
classic monoamine hypothesis of depression holds that
a reduction in serotoninergic, dopaminergic, and/or
noradrenergic transmitter levels mediates depressive
symptomatology, and that monoamine oxidase inhibi-
tors improve symptoms by reversing this deficiency (see
e.g. Coppen 1967). Selective Serotonin Reuptake In-
hibitors (SSRIs) now represent the most common phar-
macological treatment for depression and more recent
research has tended to focus on serotoninergic involve-
ment, especially the expression of 5-HT receptor sub-
types (Cowen 1990).

In the tryptophan depletion technique, volunteers
ingest an amino acid drink that lacks the precursor nec-
essary for serotonin synthesis, thereby transiently re-
ducing brain serotonin levels (Bell et al. 2001). Recov-
ered patients who previously suffered from depression
show a recurrence of depressive symptoms when sero-
tonin transmitter levels are transiently reduced via this
method (Young 1993). In studies using healthy volun-
teers and recovered depressive patients, tryptophan
depletion has also been shown to modulate emotional
processing and other aspects of cognitive functioning
(Young et al. 1985, Murphy et al. 2002, Rogers et al.
2003). Though serotonin is clearly implicated in the
neurochemistry of depression, the role of other trans-
mitter systems should not be overlooked, as selective
noradrenergic reuptake inhibitors (SNRIs) including
atomoxetine (formerly tomoxetine) and reboxetine
show efficacy in the treatment of depressive illness
(Chouinard et al. 1984, Messer et al. 2005).

Neurochemical abnormalities in mania are less
well characterised. While lithium is effective as a mood
stabiliser in bipolar illness, it appears to have
generalised effects on multiple cellular systems (Shastry
1997). Dopamine excess may be involved in the initia-
tion of manic episodes, as amphetamines (which in-
crease free levels of dopamine) induce manic-like
symptoms in healthy volunteers (Jacobs and Silverstone
1986), and euthymic bipolar patients show greater in-
crease in manic symptoms in response to amphetamine
compared to controls (Anand et al. 2000). Further, the
transient reduction of brain dopamine via tyrosine
depletion (a procedure analogous to tryptophan deple-
tion) has been found to improve manic symptoms in
acute inpatients (McTavish et al. 2001).

The hypothalamo-pituitary-adrenal (HPA) axis
regulates many biological factors including sleep/wake-
cycles, weight and metabolic control, cardiovascular
status, and responses to stressful situations. Abnormally
raised plasma concentrations of cortisol have been re-
ported in depression, mania, and bipolar depression
(Carroll and Curtis 1976, Cassidy et al. 1998, Cervantes
et al. 2001). Patients with Cushing’s Disease,
characterised by pathologically high secretion of corti-
sol into the bloodstream, show higher then expected
incidence of mood disorders (Jeffcoate et al. 1979,
Brown et al. 2004). In the dexamethasone suppression
test, synthetic glucocorticoids are administered in or-
der to record the feedback effects on the HPA-axis.
Multiple studies report an abnormal axis response in
patients with mood disorders (e.g. Rybakowski and
Twardowska 1999, Varghese and Brown 2001). The
HPA axis is increasingly implicated in developmental
models of mood disorders (Goodyer et al. 2000), and
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cortisol has been shown to regulate brain serotonin re-
ceptor expression in animals (Chalmers et al. 1993).

In summary, current pharmacological treatment
algorithms and other evidence implicate serotoninergic
and/or noradrenergic abnormalities in depression, and
dopamine excess in the instantiation of manic episodes.
Dysregulation of the HPA-axis is reported in many pa-
tients. Ongoing research is investigating the effects of
SSRIs, SNRIs, and other medications on neuropsycho-
logical performance in healthy volunteers and in pa-
tients with mood disorders. This is likely to enhance
understanding of neurochemistry, and suggest novel
treatment directions.

Cognitive abnormalities, in search of state and
trait markers

Studies to date have examined cognitive function-
ing across a broad range of domains in depression and
mania (see e.g. Tavares et al. 2003 for review). Defi-
cits have most frequently been reported on measures
of attention, memory, psychomotor speed, and execu-
tive function. The diagnosis of major depression or
mania according to DSM-IV allow for considerable
variation in the criteria, and it should not be surprising
that the precise pattern of cognitive dysfunction is some-
what variable between patients. Cognitive tasks con-
tinue to be developed and modified in light of clinical
and research findings, and it is becoming increasingly
feasible to identify trait and state markers of disease.
Trait markers represent neurocognitive signatures (defi-
cits or abnormalities) that persist even into full mood
episode recovery (e.g. into the euthymic phase of bi-
polar illness). State markers represent neurocognitive
signatures limited to mood episodes themselves — e.g.
found only in depressed patients when they are clini-
cally depressed. These two types of markers are likely
to be of utility in the detection of disease onset, moni-
toring of treatment response, and assessment of treat-
ment efficacy. Here we focus on five domains that are
showing promise in the search for such markers:
memory, affective processing bias, response to nega-
tive feedback, decision-making, and sustained atten-
tion.

Memory

Patients with depression often report memory
problems, and these are also evident according to self-
report inventories such as the Memory Complaints In-
ventory (MCI) (Rohling et al. 2002, Jorm et al. 2004).
It is important to consider whether these subjective
memory complaints can be more objectively quanti-
fied using neuropsychological tasks. The ability to en-
code, consolidate, and retrieve information all contrib-
ute to performance on neuropsychological tests of
memory, and impairments have been widely reported
in depressed and manic patients using a variety of tasks
(Wolfe et al. 1987, Beats et al. 1996, Elliott et al. 1996).
Further, these memory problems persist into the
euthymic stages of bipolar illness and are associated
with poor functional outcome (Rubinsztein et al. 2000,
Martinez-Aran et al. 2004a, Martinez-Aran et al.
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2004b). Temporal lobe regions (especially the hippoc-
ampus) represent important neural substrates of
memory (Owen et al. 1996). The reduced hippocampal
volumes observed in major depression are consistent
with temporal lobe dysfunction contributing to memory
impairments in this group. However, bipolar patients
do not show evidence of hippocampus volume abnor-
malities, and it is necessary to question whether dys-
function in other neural regions might underpin the
mnemonic deficits in these patients. Performance on
some neurocognitive tasks can be greatly aided by the
use of spontaneous strategies —i.e. breaking tasks down
into meaningful sub-goals in order to optimise perfor-
mance. The use of strategy is dependent on frontal lobe
circuitry, and euthymic patients show impaired strat-
egy on some memory tasks (Deckersbach et al. 2004),
suggesting that trait memory impairments in bipolar
disorder may be partly attributable to frontal lobe dys-
function.

Modern testing batteries such as the CANTAB in-
clude tests for different types of memory, including spa-
tial working memory, spatial recognition memory and
pattern recognition memory. Results from studies us-
ing these tests suggest that memory deficits emerge with
advancing patient age and are not present in young de-
pressed patients (Beats et al. 1996, Purcell et al. 1997).
The contributory factors underlying this apparent wors-
ening of mnemonic function with age are unclear,
though the white matter signal hyperintensities (see
previous discussion) may contribute in older patients.
Irrespective of the causal issues, it is likely that memory
problems impede not only the quality of life of patients
with mood disorders, but also the ability of such pa-
tients to successfully undertake psychological and phar-
macological treatments and make a full recovery — par-
ticularly given that the objective memory deficits per-
sist into euthymia. Ongoing work is focussing on the
cognitive enhancing effects of novel pharmacological
agents. For example, the wake-promoting agent
modafinil has been shown to enhance aspects of cogni-
tive functioning including memory in healthy high-1Q
volunteers, according to objective assessment with
CANTARB tasks. Medications including modafinil may
be of utility in the augmentation of the usual pharma-
cological treatment of mood disorders, in order to help
patients overcome rehabilitation barriers and make a
fuller recovery (Turner et al. 2003, Chamberlain and
Sahakian 2004).

Aftective processing bias

Depression and mania are characterised by diverse
and debilitating symptoms, but fundamentally differ
from each other in terms of affect. Whereas depression
is characterised by the negative view of self, world,
and future (Beck’s negative triad, Beck et al. 1979),
patients with mania show grandiosity, positive often
unrealistic expectations, and socially inappropriate
behaviour. We can think of these two states as being at
opposite ends of a mood spectrum (Chamberlain and
Sahakian 2004). Unlike the dysphoria or euphoria ex-
perienced by us all from time to time, the extreme po-
lar states of depressed and manic mood are more per-
sistent and are severely debilitating. Consistent with
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the mood spectrum conceptualisation, depressed pa-
tients show a bias towards the recall of negative auto-
biographical material, and when they recall positive
material it tends to lack detail (Williams and Scott 1988,
Brittlebank et al. 1993). Depressed patients are also
impaired at recognising happy facial expressions
(Rubinow and Post 1992), whereas manic patients are
impaired at recognising negative facial expressions (in-
cluding sad faces) (Lembke and Ketter 2002). An im-
portant question that arises is whether these apparent
affective processing biases are evident using objective
computerised neurocognitive assessment methods.
On go/no-go tasks, subjects are typically shown a
series of stimuli presented rapidly on a computer screen,
and are asked to make simple motor responses to target
stimuli but to ignore distractor stimuli. Several mea-
sures are recorded (for each stimulus class), including
mean time taken to respond, number of commission
errors (incorrectly making a motor response to a
distractor stimulus), and number of omission errors
(failing to make a motor response to a target stimulus).
Seminal work has utilised ‘hot” versions of the go/no-
go paradigm, using words with positive or negative
affective content, to explore affective processing bi-
ases in depression and mania. Intriguingly, there is evi-
dence that healthy controls show some positive affec-
tive bias by default, they typically respond slightly more
rapidly to happy compared to sad target words (e.g.
Murphy et al. 2002, McLean et al. 2004, Chamberlain
et al. in submission 2005). When responding to emo-
tionally hot compared to neural words, healthy volun-
teers show an enhanced neural response in the
subgenual cingulate cortex (Elliott et al. 2000), a re-
gion known to be involved in emotional processing and
to be functionally abnormal in mood disorders. When
levels of brain serotonin are reduced via tryptophan
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depletion in healthy volunteers, performance on the
affective go/no-go task mimics that seen in depressed
patients (Murphy et al. 2002), consistent with a central
role for serotonin in emotional processing.

It has been possible to examine neural activity in
depressed and manic patients when undertaking
neuroimaging versions of the affective go/no-go task.
Depressed patients respond more rapidly to sad versus
happy words, consistent with bias towards negative
environmental stimuli (Figure 1). They show an el-
evated neural response to sad target words in the ros-
tral anterior cingulate extending to anterior medial pre-
frontal cortex (Elliott et al. 2002), and a differential
neural response in the lateral orbitofrontal cortex to sad
distractor words. These findings add to the corpus of
work emphasising the importance of medial prefrontal
and orbitofrontal cortices in emotional processing and
behavioural inhibition. Manic patients show a latency
bias towards happy words (Murphy et al. 1999) (Fig-
ure 1), enhanced response to emotional compared to
neutral words in left ventrolateral prefrontal cortex,
and enhanced response to happy distractor words in
the ventral and medial prefrontal cortex (Elliott et al.
2004).

Response to negative feedback

In everyday life, patients with depression view
even minor errors in a pessimistic light and ruminate
about their failures, attributing events to internal, spe-
cific, stable factors. For example, after breaking a cup
at home, a patient with depression might think I broke
the cup because I am useless at everything rather than I
broke the cup, but it doesn’t matter and can be replaced.
Negative automatic thoughts contribute to the perva-

Target valencs

Figure 1. Affective Go/no-go task. Mean reaction times to happy and sad target words. Manic patients respond more rapidly
to happy versus sad words (black), depressed patients respond more rapidly to sad versus happy words (white), and controls
show a slight bias towards happy words (grey). Reprinted with permission.

© Cambridge University Press. Murphy et al. 1999
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Figure 2. DMTS and TOL task performance in (left to right) depression, healthy volunteers, Parkinson's disease, neurosurgical
lesions, and schizophrenia (left to right). Clinical groups are similarly impaired on percentage of correct responses (top), but
only depressed patients show an abnormal response to negative feedback (bottom).

Reprinted with permission. © British Medical Journal. Elliott et al. 1997
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Figure 3. Visual discrimination and reversal task. Depressed patients’ performance is impaired by false negative feedback.

Reprinted with permission.
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Figure 4. RVIP task. Percentage of targets detected. Impaired sustained attention during manic episodes is also found during
the euythymic phase of bipolar illness.
Reprinted with permission. © Springer publishing. Clark and Goodwin 2004

Cognitive Domain

Memory

Affective processing

Response to negative
feedback

Decision making
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Tasks

Pattern Recognition Memory

Affective Go / No-Go

Tower of London

Delayed Matching to Sample

Probabilistic reversal learning

Cambridge decision-making

Rapid Visual Information
Processing (RVIP)

Key measures

% Correct, immediate and
delayed recall

Latency bias (happy versus
sad mean reaction times)
Commission errors
Omission errors

% Correct, latency,
probability of incorrect
response given previous
response was incorrect

% Correct, latency,
probability of incorrect
response given previous
response was incorrect

number of errors,
maintenance score,
probability of failing trial
given negative feedback on
previous trial

% points gambled ateach
level, quality of decision-
making

% targets detected, number
of commission errors

Figure 5. Details of CANTAB neuropsychological tasks of use in the assessment of mood disorders
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sive and persistent negative mood in a vicious cycle
(Teasdale et al. 1984). It is important, therefore, to ex-
amine how patients with depression respond when they
are informed they have make a mistake during cogni-
tive assessment (when they are given ‘negative feed-
back’).

On the Delayed Matching to Sample (DMTYS) test,
subjects are shown a complex abstract pattern to memorise,
and then attempt to correctly select this pattern from
amongst others after a delay (www.camcog.com). On the
new Tower of London (TOL) test of planning, devel-
oped from the Tower of Hanoi task, volunteers are asked
to work out the number of moves it would take to move
a set of snooker balls into a target arrangement shown
by the computer. With both of these tasks, if an error is
made then feedback is given and volunteers are asked
to think through the problem again and try to figure out
what the correct answer might be. Performance on these
tasks is dependent on distributed neural networks, with
NTOL perhaps dependent on more frontal circuitry than
DMTS (Baker et al. 1996, Elliott et al. 1997a). De-
pressed patients are similarly impaired on both of these
tasks compared to people with Parkinson’s disease, neu-
rosurgical lesions, and schizophrenia, in terms of per-
centage problems solved correctly at the first attempt
(Elliott et al. 1997b). Importantly however, only de-
pressed patients show an abnormal response to nega-
tive feedback; when informed that they have just failed
a problem (n), they are far more likely to fail the next
problem (n+1) (Figure 2). This abnormal response to
negative feedback in depression has also been con-
firmed on a visual discrimination and rule-reversal
task that gives false negative feedback (i.e. tells vol-
unteers, on a subset of trials, that they were wrong
when in fact they were correct) (Murphy et al. 2003)
(Figure 3). The debilitating effect of negative feed-
back on task performance in depressive patients is
likely to be related to the clinical anhedonia, or loss
of interest in pleasurable activities, demonstrable in
the symptomatology.

Decision-Making

Patients with mania often show excessive in-
volvement in pleasurable activities with a high po-
tential for negative consequences, such as spending
sprees or erratic business decisions, and this is cen-
tral to the diagnostic criteria (DSM-IV 1994). Impaired
decision-making is also found in people with second-
ary mania (the disinhibition syndrome) (Starkstein and
Robinson 1997). Computerised decision-making tasks
have been shown to be dependent on the integrity of
fronto-striatal circuitry (Bechara et al. 1994, Bechara
et al. 1998, Manes et al. 2002, Clark et al. 2003), and
it is logical to question whether the ‘risk seeking’
behaviour observable in manic symptoms are evident
on these tasks.

On the Cambridge decision-making task, subjects
attempt to win as many points as possible by choosing
outcomes based on variably-weighted probabilities, and
gambling a proportion of accumulated points. Medi-
cated manic patients and depressed patients both show
slower decision-making times and accumulate fewer
points than healthy controls (Murphy et al. 2001). How-
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ever, only manic patients make sub-optimal decisions,
and the extent of this impairment correlates with se-
verity of manic symptoms. Using a version of the Cam-
bridge decision-making task modified for
neuroimaging, it has been shown that manic patients
have greater task-related activation than controls in the
left anterior cingulate cortex, and that the extent of this
hyperactivation correlates significantly with severity
of manic symptoms (Rubinsztein et al. 2001).

Sustained Attention

Problems with attention are suggested by the di-
agnostic criteria for depression (diminished ability to
concentrate) and mania (distractability). Deficits in the
ability to sustain attention can be examined
neuropsychologically with continuous performance
tasks (CPTs). In these tasks, volunteers observe rap-
idly presented stimuli on a computer screen, and are
asked to make motor responses to target sequences only.
For example, in the Rapid Visual Information Process-
ing task (RVIP) (www.camcog.com), single digits are
presented in a continuous stream in a box at the centre
of a computer screen, and subjects are asked to make
motor response whenever a target three-digit sequence
appears (e.g. ‘2’ followed by ‘4’ followed by 6’). These
CPTs must be performed for several minutes, with tar-
gets occurring infrequently and unpredictably. CPT
performance is dependent on a predominantly right
fronto-parietal network (Coull et al. 1996).

Patients with depression and mania show impaired
sustained attention on CPTs (Rund et al. 1992, Hart et
al. 1998, Sax et al. 1999). Recovered previously de-
pressed patients show intact performance on the RVIP
task, whereas bipolar patients during the euthymic phase
show persisting deficits (Clark et al. 2002, Clark and
Goodwin 2004, Clark et al. 2005) (Figure 4). For this
reason, Clark et al. have suggested that deficits on the
RVIP sustained attention test may represent a trait
marker for bipolar disorder. The finding of impaired
sustained attention between mood episodes in bipolar
disorder is likely to have implications for the functional
recovery of such patients.

Conclusions

Mood disorders are prevalent, debilitating, and
costly to society. Cognitive dysfunction is central to
our understanding of these conditions in terms of ev-
eryday patient experiences, diagnostic criteria, and psy-
chological models. Neuropsychological assessment
techniques are ideally placed to provide researchers and
clinicians with objective measures of brain dysfunc-
tion, by acting as intermediate markers between low-
level manifestations of brain dysfunction (transmitter
and receptor expression abnormalities; neuroimaging
findings) and top-level symptom expression. In this
article we have focused on memory, affective process-
ing bias, response to negative feedback, decision-mak-
ing, and sustained attention (see figure 5 for task over-
view). Neuropsychological assessment in these domains
has provided us with evidence for state/trait markers
of mood disorders.

Clinical Neuropsychiatry (2005), 2, 3
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Memory deficits are common to mania and de-
pression and may represent a trait marker for bipolar
disorder. State dependent affective processing biases,
implicit from the symptoms of depression and mania,
are evident on affective go/no-go tasks. Also consis-
tent with a ruminative style in depression, depressed
patients show an abnormal response to negative feed-
back on several neurocognitive tasks, including TOL,
DMTS, and reversal learning. During manic episodes,
patients often make irrational decisions in everyday life,
and also show sub-optimal decisions on the Cambridge
decision-making task, the extent of which has been
shown to correlate with symptom severity. Diminished
ability to concentrate in depression and distractibility
in mania suggest problems with attention, and impair-
ments in sustained attention are found in depression,
mania, and in bipolar patients during the euthymic
phase.

By 2020, mood disorders are likely to account for
more disease burden in developed countries than
ischaemic heart disease. The use of neuropsychologi-
cal assessment methods is rapidly growing, and is likely
to facilitate improvements in the detection of disease
onset, monitoring of recovery and relapse, and assess-
ment of treatment efficacy. Further, by using neurop-
sychological assessment to quantify the cognitive ef-
fects of pre-existing and novel pharmacological agents,
we may be able to develop new treatments and im-
proved treatment algorithms for mood disorders.
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