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Summary

Bipolar disorder (BP) and major depressive disorder (MDD) are among the 10 most debilitating
illnesses worldwide. They are chronic, recurring illnesses that have a considerable negative
impact on everyday functioning, including occupational function and quality of life. BP
depression is frequently misdiagnosed and inappropriately treated as the depression
associated with MDD in patients without a clear history of mania. Even for MDD, the majority
of patients presenting in a depressed episode do not receive the most appropriate initial
treatment. Therefore, there are two major challenges for improving the mental health of
depressed patients: improving the ability to distinguish accurately BP depression from

the depression of MDD; and identifying new strategies of optimising treatment choice for
depression as early as possible in the course of illness. To achieve such goals, neurocognitive
and neuroimaging variables are indirect and direct measures, respectively, of abnormal
activity in brain systems that may be related to underlying pathophysiological processes

in MDD and BP depression. In order to meet these major diagnostic and clinical challenges,
these measures may facilitate the identification of endophenotypes - objective markers
closely related to genetic vulnerability and underlying pathophysiology - relevant to the
differential diagnosis and treatment choice for each disorder. In this review, we discuss
recent, promising findings from studies employing neurocognitive and neuroimaging
methodologies that indicate the feasibility of identifying these endophenotypes, in order to
increase diagnostic accuracy, optimise treatment choice, and improve the functional outcome
of patients suffering from depression.

1. Introduction

Bipolar disorder (BP) and major depressive disorder (MDD) are among the ten most debilitating illnesses
worldwide (Murray & Lopez, 1996; Kessler et al., 2003). with a prevalence of at least 1% and 15%,
respectively. Bipolar disorder type | (BPIl) where patients experience episodes of mania and depression, is
associated with a poor clinical and functional outcome, a high suicide rate (Baldessarini et al., 2003). and

a huge societal cost (Wyatt and Henter, 1995). One reason for this poor prognosis of BP is the frequent
misdiagnosis or late diagnosis of the disorder (e.g. Bowden et al.,, 2001, 2005) leading to unnecessary delays
in the initiation of appropriate treatment. Indeed, while depression is the more common presentation in
BPI, and a cause of greater psychosocial disruption than the manic episodes (e.g. Calabrese et al., 2004), BP
depression continues to be frequently misdiagnosed and inappropriately treated as unipolar depression in
individuals without a clear previous history of manic episodes (e.g. Ghaemi et al., 2002; Hirschfeld et al.,
2003; Lish et al., 1994; Manning, 2003). BP depression shows a relatively poor response to antidepressants
alone or even in combination treatment (Fagiolini et al., 2002; Ghaemi et al., 2003; Sachs et al., 2007), which
can additionally elicit manic upswings in patients with a bipolar diathesis.

MDD, or unipolar depression, similarly presents a huge societal cost (Robins and Reiger, 1990).While
diagnosis of depression associated with MDD usually poses less of an immediate diagnostic problem

than diagnosis of BP depression, recent evidence from the Sequenced Treatment Alternatives to Relieve
Depression (STAR*D) trial indicates that the majority of patients with MDD may require more than one
antidepressant for the treatment of a depressed episode, especially those with more complex clinical
presentations (Rush et al., 2006). For MDD depression, therefore, the provision of alternative and sequential
treatment strategies is more urgently required.



2. Current treatment options in MDD and BP depression

Current treatment of depression is dominated by a longstanding pharmacological notion known as the
‘monoamine hypothesis’. This, in its modern version, emphasises decreases in serotonin and noradrenaline
neurotransmission in depressed patients, which can be gradually remediated over a period of several
weeks by drugs that block the reuptake of extracellular serotonin (Selective Serotonin Reuptake Inhibitors
— SSRIs) or noradrenaline (Selective Noradrenaline Reuptake Inhibitors — SNRIs) from the synapse.

Many antidepressants belong to these two classes, and the majority of MDD patients are treated with
more than one drug before achieving an adequate response (e.g. Rush et al., 2006). In addition, these drugs
have poor efficacy in BP depression, where patients are treated primarily with mood stabilisers such as
lithium (e.g. Sachs et al., 2000; Sachs et al., 2007). General and well-accepted limitations of pharmacotherapy
are: i) the presence of undesirable side-effects like nausea, weight gain, dry mouth; ii) lack of response in a
proportion of patients; and iii) the induction of manic upswing rebound effects in BP patients.

Other types of treatments can be effective as alternatives or adjuncts to standard pharmacotherapy.
Psychotherapies like Cognitive Behavioural Therapy and interpersonal psychotherapy have proven efficacy in
the treatment of MDD, and may offer superior prevention of relapse over long-term follow-up compared to
pharmacotherapy (Shea et al., 1992). Data on the effectiveness of psychotherapy in BP depression are more
limited at the current time, but it seems likely that newer psychotherapies, including circadian and social
rhythm therapy (e.g. Frank et al.,2005) may be helpful in reducing disruptive life events (e.g. sleep deprivation,
recreational drug use) and in training patients to detect mood changes and initiate clinical contact prior to full-
blown episodes.

Some alternative biological interventions are also available, which are predominantly examined in so-called
treatment-refractory cases with severe depression that has failed to respond to multiple antidepressant
drugs or psychotherapy. Deep-brain stimulation, where microelectrodes are surgically implanted into
disrupted neural circuitry like the subgenual cingulate gyrus and nucleus accumbens (see below) has shown
promising effects over one to six months in small groups of patients (Mayberg et al., 2005; Schlaepfer et
al., 2007). However, the complex issues associated with placebo control in such severely affected patients
preclude definitive conclusions at the current time, and the nature of the intervention makes it likely that
this procedure will only ever be employed in the most extreme cases. Repetitive Transcranial Magnetic
Stimulation (rTMS) may offer a promising alternative to electroconvulsive shock therapy. In rTMS, cortical
brain regions are stimulated by placing an electromagnetic coil with rapidly alternating current against

the skull. Brief daily sessions (e.g. 20-minute) of rTMS to left dorsolateral prefrontal cortex has reported
efficacy in moderately depressed MDD patients (Loo and Mitchell, 2005).

Together, these findings indicate two major challenges for psychiatrists working with depressed patients:

I. Finding new ways to improve the accuracy of diagnosing BP versus MDD depression as early as possible
in depressed patients, especially those who present without a clear history of mania;

2. Creating ‘rational treatment advances’ (e.g. DePaulo, 2006) for all depressed patients by identifying new
ways of optimising treatment choice as early as possible in the illness course.

Advances in these aims are expected to have a major impact on improving quality of life and activities of
daily living, such as occupational function, in patients with depressive disorders.
3. Towards rational treatments: the search for endophenotypes

An endophenotype is an objective marker that is more closely related to the genetic vulnerability and
underlying pathophysiology of a disorder than the fuzzy’ psychiatric symptomatology of the condition
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(Gottesman and Gould, 2003). Endophenotypes should be selectively associated with the disorder of interest,
but should also be observable in groups at high risk for developing the disorder, like first-degree relatives.

Identifying differential endophenotypic markers for BP depression would aid diagnosis earlier on in illness
history and revolutionise treatment choice in patients presenting with a first episode of depression, as we
would be able to distinguish those cases with an underlying bipolar diathesis, and prescribe mood stabilisers
rather than antidepressants, for example.

MDD is also a highly heterogeneous disorder (Grote and Frank, 2003). By characterising its pathophysiology
in terms of objective endophenotypes, we may be able to construct treatment response groupings (Hasler
et al,, 2004) in order to decide, for example, which patients are more likely to respond to pharmacotherapy
and which to psychotherapy. As such, the identification of treatment-relevant endophenotypes in MDD and

BP depression would guide choice of treatment early in the illness, thus preventing the many years of
dysfunction that rob young patients of critical development.

The recent research agenda for developing the fifth edition of the Diagnostic and Statistical Manual for
psychiatric diagnosis (DSM-V) emphasises a need to translate research findings from basic and clinical
neuroscience into a new psychiatric classification system based on pathophysiological and aetiological
processes (Kupfer et al., 2002; Hasler et al., 2004 and 2006; Phillips and Frank, 2006). These processes
involve complex relationships between genetic variables, abnormalities in brain systems and psychological
mechanisms that give rise to symptom expression (e.g. Kraemer et al., 2002).

Brain imaging techniques, such as Magnetic Resonance Imaging (MRI) and Positron Emission Tomography
(PET) can be used to quantify the neural system abnormalities associated with BP and MDD depression.
Neurocognitive testing with standardised, computerised assessment procedures can also provide indirect
measures of abnormal activity in brain systems, based on extensive validatory research from lesion studies
in humans, as well as translational data from rodents and non-human primates (Chamberlain and Sahakian,
2006; Clark and Sahakian 2006). Although the link to underlying brain function is indirect, neurocognitive
testing has the significant advantage of being easily and inexpensively administered in an outpatient or
inpatient setting. The processes tapped by neurocognitive tests such as attention and executive function
may also provide insights into the ways that the underlying pathophysiology interacts with psychological
mechanisms of symptom formation. Neurocognitive and neuroimaging variables may, therefore, enable

us to quantify the pathophysiological processes,and may be employed as a first stage toward identifying
endophenotypes associated with depression in MDD and BP.

In this critical review, we firstly examine the evidence for disorder-specific abnormalities in neural systems
linked with core domains of pathology in MDD and in BP depression, drawing on both neurocognitive and
neuroimaging studies. These findings are a first stage in the search for endophenotypes to aid the diagnosis
of MDD and BP depression.We subsequently review findings from studies using these techniques that have
the potential to help identify treatment-relevant endophenotypes of each disorder and thereby guide the
choice of treatment early in illness for all people suffering from depression.

4. Core domains of pathology in emotional processing and executive control

MDD and BP are increasingly recognised as multisystem disorders involving disturbances across

several symptom domains (e.g. Grote and Frank, 2003; Phillips and Frank, 2006). Mood instability is

a core domain of pathology in these disorders, which appears to arise from the disruption of brain
mechanisms involved in normal emotional processing. This domain is associated with mood variability

in depression (e.g. diurnal variation) as well as other aspects of affective lability including irritability or
anxiety. In BP, the mood instability domain also gives rise to hypomanic, manic and mixed affective states.
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A second core domain of pathology common to the depression of both disorders is impaired executive
control. Executive control refers to a collection of higher-level psychological processes that enable

the flexible organisation of complex behaviour, including planning, working memory, inhibitory control,
strategy development, and cognitive flexibility (Stuss and Levine, 2002). Deficits in executive control in
depression give rise to symptoms including the inability to concentrate and difficulty in decision-making.
They may also impact upon other cognitive domains including memory (Deckersbach et al., 2004).
Executive dysfunction is likely to impact upon patients’ ability to successfully carry out activities of daily
living, including work-related activities, and impacts more broadly upon quality of life. Executive deficits
are also likely to further impair the ability to control or regulate mood (e.g. Phillips et al., 2003).Thus
the depression of MDD and BP are characterised by abnormalities in mood stability, associated with
normal emotion processing, and in executive control, associated with normal emotional regulation.

Existing data from functional neuroimaging studies in healthy individuals point toward distinguishable
neural systems for emotional processing and executive control. Normal emotion processing, as
measured by tasks assessing the recognition of emotional facial expressions, for example, has been
mapped to a neural system centered on subcortical limbic regions including the amygdala, the ventral

striatum, the subgenual cingulate gyrus, and the ventromedial prefrontal cortex (e.g. Knutson and
Cooper, 2005; Price, 2003; Phillips et al., 2003).

Executive control, in contrast, has been mapped to a lateral prefrontal cortical system, comprising the
dorsolateral and ventrolateral prefrontal cortices (DLPFC and VLPFC) (Robbins, 1998).These act in
concert with striatal mechanisms involved in response selection, and the hippocampus, important for
memory encoding and retrieval (Zola-Morgan et al., 1991).

5. Neurocognitive function
5.1 MDD Depression

® Mood instability: Emotional processing in MDD is classically biased towards stimuli that are
congruent with the low mood state. For example, patients are faster to respond to negative
stimuli than to positive stimuli (Murphy et al., 1999), are over-sensitive to negative feedback
(e.g. Elliott et al., 1996), and are more likely to recall negative autobiographical memories
(Brittlebank et al., 1993). Attentional tasks like the dot-probe paradigm reveal biased processing
towards negative information, which appears to occur as a controlled bias at reasonably long
presentation times (contrasting with the automatic capturing of attention seen in anxiety
disorders) (Mogg et al., 1995).

¢ Impaired executive control: MDD patients also display impaired performance on measures

of executive control and memory function that employ non-emotional stimuli. Executive deficits
on tests of planning (e.g. Tower of London) and cognitive flexibility (e.g.Wisconsin Card Sort
Test) have been widely reported (Elliott et al., 1996; Merriam et al., 1999), and have been shown
in unmedicated patients (Taylor-Tavares et al.,2007). The degree of executive impairment may
be heterogeneous and related to overall symptom severity (Porter et al.,2003) or to specific
symptom dimensions like apathy (Feil et al., 2003), melancholia (Austin et al., 1999) or psychosis
(Schatzberg et al., 2000). Suicidal behaviour has also been associated with some specific

neurocognitive changes including impaired decision-making (Jollant et al., 2005) and impulsivity
(Horesh et al., 1999).

Performance on executive tasks improves significantly on symptom remission in MDD, although
residual deficits may remain to some degree, particularly in older patients (Abas et al., 990).
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Memory impairments on basic list-learning tasks like the California Verbal Learning Test have
been robustly demonstrated in depression (Burt et al., 2000). Memory deficits increase with
illness chronicity (e.g. comparing multiple episode and first episode patients) and correlate with
the total length of time spent in a depressed state (Kessing, 1998).This deficit is likely to be
related to the progressive deterioration of the hippocampus, linked to the neurotoxic effects of
hypercortisolemia in depression (MacQueen et al., 2003).

5.2 BP Depression

® Mood instability: The volume of research investigating neurocognitive function is much
smaller in BP depression compared with MDD. Abnormal attentional biases have been
reported to negatively-valenced stimuli in depression of BP, but they may additionally be
present to positively-valenced stimuli (Lyon et al., 1999) in support of subcortical limbic
dysfunction in the disorder.

® Impaired executive control: Impaired sustained attention on continuous performance tests
has been reliably demonstrated in remitted patients with BP (e.g., Clark and Goodwin, 2004;
Clark et al., 2002, 2005; Liu et al., 2002; Wilder-Willis et al.,2001; Zubieta et al., 2001) and it is
likely that this deficit is exacerbated during depressed states (van den Bosch et al., 1996).

Other aspects of executive control are certainly impaired in BP depression (Basso et al., 2002;
Borkowska and Rybakowski, 2001; Rubinsztein et al., 2006) and the magnitude of impairment is
significantly greater than in MDD patients matched for length of illness and medication status
(Borkowska and Rybakowski, 200 |;Wolfe et al., 1987). Many of these deficits persist outside the
illness episodes into periods of ‘euthymia’ defined by stringent symptom cut-offs (Ferrier et al.,
1999; Frangou et al., 2006; Martinez-Aran et al., 2004a; Rubinsztein et al., 2000; Smith et al., 2006;
Watson et al., 2006). These findings support dysfunctional DLPFC and VLPFC in BP depression.

Memory is also disrupted in BP depression (Sweeney et al., 2000. potentially more than in MDD
depression (Burt et al., 2000;Wolfe et al., 1987).This may be state-specific (Clark et al., 2002;
Ferrier et al., 1999) although other studies have detected persisting memory impairments in
remission (Rubinsztein et al., 2000; Smith et al.,2006). As with MDD, memory dysfunction in BP
increases with illness duration and the number of episodes (Bearden et al., 2006; Cavanagh et al.,

2002; Robinson and Ferrier, 2006) and is also associated with functional outcome (Martinez-
Aran et al.,, 2004b).

6. Neuroimaging measures
6.1 MDD Depression

There is a relatively large body of functional neuroimaging research in depressed patients with MDD. When
patients have been scanned during the resting state, metabolism and blood flow are reliably reduced in
regions of the dorsal prefrontal cortex and anterior cingulate gyrus, and these reductions are correlated
with the severity of the depressed mood across patients (e.g. Baxter et al., 1989; Kimbrell et al.,2002).The
resting state is, however, a psychologically unconstrained condition in which depressed patients may be
engaged in a wide variety of tasks, such as rumination.

® Mood instability: As functional imaging analysis techniques have become more sophisticated,
research has measured neural activity during the performance of emotion processing tasks,
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such as the presentation of negative emotional faces. In MDD depression, abnormally increased
amygdala activity is seen repeatedly in response to negative emotional faces (Fu et al., 2004;
Neumeister et al., 2006; Sheline et al., 2001; Surguladze et al., 2005) and to negative emotional
words (Siegle et al., 2002; 2006). Decreased ventromedial prefrontal activity during sad mood
induction has been reported in both depressed and remitted patients with MDD (Liotti et al.,
2002). By contrast, findings indicate decreased activity in subcortical limbic regions to positive
emotional (happy) stimuli in these individuals (e.g. Epstein et al., 2006; Surguladze et al., 2005).

¢ Impaired executive control: Decreased DLPFC activity relative to healthy individuals
has been reported in depressed patients with MDD during working memory trials following
negative stimuli (Siegle et al., 2002) and during working memory and attention per se (e.g. Elliott
et al., 1997; Goethals et al,, 2005; Okada et al,, 2003). In a probabalistic reversal learning task
that required subjects to ignore misleading negative feedback, MDD depressed patients showed
reduced activation of VLPFC during reversal, and failed to suppress amygdala activity during
receipt of negative feedback, consistent with deficient top-down control of limbic circuitry by
the prefrontal cortex (Taylor-Tavares et al., 2008). Fewer studies have shown increased DLPFC
activity during working memory in these patients (e.g. Harvey et al., 2005).

6.2 BP Depression

® Mood instability: Findings from functional neuroimaging studies comparing patients with BP
and healthy individuals indicate abnormally increased subcortical limbic activity to emotional
stimuli such as facial expressions (Blumberg et al., 2005; Lawrence et al., 2004; Yurgelun-Todd
et al,, 2000) and to negative scenes (Malhi et al., 2004).

Decreased blood flow has been reported in medial prefrontal cortex during sad mood
induction relative to baseline in remitted and depressed patients with type | BP (Kruger et al.,
2003) but this study did not include a comparison group of healthy individuals. One study
reported relative increases in subcortical limbic activity to happy faces in depressed compared
with manic patients with BP (type |) and healthy individuals (Chen et al., 2006) in contrast

to data showing decreased activity in subcortical limbic regions to happy stimuli in MDD
depression (e.g. Epstein et al., 2006; Surguladze et al., 2005).

This distinction between BP and MDD depression is supported by a study directly comparing
the two groups (Lawrence et al., 2004) discussed in the next section. Increased subcortical
limbic activity (predominantly in the amygdala) has also been demonstrated in depressed and
remitted BP patients (approximately 50% type |) studied at rest (Bauer et al., 2005; Drevets
et al,, 2002).

® Impaired executive control: Findings indicate decreased DLPFC/VLPFC activity during
an attention task in depressed and remitted patients with BP (type |) compared with healthy
individuals (e.g. Blumberg et al., 2003; Ketter et al., 2001; Kronhaus et al., 2006).

In summary, the depressed state of BP is associated with increased activity in subcortical
limbic regions associated with mood stability, and decreased activity in DLPFC/VLPFC and
hippocampus associated with executive control and memory.



1. Comparison of neurocognitive and functional neuroimaging studies: towards diagnostic
biomarkers?

Findings from neurocognitive studies indicate disrupted emotional processing and impaired executive
control in depressed MDD and depressed BP patients.While there appears to be abnormal processing
of negatively-valenced emotional information in both groups of patients, there are suggestions that BP
depressed patients may also demonstrate abnormal processing of positively-valenced information. Both
groups of patients show impaired executive control and memory; this impairment may be more severe in
depressed BP relative to depressed MDD patients.

While findings from functional neuroimaging studies regarding neural activity during rest are somewhat
discrepant in depressed patients with MDD, studies employing emotional challenge paradigms suggest that
these patients show increased amygdala and subcortical limbic activity to emotional stimuli relative to
healthy individuals. Unlike remitted and depressed patients with BP, however, in depressed MDD patients
this abnormal pattern of neural activity is predominantly to negative rather than positive emotional stimuli.
Furthermore, these abnormalities appear to be depression-dependent in MDD rather than abnormalities
common throughout depression and remission (e.g. Fu et al., 2004, Sheline et al., 2001).

One study directly comparing neural activity to emotional stimuli in BP and depressed MDD patients

found increases in amygdala and subcortical limbic activity predominantly to mild happy, but also to fearful,
facial expressions, versus neutral facial expressions in remitted, but subsyndromally depressed, BP (type |)
patients relative to depressed MDD patients (Lawrence et al., 2004).To date, studies indicate, predominantly,
a pattern of decreased DLPFC activity during cognitive challenge paradigms in both MDD and BP depressed
patients. However, there is clearly a need for studies that focus on comparing neural activity in depressed
MDD and depressed BP patients during emotional and cognitive challenge paradigms.

8. Identifying treatment-relevant endophentypes

The increasing number of neurocognitive and neuroimaging studies in both MDD and BP depression
suggest that we are now in a position to embrace the technological advances in neurocognitive study design
and neuroimaging techniques to allow us to identify treatment-relevant endophenotypes. This will be crucial

if we are to optimise the treatment and improve the clinical and functional outcome of people suffering
with these disorders (Phillips, 2007).

Recent research has begun to use functional imaging to investigate markers associated with treatment
response. In MDD depression, several studies have reported that pre-treatment metabolism in a reasonably
focal area of the medial prefrontal cortex is associated with subsequent response to antidepressant
medication. However, the direction of effect has been inconsistent, with some studies reporting increased
metabolism associated with good response (e.g. Mayberg et al., 1997; Saxena et al.,2003) and other studies
reporting decreased metabolism associated with good response (Little et al., 2005).

Findings also indicate post-treatment increases in activity in prefrontal cortical activity, and decreases

in activity in subcortical limbic regions in MDD responders (e.g. Fu et al., 2004; Kennedy et al.,, 2001;
Mayberg et al., 2000; Sheline et al., 2001). A pre-treatment pattern of neural activity linked with emotion
dysregulation — a more sustained amygdala and decreased ventromedial prefrontal cortical activity to
negative emotive stimuli — was associated with the response to Cognitive Behavioural Therapy in MDD
depression (Siegle et al., 2006). Increased amygdala activity at pre-treatment baseline was also associated
with a greater response to antidepressant treatment (Canli et al., 2005). Functional abnormalities in neural
systems underlying mood stability in unipolar depression may therefore predict response to, and ameliorate
with, antidepressants and CBT.



Following symptom remission in MDD, there is generally an amelioration of this abnormal neural activity.
The increased amygdala response to negative emotional faces significantly reduces in remission after
antidepressant medication (Fu et al., 2004; Sheline et al., 2001) although limbic (insular) and prefrontal
cortical (anterior cingulate gyral) regions also show increased activity to negative versus neutral scenes as
MDD symptoms remit (Davidson et al., 2003).These findings are broadly supported by a number of resting
state studies (e.g. Anand et al., 2005; Baxter et al., 1989; Mayberg et al., 2000, 2005; Brody et al.,2001;
Martin et al., 2001; Goldapple et al., 2004; Kennedy et al., 2001; Goodwin et al., 1993; Holthoff et al., 2004;
Tutus et al., 1998; Vlassenko et al., 2004).

There is considerably less research examining treatment response in relation to neurocognitive function,
although neurocognitive testing is arguably more amenable than brain imaging for use in primary or
secondary care settings. Preliminary data in geriatric depression show that impaired executive control

on measures of attentional conflict were associated with the response to antidepressant treatment over
eight weeks (Kalayam and Alexopoulos, 1999; Murphy and Alexopoulos, 2006). A similar protocol whereby
event-related potentials were measured during an emotional ‘Go/No-go’ task found differences in evoked,
error-related negativity between eventual responders and non-responders (Alexopoulos et al., 2007). These
studies are broadly consistent with the functional imaging evidence that medial prefrontal and anterior
cingulate gyral integrity is associated with treatment response.

In BP, there is emerging evidence from cross-sectional studies that neurocognitive abnormalities adversely
affect functional outcomes (e.g. Martinez-Aran et al., 2004b). A recent study reported that two classic
neurocognitive measures of executive control (the Stroop interference score and FAS verbal fluency)
predicted time-to-clinical-recovery in a group of bipolar patients experiencing their first hospitalisation
(Gruber et al.,2007).These patients received naturalistic treatment, and clinical state at hospitalisation
(presumably a mixture of manic and depressed cases) was not reported. Two functional imaging studies have
examined treatment-related changes in neural responses in BP depression.The first reported decreased
subcortical limbic activity (in ventral striatum, amygdala, hippocampaus and insula) during the resting state,
after response to a novel treatment, levothyroxine, in depressed BP (type |) patients (Bauer et al., 2005).
The second indicated an amelioration of abnormal DLPFC activity to emotional stimuli in depressed BP
patients who responded to sleep deprivation and light therapy (Benedetti et al., 2007). Further research

is clearly required to examine neurocognitive and neuroimaging predictors of response to standard
pharmacological or psychological treatments in BP depression.

9. Conclusions and future research

Together, the findings from neurocognitive and neuroimaging studies indicate that MDD and BP depression
can be distinguished, at least in part, by indirect and direct measures of brain activity in neural systems that
are important for mood stability and executive control.

These abnormalities may underlie, respectively, the mood instability and impaired cognitive control of
emotion observed clinically in both disorders. Increased subcortical limbic activity to happy stimuli may, in
particular, be an important pathophysiologic process distinguishing the depression associated with BP from
that associated with MDD.

While in their infancy, studies employing these techniques to identify neural system abnormalities that may
represent treatment-relevant endophenotypes are promising in MDD, and suggest that identification of
neurocognitive and neuroimaging variables that may predict treatment response in BP depression is feasible.

It is clear that, in the future, studies employing these newly-developed neurocognitive paradigms with
functional neuroimaging techniques may be able to draw us closer to meeting the critical challenges of
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early and accurate diagnosis and early optimisation of treatment of both MDD and BP depression.This
should also prevent relapse and facilitate return to work as well as restoring quality of life in patients with
depressive disorders. The final challenge will be to identify endophenotypic markers in order to identify at
risk individuals prior to clinical onset.

References

Abas, M.A,, Sahakian, B.J., Levy, R. 1990. Neuropsychological deficits and CT scan changes in elderly
depressives. Psychol Med, 20:507-20.

Alexopoulos, G.S., Murphy, C.F, Gunning-Dixon, FM., Kalayam, B., Katz, R., Kanellopoulos, D., Etwaroo, G.R,,
Klimstra, S. and Foxe, J.J. 2007. Event-related potentials in an emotional go/no-go task and remission of
geriatric depression. Neuroreport, 18:217-21.

Anand, A, Li,Y,Wang,Y,Wu, J., Gao, S., Bukhari, L., Mathews,V.P, Kalnin, A.and Lowe, M.J.
2005. Antidepressant effect on connectivity of the mood-regulating circuit: an FMRI study.
Neuropsychopharmacology, 30:1334-1344.

Austin, M.P, Mitchell, P, Wilhelm, K., Parker, G., Hickie, |., Brodaty, H., Chan, |., Eyers, K., Milic, M. and
Hadzi-Pavlovic, D. 1999. Cognitive function in depression: a distinct pattern of frontal impairment in
melancholia? Psychol Med, 29:73-85.

Baldessarini, R.J. and Tondo, L. 2003. Suicide risk and treatments for patients with bipolar disorder. JAMA,
290:1517-1519.

Basso, M.R., Lowery, N., Neel, ], Purdie, R. and Bornstein, R.A.2002. Neuropsychological impairment amount
manic, depressed, and mixed-episode inpatients with bipolar disorder. Neuropsychology, 16:84-91.

Bauer, M., London, E.D,, Rasgon, N., Berman, S.M., Frye, M.A,, Altshuler, L.L., Mandelkern, M.A., Bramen, .,
Voytek, B.,Woods, R., Mazziotta, |.C. and Whybrow, P.C. 2005. Supraphysiological doses of levothyroxine
alter regional cerebral metabolism and improve mood in bipolar depression. Mol Psychiatry, 10:45-469.

Baxter, L.R.Jr; Schwartz, ].M., Phelps, M.E., Mazziotta, J.C., Guze, B.H., Selin, C.E., Gerner, R.H. and
Sumida, R.M. 1989. Reduction of prefrontal cortex glucose metabolism common to three types of
depression. Arch Gen Psychiatry, 46:243-250.

Bearden, C.E., Glahn, D.C., Monkul, E.S., Barrett, J., Najt, P,Villarreal, V.and Soares, J.C. 2006. Patterns of
memory impairment in bipolar disorder and unipolar major depression. Psychiatry Research, 14:139-50.

Benedetti, F,, Bernasconi, A,, Blasi,V., Cadioli, M., Colombo, C,, Falini, A., Lorenzi, C., Radaelli, D, Scotti, G.
and Smeraldi, E. 2007. Neural and Genetic Correlates of Antidepressant Response to Sleep Deprivation:

A Functional Magnetic Resonance Imaging Study of Moral Valence Decision in Bipolar Depression. Arch Gen
Psych, 64:179-197.

Blumberg, H.P, Leung, H.C., Skudlarski, P, Lacadie, C.M., Fredericks, C.A., Harris, B.C., Charney, D.S.,
Gore, ).C,, Krystal, J.H. and Peterson, B.S. 2003. A functional magnetic resonance imaging study of bipolar
disorder: State- and trait-related dysfunction in ventral prefrontal cortices. Arch Gen Psychiatry, 60:601-609.



Blumberg, H.P, Donegan, N.H., Sanislow, C.A,, Collins, S., Lacadie, C., Skudlarski, P, Gueorguieva, R.,
Fulbright, R.K., McGlashan, T.H., Gore, J.C. and Krystal, J.H. 2005. Preliminary evidence for medication effects

on functional abnormalities in the amygdala and anterior cingulate in bipolar disorder. Psychopharmacology,
183:308-313.

Borkowska, A.and Rybakowski, J.K.2001. Neuropsychological frontal lobe tests indicate that bipolar
depressed patients are more impaired than unipolar. Bipolar Disord, 3:88-94.

Bowden, C.L. 2001. Strategies to reduce misdiagnosis of bipolar depression. Psychiatric Services, 52:51-5.

Bowden, C.L. 2005. A different depression: clinical distinctions between bipolar and unipolar depression.
Journal of Affective Disorders, 84:117-25.

Brittlebank, A.D., Scott, J., Williams, J.M. and Ferrier, [.LN. 1993. Autobiographical memory in depression:
state or trait marker. Br | Psychiatry, 162:118-21.

Brody, A.L., Saxena, S., Stoessel, P, Gillies, L.A., Fairbanks, L.A., Alborzian, S., Phelps, M.E., Huang, S.C,,
Wu, H.M,, Ho, M.L,, Ho, M.K,, Au, A.C., Maidment, K. and Baxter, L.R. 2001. Regional brain metabolic
chances in patients with major depression treated with either paroxetine or interpersonal therapy:
preliminary findings. Arch Gen Psychiatry, 58:631-640.

Burt, T, Prudic, J., Peyser, S., Clark, J. and Sackeim, H.A. 2000. Learning and memory in bipolar and unipolar
major depression: effects of aging. Neuropsychiatry, Neuropsychology and Behavioral Neurology, 13:246-53.

Calabrese, J.R., Hirschfeld, R.M., Frye, M.A. and Reed, M.L. 2004. Impact of depressive symptoms compared
with manic symptoms in bipolar disorder: results of a U.S. community-based sample.J Clin Psychiatry,
65:1499-1504.

Canli, T, Cooney, R.E., Goldin, P, Shah, M., Sivers, H., Thomason, M.E., Whitfield-Gabrieli, S., Gabrieli, ].D.
and Gotlib, .H.2005. Amygdala reactivity to emotional faces predicts improvement in major depression.
Neuroreport, 16:1267-1270.

Cavanagh, ). T., van Beck, M., Muir,W. and Blackwood, D.H. 2002. Case-control study of neurocognitive
function in euthymic patients with bipolar disorder:An association with mania. Br | Psychiatry, 180:320-326.

Chamberlain, S.R. and Sahakian, B.J. 2006. The neuropsychology of mood disorders. Current Psychiatry
Reports, 8:458-463.

Chen, C.H., Lennox, B., Jacob, R., Calder, A., Lupson,V,, Bisbrown-Chippendale, R., Suckling, J. and
Bullmore, E. 2006. Explicit and implicit facial affect recognition in manic and depressed states of bipolar
disorder: A functional magnetic resonance imaging study. Biol Psychiatry, 59:31-39.

Clark, L., Iversen, S.D. and Goodwin, G.M. 2002. Sustained attention deficit in bipolar disorder. Br | Psychiatry,
180:313-319.

Clark, L. and Goodwin, G.M. 2004. State- and trait-related deficits in sustained attention in bipolar disorder.
Eur Arch Psychiatry Clin Neurosci, 254:61-68.

Clark, L., Kempton, M., Scarna, A., Grasby, PM.and Goodwin, G.M. 2005. Sustained attention-deficit
confirmed in euthymic bipolar disorder but not in first-degree relatives of bipolar patients or euthymic
unipolar depression. Biol Psychiatry, 57:183-187.



Clark, L. and Sahakian, B.J. 2006. Jones, S. and Bentall, R.P. (Eds.) The Psychology of Bipolar Disorder:
Neuropsychological and biological approaches to understanding bipolar disorder). Oxford: Oxford University
Press, pp.139-178.

Davidson, RJ., Irwin,W., Anderle, M.J. and Kalin, N.H. 2003.The neural substrates of affective processing in
depressed patients treated with venlafaxine. American Journal of Psychiatry, | 60:64-75.

Deckersbach, T, Savage, C.R., Reilly-Harrington, N., Clark, L., Sachs, G. and Rauch, S.L. 2004. Episodic memory
impairment in bipolar disorder and obsessive-compulsive disorder: the role of memory strategies. Bipolar
Disorders, 6:233-44.

DePaulo, J.R. 2006. Bipolar disorder treatment: An evidence-based reality check. Editorial. Am | Psychiatry,
163:175-176.

Drevets,W.C,, Price, J.L., Bardgett, M.E., Reich, T, Todd, R.D. and Raichle, M.E. 2002. Glucose metabolism in
the amygdala in depression: relationship to diagnostic subtype and plasma cortisol levels. Pharmacol Biochem
Behav, 71:431-447.

Elliott, R., Sahakian, B.J., McKay, A.P, Herrod, J.J., Robbins, T.W. and Paykel, E.S. 1996. Neuropsychological
impairments in unipolar depression: the influence of perceived failure on subsequent performance.
Psychological Medicine, 26:975-89.

Elliott, R., Baker, S. C., Rogers, R. D., O’Leary, D.A,, Paykel, E.S. and Frith, C. D. et al. 1997. Prefrontal
dysfunction in depressed patients performing a complex planning task: a study using positron emission
tomography. Psychol Med, 27:931-942.

Epstein, J., Pan, H., Kocsis, J.H.,Yang, Y., Butler, T., Chusid, J., Hochberg, H., Murrough, J., Strohmayer, E., Stern, E.
and Silbersweig, D.A. 2006. Lack of ventral striatal response to positive stimuli in depressed versus normal
subjects. American Journal of Psychiatry, 163:1784-1790.

Fagiolini, A., Frank, E., Cherry, C.R., Houck, PR., Novick, D.M., Buysse, D.J. and Kupfer, D.J. 2002. Clinical
indicators for the use of antidepressants in the treatment of bipolar | depression. Bipolar Disorders, 4:277-82.

Feil, D., Razani, J., Boone, K. and Lesser, |. 2003. Apathy and cognitive performance in older adults with
depression. Int | Geriatr Psychiatry, 18:479-85.

Ferrier, .N., Stanton, B.R., Kelly, T.P. and Scott, ]. 1999. Neuropsychological function in euthymic patients with
bipolar disorder. Br | Psychiatry, 175:246-251.

Frangou, S., Dakhil, N., Landau, S. and Kumari, V.2006. Fronto-temporal function may distinguish bipolar
disorder from schizophrenia. Bipolar Disorder, 8:47-55.

Frank, E., Kupfer, D)., Thase, M.E., Mallinger, A.G., Swartz, H., Fagiolini, A.M., Grochocinski,V., Houck, P,
Scott, J., Thompson,W. and Monk,T. 2005. Two-year outcomes for interpersonal and social rhythm therapy in
individuals with bipolar | disorder. Arch Gen Psychiatry, 62:996-1004.

Fu, C.H.,Williams, S.C,, Cleare, AJ., Brammer, M.J.,, Walsh, N.D., Kim, J., Andrew, C.M., Pich, E.M.,Williams,
PM., Reed, L.J., Mitterschiffthaler, M.T., Suckling, J. and Bullmore, E.T. 2004. Attenuation of the neural
response to sad faces in major depression by antidepressant treatment: a prospective, event-related
functional magnetic resonance imaging study. Arch Gen Psychiatry, 61:877-889.

12



Ghaemi, S.N., Ko, J.Y. and Goodwin, FK.2002.“Cade’s disease” and beyond: misdiagnosis, antidepressant use,
and a proposed definition for bipolar spectrum disorder. Canadian Journal of Psychiatry - Revue Canadienne de
Psychiatri, 47:125-34.

Ghaemi, S.N., Hsu, D.J., Soldani, F. and Goodwin, FK.2003. Antidepressants in bipolar disorder: the case for
caution. Bipolar Disorders, 5:421-33.

Goethals, I., Audenaert, K., Jacobs, F, Van de,W. C., Ham, H. and Pyck, H. et al. 2005. Blunted prefrontal
perfusion in depressed patients performing the Tower of London task. Psychiatry Res, 139:31-40.

Goodwin, G.M,, Austin, M.P, Dougall, N., Ross, M., Murray, C., O’Carroll, R.E., Moffoot, A., Prentice, N.and
Ebmeier, K.P. 1993. State changes in brain activity shown by the uptake of 99mTc-exametazime with single

photon emission tomography in major depression before and after treatment. Journal of Affective Disorders,
29:243-53.

Goldapple, K., Segal, Z., Garson, C., Lau, M., Bieling, P, Kennedy, S. and Mayberg, H. 2004. Modulation of
cortical-limbic pathways in major depression: treatment-specific effects of cognitive behavior therapy.
Archives of General Psychiatry, 6:34-41.

Gottesman, I.I. and Gould, T.D. 2003.The endophenotype concept in psychiatry: etymology and strategic
intentions. American Journal of Psychiatry, 160:636-45.

Grote, N.K. and Frank, E. 2003. Difficult-to-treat depression: the role of contexts and comorbidities.
Biological Psychiatry, 53:660-70.

Gruber, S.A., Rosso |.M. and Yurgelun-Todd, D. 2008. Neuropsychological performance predicts clinical
recovery in bipolar patients. Journal of Affective Disorders, 105:253-60.

Harvey, PO., Fossati, P, Pochon, J.B., Levy, R., Lebastard, G., Lehericy, S., Allilaire, J.F. and Dubois, B. 2005.
Cognitive control and brain resources in major depression: an fMRI study using the n-back task: Neuroimage,
26:860-869.

Hasler, G., Drevets, W.C., Maniji, H.K. and Charney, D.S. 2004. Discovering endophenotypes for major
depression. Neuropsychopharmacology, 29:1765-81.

Hasler, G., Drevets,W.C,, Gould, T.D., Gottesman, .l. and Manji, H.K. 2006. Toward constructing an
endophenotype strategy for bipolar disorders. Biol Psychiatry, 60:93-105.

Hirschfeld, R.M., Lewis, L. and Vornik, L.A. 2003. Perceptions and impact of bipolar disorder: How far have
we really come? Results of the National Depressive and Manic-depressive Association 2000 survey of
individuals with bipolar disorder. Clin Psychiatry, 64:161-174.

Hirschfeld, R.M.,Weisler, R.H., Raines, S.R. and Macfadden,W. 2006. Quetiapine in the treatment of anxiety
in patients with bipolar | or Il depression: a secondary analysis from a randomized, double-blind, placebo-
controlled study. Journal of Clinical Psychiatry, 67:55-62.

Holthoff,V.A., Beuthien-Baumann, B., Zundorf, G., Triemer, A., Ludecke, S., Winiecki, P, Koch, R., Fuchtner, F.

and Herholz, K. 2004. Changes in brain metabolism associated with remission in unipolar major depression.
Acta Psychiatrica Scandinavica, 10:184-94.



Horesh, N., Gothelf, D., Ofek, H.,VWeizman, T. and Apter, A. 1999. Impulsivity as a correlate of suicidal
behavior in adolescent psychiatric inpatients. Crisis, 20:8-14.

Jollant, F, Bellivier, F, Leboyer, M., Astruc, B., Torres, S.,Verdier, R., Castelnau, D., Malafosse, A.and Courtet, P.
2005. Impaired decision making in suicide attempters. Am | Psychiatry, 162:304-10.

Kalayam, B. and Alexopoulos, G.S. 1999. Prefrontal dysfunction and treatment response in geriatric
depression. Arch Gen Psychiatry, 56:713-8.

Kennedy, S.H., Evans, K.R., Kruger, S., Mayberg, H.S., Meyer, J.H., McCann, S., Arifuzzman, A.l, Houle, S.
and Vaccarino, FJ. 2001. Changes in regional brain glucose metabolism measured with positron emission
tomography after paroxetine treatment of major depression. Am | Psychiatry, 158:899-905.

Kessing, L.V. 1998. Cognitive impairment in the euthymic phase of affective disorder. Psychol Med, 28:1027-38.

Kessler, R.C., Berglund, P, Demler, O, Jin, R., Koretz, D., Merikangas, K.R., Rush, A.J.,Walters, E.E. and
Wang, P.S. 2003. National Comorbidity Survey Replication.The epidemiology of major depressive disorder:
results from the National Comorbidity Survey Replication. JAMA, 23:3095-105.

Ketter; T.A., Kimbrell, TA., George, M.S., Dunn, R.T., Speer, A.M., Benson, B.E.,Willis, M.W,, Danielson, A,
Frye, M.A., Herscovitch, P. and Post, R.M.2001. Effects of mood and subtype on cerebral glucose metabolism
in treatment-resistant bipolar disorder. Biol Psychiatry, 49:97-109.

Kimbrell, TA., Ketter; TA., George, M.S,, Little, |.T., Benson, B.E.,Willis, M.W., Herscovitch, P.and Post, R.M.
2002. Regional cerebral glucose utilization in patients with a range of severities of unipolar depression.
Biological Psychiatry, 51:237-52.

Knutson, B. and Cooper, J.C. 2005. Funcitonal magnetic resonance imaging of reward prediction. Current
Opinion in Neurology, 18:411-417.

Kraemer, H.C,, Schultz, S.K. and Arndt, S. 2002. Biomarkers in psychiatry: methodological issues. American
Journal of Geriatric Psychiatry, 10:653-9.

Kronhaus, D.M., Lawrence, N.S.,Williams, A.M., Frangou, S., Brammer, M.J.,Williams, S.C.R., Andrew, C.M.
and Phillips, M.L. 2006. Stroop performance in bipolar disorder: Further evidence for abnormalities in the
ventral prefrontal cortex. Bipolar Disorder, 8:28-39.

Kruger, S., Seminowicz, D., Goldapple, K., Kennedy, S.H. and Mayberg, H.S. 2003. State and trait influences on
mood regulation in bipolar disorder: Blood flow differences with an acute mood challenge. Biol Psychiatry,
54:1274-1283.

Kupfer, D.J., First, M.B. and Regier, D.A. (Eds.) 2002. A research agenda for DSM-V. Washington DC:American
Psychiatric Association,.

Lawrence, N.S.,Williams, A.M., Surguladze, S., Giampietro,V., Brammer, M.J., Andrew, C., Frangou, S.,
Ecker, C. and Phillips, M.L. 2004. Subcortical and ventral prefrontal cortical neural responses to facial
expressions distinguish patients with bipolar disorder and major depression. Biol Psychiatry, 55:578-587.

Liotti, M., Mayberg, H.S., McGinnis, S., Brannan, S.L. and Jerabek, P. 2002. Unmasking disease-specific cerebral
blood flow abnormalities: mood challenge in patients with remitted unipolar depression. American Journal of
Psychiatry, 159:1830-40.

14



Lish, ].D., Dime-Meenan, S.,Whybrow, P.C., Price, R.A. and Hirschfeld, R.M. 1994.The National Depressive
and Manic-depressive Association (DMDA) survey of bipolar members. | Affect Disord, 31:281-294.

Little, ).T., Ketter, T.A., Kimbrell, TA., Dunn, R.T,, Benson, B.E.,Willis, M.W,, Luckenbaugh, D.A. and Post, R.M.
2005. Bupropion and venlafaxine responders differ in pretreatment regional cerebral metabolism in unipolar
depression. Biol Psychiatry, 57:220-228.

Liu, S.K., Chiu, C.H., Chang, CJ., Hwang, TJ., Hwu, H.G. and Chen,W.J. 2002. Deficits in sustained attention in
schizophrenia and affective disorders: stable versus state-dependent markers. Am | Psychiatry, 159:975-982.

Loo, C.K. and Mitchell, PB.2005. A review of the efficacy of transcranial magnetic stimulation (TMS)
treatment for depression, and current and future strategies to optimize efficacy. Journal of Affective Disorders,

88:255-67.

Lyon, H.M,, Startup, M. and Bentall, R.P. [999. Social cognition and the manic defense: attributions, selective
attention, and self-schema in bipolar affective disorder. ] Abnorm Psychiatry, 108:273-282.

MacQueen, G.M., Campbell, S., McEwen, B.S., Macdonald, K., Amano, S., Joffe, R.T., Nahmias, C. and Young, L.T.
2003. Course of illness, hippocampal function, and hippocampal volume in major depression. Proceedings of
the National Academy of Sciences USA, 100:1387-92.

Malhi, G.S., Lagopoulos, J.,Ward, PB., Kumari, V., Mitchell, PB., Parker, G.B., Ivanovski, B. and Sachdev, P. 2004.
Cognitive generation of affect in bipolar depression: an fMRI study. Eur | Neurosci., 19:741-754.

Manning, J.S. 2003. Bipolar disorder in primary care. | Fam Pract., 3(suppl.S6-9).

Martin, S.D., Martine, E., Rai, S.S., Richardson, M.A. and Royall, R. 2001. Brain blood flow changes in depressed
patients treated with interpersonal psychotherapy or venlafaxine hydrochloride: preliminary findings.
Archives of General Psychiatry, 58:641-8.

Martinez-Aran, A.Vieta, E., Colom, F, Torrent, C., Sanchez-Moreno, J., Reinares, M., Benabarre, A.,
Goikolea, |.M., Brugue, E., Daban, C. and Salamero, M. 2004a. Cognitive impairment in euthymic bipolar
patients: implications for clinical and functional outcome. Bipolar Disorder, 6:224-232,a.

Martinez-Aran, A.Vieta, E., Reinares, M., Colom, F, Torrent, C., Sanchez-Moreno, J., Benabarre, A.,
Goikolea, ].M., Comes, M. and Salamero, M. 2004b. Cognitive function across manic or hypomanic, depressed,
and euthymic states in bipolar disorder. Am | Psychiatry, 161:262-270,b.

Mayberg, H.S., Brannan, S.K., Mahurin, R.K,, Jerabek, PA., Brickman, S., Tekell, J.L. and Silva, J.A. 1997. Cingulate
function in depression: a potential predictor of treatment response. Neuroreport, 8:1057-1061.

Mayberg, H.S., Brannan, S.K., Mahurin, R.K., McGinnin, S., Silva, J.A., Tekell, J.L., Jerabek, PA., Martin, C.C. and
Fox, PT. 2000. Regional metabolic effects of fluoxetine in major depression: serial changes and relationship
to clinical response. Biol Psychiatry, 48:30-843.

Mayberg, H.S., Lozano, A.M.,Voon,V., McNeely, H.E., Seminowicz, D., Hamani, C., Schwalb, ].M. and
Kennedy, S.H. 2005. Deep brain stimulation for treatment-resistant depression. Neuron, 45:651-60.

Merriam, E.P, Thase, M.E., Haas, G.L., Keshavan, M.S. and Sweeney, |.A. 1999. Prefrontal cortical dysfunction in
depression determined by Wisconsin Card Sorting Test performance. Am | Psychiatry, 156:780-2.

15



Mogg, K., Bradley, B.P. and Williams, R. 1995. Attentional bias in anxiety and depression: the role of
awareness. Br | Clin Psychol, 34:17-36.

Murphy, F.C., Sahakian, B.J., Rubinsztein, J.S., Michael, A., Rogers, R.D., Robbins, T.W. and Paykel, E.S. 1999.
Emotional bias and inhibitory control processes in mania and depression. Psychol Med, 29:1307-21.

Murphy, C.F. and Alexopoulos, G.S. 2006. Attention network dysfunction and treatment response of
geriatric depression. | Clin Exp Neuropsychol, 28:96-100.

Murray, C.J.L. and Lopez, A.D. 1996. The Global Burden of Disease:A Comprehensive Assessment of Mortality and
Disability from Disease, Injuries and Risk Factors in 1990 and project to 2020. Harvard School of Public Health
on behalf of the World Health Organization and the World Bank. Cambridge, MA: Harvard University Press.

Neumeister, A.,Drevets,W.C,, Belfer, |., Luckenbaugh, D.A.,Henry, S., Bonne, O., Herscovitch, P., Goldman, D.
and Charney, D.S. 2006. Effects of a alpha 2C-adrenoreceptor gene polymorphism on neural responses to

facial expressions in depression. Neuropsychopharmacology, 31:1750-6.

Okada, G., Okamoto, Y., Morinobu, S.,Yamawaki, S., and Yokota, N. 2003. Attenuated left prefrontal activation
during a verbal fluency task in patients with depression. Neuropsychobiology, 47:21-26.

Phillips, M.L., Drevets,W.C,, Rauch, S.L. and Lane, R.D.2003.The neurobiology of emotion perception I:
Towards an understanding of the neural basis of normal emotion perception. Biol Psychiatry, 54:504-514,a.

Phillips, M.L. and Frank, E. 2006. Redefining bipolar disorder: Toward DSM-V. Am | Psychiatry, 163:1135-1136.

Phillips, M.L. 2007. The emerging role of neuroimaging in psychiatry:characterizing treatment-relevant
endophenotypes. American Journal of Psychiatry, 164:697-99.

Porter, R.J., Gallagher, P, Thompson, J.M. and Young, A.H.2003. Neurocognitive impairment in drug-free
patients with major depressive disorder. Br | Psychiatry, 182:214-20.

Price, J.L. 2003. Comparative aspects of amygdala connectivity. Ann NY Acad Sci. 985:50-58.

Robbins, T.W. 1998. Dissociating executive functions of the prefrontal cortex. In Roberts, A.C., Robbins, T.WV.
and Weiskrantz, L.R. The prefrontal cortex: executive and cognitive functions. New York: Oxford University Press.

Robins, L.N. and Reiger, D.A. (eds). 1990. Psychiatric Disorders in America, The Epidemilogic Catchment Area
Study. New York: The Free Press.

Robinson, L.J. and Ferrier, .N.2006. Evolution of cognitive impairment in bipolar disorder:A systematic
review of cross-sectional evidence. Bipolar Disord, 8:103-1 1 6.

Rubinsztein, J.S., Michael, A., Paykel, E.S. and Sahakian, B.J. 2000. Cognitive impairment in remission in bipolar
affective disorder. Psychological Medicine, 30,1025-36.

Rubinsztein, J.S., Michael, A., Underwood B,R., Tempest, M. and Sahakian, B.J. 2006. Impaired cognition and
decision-making in bipolar depression but no ‘affective bias’ evident. Psychol Med, 36:629-639.



Rush, AJ. Trivedi, M.H.,Wisniewski, S.R., Nierenberg, A.A,, Stewart, |.W.,,Warden, D., Niederehe, G.,
Thase, M.E,, Lavori, PV, Lebowitz, B.D., McGrath, PJ., Rosenbaum, J.F, Sackeim, H.A., Kupfer, D.J., Luther,
J.and Fava, M. 2006. Acute and longer-term outcomes in depressed outpatients requiring one or several
treatment steps: a STAR*D report. Am J Psychiatry, 163:1905-1917.

Sachs, G.S., Koslow, C.L.and Ghaemi, S.N.2000.The treatment of bipolar depression. Bipolar Disord, 2:256-260.
Sachs, G.S., Nierenberg, A.A., Calabrese, J.R., Marangell, L,B., Wisniewski, S.R., Gyulai, L., Friedman, E.S.,
Bowden, C.L., Fossey, M.D., Ostacher, M.J., Ketter, TA,, Patel, ]., Hauser, P, Rapport, D., Martinez, |. M.,

Allen, M.H., Miklowitz, D ., Otto, M.WV,, Dennehy, E.B. and Thase, M.E. 2007. Effectiveness of adjunctive
antidepressant treatment for bipolar depression. New England Journal of Medicine, 356:1711-22.

Saxena, S., Brody, A.L., Ho, M.L., Zohrabi, N., Maidment, K.M. and Baxter, L.R. 2003. Differential brain
metabolic predictors of response to paroxetine in obsessive-compulsive disorder versus major depression.
Am | Psychiatry, 160:522-532.

Schatzberg, AF, Posener, J.A., DeBattista, C., Kalehzan, B.M., Rothschild, A.J.and Shear, PK.2000.
Neuropsychological deficits in psychotic versus nonpsychotic major depression and no mental illness.
Am | Psychiatry, 157:1095-100.

Schlaepfer, T.E., Cohen, M.X,, Frick, C., Kosel, M., Brodesser, D., Axmacher, N., Joe, A.Y., Kreft, M.,
Lenartz, D.and Sturm,V.2007. Deep brain stimulation to reward circuitry alleviates anhedonia in refractory
major depression. Neuropsychopharmacology, 33:368-377.

Shea, M.T,, Elkin, I., Imber, S.D., Sotsky, S.M.,Watkins, J.T.,, Collins, J.F,, Pilkonis, PA., Beckham, E., Glass, D.R.
and Dolan, R.T. 1992. Course of depressive symptoms over follow-up. Findings from the National Institute

of Mental Health Treatment of Depression Collaborative Research Program. Archives of General Psychiatry,
49:782-7.

Sheline, Y.I,, Barch, D.M., Donnelly, ].M., Ollinger, J.M., Snyder, A.Z.and Mintun, M.A.2001. Increased amygdala
response to masked emotional faces in depressed subjects resolves with antidepressant treatment: an fMRI
study. Biol Psychiatry, 50:651-658.

Siegle, G.J., Steinhauer, S.R., Thase, M.E., Stenger,V.A. and Carter, C.S. 2002. Can’t shake that feeling: fMRI
assessment of sustained amygdala activity in response to emotional information in depressed individuals. Biol
Psychiatry, 51:693-707.

Siegle, G.J., Carter, C.S. and Thase, M.E. 2006. Use of FMRI to predict recovery from unipolar depression
with cognitive behavior therapy. Am J Psychiatry, 163:735-738.

Siegle, GJ., Thase, M.E,, Steinhauer, S.R., Stenger,V.A. and Carter, C.S.2007. Increased Amygdala and
Decreased Prefrontal BOLD Responses in Depression. Biological Psychiatry, 61:198-209.

Smith, D.J., Muir,W,J. and Blackwood, D.H.R. 2006. Neurocognitive impairment in euthymic young adults with
bipolar spectrum disorder and recurrent major depressive disorder. Bipolar Disorder, 8:40-46.

Stuss, D.T. and Levine, B. 2002. Adult clinical neuropsychology: lessons from studies of the frontal lobes. Ann
Rev Psychol, 53:401-33.

Surguladze, S., Brammer, M., Keedwell, P,Young, A., Andrew, C., Travis, M., Williams, S. and Phillips, M.L. 2005.
A differential pattern of neural response towards sad versus happy facial expressions in major depressive
disorder. Biol Psychiatry, 57:201-209.

17



Sweeney, ].A., Kmiec, J.A. and Kupfer, D.J. 2000. Neuropsychologic impairments in bipolar and unipolar mood
disorders on the CANTAB neurocognitive battery. Biol Psychiatry, 48:674-684.

Taylor-Tavares, J.V., Clark, L., Erickson, K., Cannon, D.M., Drevets,W.C., Sahakian, B.J. 2007. Distinct profiles
of neurocognitive function in unmedicated unipolar depression and bipolar Il depression. Biological Psychiatry,
62:917-24.

Taylor-Tavares, J.V., Clark, L., Furey, M.L.,Williams, G.B., Sahakian, B.J. and Drevets, W.C. 2008. Neural basis of
abnormal response to negative feedback in unmedicated mood disorders. Neurolmage, in press.

Tutus, A, Simsek, A., Sofuoglu, S., Nardali, M., Kugu, N., Karaaslan, F. and Gonul, A.S. 1998. Changes in
regional cerebral blood flow demonstrated by single photon emission computed tomography in depressive
disorders: comparison of unipolar vs. bipolar subtypes. Psychiatry Research, 83:169-77.

van den Bosch, RJ., Rombouts, R.P.and van Asma, M.J. |996.What determines continuous performance task
performance. Schizophr Bull 22:643-51.

Vlassenko, A., Sheline,Y.l, Fischer, K. and Mintun, M.A.2004. Cerebral perfusion response to successful
treatment of depression with different serotonergic agents. Journal of Neuropsychiatry & Clinical Neuroscience,
16:360-3.

Watson, S., Thompson, ].M., Ritchie, J.C., Ferrier, .N.,Young, A.H. 2006. Neuropsychological impairment in
bipolar disorder:The relationship with glucocorticoid receptor function. Bipolar Disord 8:85-90.

Wilder-Willis, K.E., Sax, K.WV,, Rosenberg, H.L., Fleck, D.E., Shear, PK. and Strakowski, S.M. 2001. Persistent
attentional dysfunction in remitted bipolar disorder. Bipolar Disord, 3:58-62.

Wolfe, J., Granholm, E., Butters, N., Saunders, E. and Janowsky, D. 1987.Verbal memory deficits associated
with major affective disorders: A comparison of unipolar and bipolar patients. | Affect Disord, 13:83-92.

Wyatt, RJ. and Henter, |. 1995. An economic evaluation of manic-depressive illness — 1991. Soc. Psychiatry
Psychiatr Epidemiol, 30:213-219.

Yurgelun-Todd, D.A., Gruber, S.A., Kanayama, G., Killgore,W.D,, Baird, A.A.and Young, A.D.2000.fMRI during
affect discrimination in bipolar affective disorder. Bipolar Disord, 2:237-248.

Zola-Morgan, S., Squire, L.R., Alvarez-Royo, P.and Clower, R.P. 1991. Independence of memory functions and
emotional behavior: separate contributions of the hippocampal formation and the amygdale. Hippocampus,
1:207-220.

Zubieta, J.K., Huguelet, P, O’Neil, R.L. and Giordani, B.J. 2001. Cognitive function in euthymic bipolar |
disorder. Psychiatry Res, 102:9-20.






All the reports and papers produced by the
Foresight Mental Capital and Wellbeing Project may be downloaded from the Foresight website
(www.foresight.gov.uk).
Requests for hard copies may also be made through this website.
First published September 2008.

The Government Office for Science.

© Crown copyright



