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Abstract Negative affective schema and associated biases in information
processing have long been associated with clinical depression. Such an approach
has guided the development of successful psychological therapies for this and
other emotional disorders. However, until quite recently, there has been a large
chasm between the practitioners and scientists working with this approach and
those working on the neurobiological basis of depression and its treatment. Recent
research, however, has started to bridge this gap and our understanding of the
neural processes underpinning these cognitive processes has progressed markedly
over the past decade. Moreover, rather than representing separate targets for
psychological and biological treatments, novel findings suggest that pharmaco-
logical interventions for depression also modify these psychological maintaining
factors early in treatment and may be involved in the later emergence of clinically
relevant change. Such findings offer the possibility of greater integration between
psychological and pharmacological conceptualisations of psychiatric illness and
provide an experimental medicine model to generate and test specific predictions.
Such a model could be applied to improve treatment development, stratification
and combination approaches for patients with depression and provide a framework
for considering and overcoming treatment nonresponse.
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1 Introduction

The first antidepressant drug treatments were discovered by chance over 50 years
ago. Since then, intense research effort both in academic and industrial laboratories
has explored the key processes underlying antidepressant drug action and in using
this information to refine and develop more effective and targeted antidepressant
agents. This characterisation has largely explored the neurophysiological actions
of drug treatments on neurochemical, cellular and molecular processes. By con-
trast, there has been little work exploring how these neural changes act to reverse
the psychological experiences seen in depression and little integration between
pharmacological and psychological theories and treatment for depression (see
Harmer et al. 2009a).

However, it is likely that these different approaches, rather than being mediated
by opposing processes, simply reflect different levels of analysis. Indeed, recent
work reveals that antidepressant drug treatments normalise key psychological
processes in depression very early on in treatment and that these actions may
mediate later therapeutic change (Harmer et al. 2009a, 2011a). This chapter will
review the role of psychological emotional biases in depression and the evidence
that antidepressant treatments may work via early correction of emotional biases.

2 Negative Schema and Emotional Processing Bias
in Depression

The original cognitive model of depression was developed by Beck (1967) and
provided a revolutionary framework for the empirical identification and charac-
terisation of factors that lead to and maintain depression. This cognitive model has
stimulated research and clinical practice since then and has served as the foun-
dation for the development of cognitive therapy. In this model, risk for depression
is associated with the existence of negative self-referent schema’s (such as the
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underlying belief that ‘I will never succeed’) which become activated by stressors.
It is well documented in cognitive psychology that our own beliefs tend to shape
the kind of information we receive and remember, since with limited capacity at
all stages of cognitive processing and a world full of potential cues and sources of
information, we preferentially process the stimuli which make most sense to us
(Bartlett 1932). For the individual at risk of depression then, information pro-
cessing becomes biased towards negative self-referent information at the expense
of more positive cues, potentially reinforcing and maintaining negative self beliefs
and low mood (Disner et al. 2011).

Since Beck’s original formulation, the existence of these kinds of negative
biases in processing have been extensively researched and described. These kinds
of biases affect processes of emotional perception, elements of attention, memory
and response to feedback (Roiser et al. 2012; Elliott et al. 2011) and have been
linked both to the risk of depression and risk of relapse. For example, depressed
patients are more likely to label facial stimuli as showing sad expressions and are
typically less able to detect mild facial expressions of happiness (Harmer et al.
2009b; Gur et al. 1992; Surguladze et al. 2005). This kind of bias has been found to
predict depression levels 3 and 6 months later (Hale 1998) and subsequent relapse
to depression (Bouhuys et al. 1999). Further support for the hypothesis that
these biases play a causal role in depression comes from studies where emotional
biases have been manipulated experimentally using implicit training paradigms
(‘‘cognitive bias modification’’) and which have shown subsequent effects on mood
responses to stressors. That is, artificially manufacturing negative biases in healthy
people can mimic some of the symptoms seen in depression (Macleod et al. 2002).

Recent neurobiological formulations of the cognitive negative bias seen in
depression emphasise the role of aberrant responses and interplay between limbic,
frontal and striatal areas (Disner et al. 2011; Roiser et al. 2012; Elliott et al. 2011;
Harmer et al. 2011a). An imbalance in processing stimuli across this network has
been suggested to lead to increased salience of negative versus positive stimuli,
inefficient attentional disengagement and control processes and reduced reward
response. Evidence in favour of these formulations is provided by research find-
ings, predominantly using functional magnetic resonance imaging in combination
with the presentation of emotional stimuli. Results suggest that depression is
associated with increased amygdala reactivity to negative stimuli that is both more
intense and longer lasting (Fu et al. 2004; Sheline et al. 2001; Siegle et al. 2002).
Such effects are seen, for example, during presentation of negative pictorial stimuli
such as fearful or sad facial expressions and have been related (through interac-
tions with the hippocampus) to enhanced memory for negative stimuli in
depression (Hamilton and Gotlib 2008). It has also been suggested that the on-
going perception and sustained attention towards negative stimuli may occur
because of reduced inhibition from cognitive control networks including the
dorsolateral prefrontal cortex, dorsal anterior cingulate and ventrolateral prefrontal
cortex (Disner et al. 2011; Roiser et al. 2012). Indeed, altered responses in these
key areas, along with altered connectivity with the amygdala, have been observed
in depression during the processing of emotional stimuli (Disner et al. 2011;
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Roiser et al. 2012). Exaggerated responses to negative vs positive cues has also
been reported in sensory areas such as the visual cortex, which receives back-
projections from the amygdala, and may function to modify visual attention to
stimuli depending on their salience or relevance to the individual (Vuilleumier and
Driver 2007). The responses to anticipation and receipt of reinforcing stimuli
(such as money or chocolate) in the nucleus accumbens and medial orbitofrontal
cortex have also been reported to be blunted in depression (Knutson et al. 2008;
Pizzagalli et al. 2009) even during remission (McCabe et al. 2009) and has been
suggested to underpin the experience of anhedonia (Wacker et al. 2009).

Together, these results suggest that the preferential processing of negative
affective information is a key process in depression which can be indexed using
both behavioural and neuroimaging methods. It is likely that the root cause of
these negative biases varies across individuals as a function of genetic and envi-
ronmental factors. However, it is a key hypothesis that targeting these kinds of
emotional biases may be an effective way of treating depression (Harmer et al.
2009b, 2011a; Pringle et al. 2011; Roiser et al. 2012).

3 Targeting Emotional Biases in the Treatment of Depression

Cognitive behavioural therapy (CBT) explicitly aims to reduce negative emotional
biases in the treatment of depression and anxiety and the magnitude of these
effects have been associated with therapeutic response (Mogg et al. 1995). How-
ever, it is only recently that the potential importance of antidepressant drug effects
on these processes has begun to be recognised. These effects have largely been
characterised using a healthy volunteer model to allow direct actions of the drug
treatment on emotional processing to be assessed in a tightly controlled laboratory
setting and independently from shifts in clinical symptoms. Such an approach
allows the refinement of the design and hypotheses for subsequent clinical studies.
Using this translational strategy, we have established that antidepressant admin-
istration affects emotional processing across a range of paradigms, early in treat-
ment and independently from changes in mood (see Harmer et al. 2011a). For
example, 7 days administration of the selective reuptake inhibitor (SSRI) antide-
pressant citalopram reduced the perception of facial expressions of fear, anger and
disgust and decreased negative affective memory recall compared to placebo
treatment in healthy volunteers (Harmer et al. 2004).

Such effects on emotional processing are characteristic of a number of different
effective antidepressants across different pharmacological classes (including
citalopram, reboxetine, duloxetine, agomelatine and mirtazapine) (Arnone et al.
2009; Harmer et al. 2003, 2008, 2011b). Each of these quite different antidepressants
decreased interpretation and memory for negative compared to positive information
in healthy volunteers early in treatment in double blind randomised controlled
studies. Such effects would be expected to reverse negative biases seen in depression
and reduce the influence of this important maintaining factor. Critically, a recent
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study suggests that depressed patients also show these early effects of antidepressants
on emotional processing, before subjective changes are seen (Harmer et al. 2009b).
Thus, a single dose of reboxetine (4 mg) was able to increase positive affective
responses in facial expression recognition, emotional categorisation and emotional
memory in depressed patients with a similar magnitude of effects to those seen in a
sample of healthy controls. Such actions suggest that effects on emotional processing
are apparent within the first few hours after the first antidepressant drug dose and
could be an important mechanism for emergent therapeutic effects.

4 The Neural Correlates of Early Changes
in Emotional Bias

The behavioural changes seen in emotional processing with antidepressant
administration are associated with altered patterns of neural response across a
network of areas including the amygdala, extra striate cortex and medial prefrontal
cortex (see Harmer et al. 2009a, 2011a). The amygdala overactivity seen in
depression to negative affective stimuli (Fu et al. 2004; Sheline et al. 2001; Siegle
et al. 2002; Victor et al. 2010) is normalised following SSRI drug treatment after
1 week (Godlewska et al. 2012) and after longer term treatment (8 weeks or more)
(Sheline et al. 2001; Fu et al. 2004; Victor et al. 2010). We have also shown
similar effects in healthy volunteers early in treatment. Thus, administration of
SSRIs (Harmer et al. 2006; Murphy et al. 2009a), noradrenaline reuptake inhibitors
(Norbury et al. 2007) and receptor blocking antidepressants (Rawlings et al. 2010)
decreased amygdala response to negative vs positive facial expressions. Similar
effects have now been replicated in a number of independent research groups
(Windischberger et al. 2010; Arce et al. 2008). In addition to these actions within
the amygdala, emotionally specific drug effects are also seen within the medial
prefrontal cortex (Di Simplicio et al. 2011) involved in self-referential processing
and visual areas important for the translation of emotional salience into increased
visual processing and attention (Norbury et al. 2007; Rawlings et al. 2010).

It is notable that the early effects of antidepressant drug treatments largely
impact on ‘‘lower-level’’ responses to emotional information and there is a relative
absence of reported effects on prefrontal and other higher order areas thought to
play a role in regulation and control (see Harmer et al. 2011a). Although it is
possible that this is an artefact of the kind of emotional paradigms used in these
studies, it could indicate that pharmacological treatments are particularly working
via this bottom-up route (i.e., decreasing automatic responses to emotional
information rather than increasing more strategic control processes) (Harmer et al.
2011a; Roiser et al. 2012). Longer term antidepressant treatment has been reported
to increase connectivity between frontal cortex and amygdala responses (Anand
et al. 2005, 2007; Chen et al. 2008) though the direction of this action is not clear
and may also occur through reduced amygdala responsively. These findings raise
interesting questions about the initial locus of antidepressant drug action and
whether efficacy could be improved by agents targeting the integrity and function
of strategic control pathways (Roiser et al. 2012).
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There is also increasing interest in the effect of drug treatment on resting-state
connectivity patterns. Sheline et al. (2010) reported increased levels of connec-
tivity between resting state networks involving the medial PFC (‘‘Dorsal Nexus’’)
in depression, suggesting aberrant interconnection between cognitive and emo-
tional processes. The effect of treatment on network function is currently being
investigated, but an initial study found that a 1-week treatment of citalopram was
able to reduce aberrant connectivity between the dorsal nexus and hippocampus in
healthy controls (McCabe et al. 2011). Given the hypothesised role for emotional
modulation of hippocampal memory encoding (Hamilton and Gotlib 2008), this
may be an intriguing corollary of the reduced negative recall bias seen with
antidepressant treatment (Harmer et al. 2009b, 2004). Again, further studies are
needed to explore early effects in depression and in relation to early changes in
emotional processing and to later therapeutic action.

Together, these results suggest that antidepressants can affect limbic areas
underpinning emotional processing very early on in treatment. Such effects rein-
force the findings seen in the behavioural models of cognitive bias and highlight a
previously undiscovered action of antidepressants which appears to precede
clinical response. Such results, however, raise the question of why the clinical
therapeutic actions of antidepressants are not seen earlier in treatment.

5 Understanding the Delayed Onset of Clinical
Therapeutic Antidepressant Effects

A key hypothesis of the cognitive neuropsychological model is that the time-lag in
clinical therapeutic effects of antidepressant treatments occur because environ-
mental and social interaction is needed before a change in emotional bias will be
able to affect mood and behaviour (Harmer et al. 2009a). A similar explanation has
been proposed to account for the delayed effects of other manipulations which target
emotional bias on subjective mood and anxiety responses. In particular, cognitive
bias modification, which experimentally manipulates emotional bias using a
psychological training technique (such as repeatedly pairing a probe to which
the volunteer has to respond quickly with the location of a threatening stimulus
(Macleod et al. 2002) also affects mood and anxiety with a delayed onset of action.
However, although subjective state is not immediately affected under baseline
conditions, this cognitive bias modification does modulate emotional reactions to a
stressful task situation. For example, volunteers who have been trained to attend to a
threatening stimulus show an increased negative mood response to a laboratory
stressor relative to those volunteers who had been trained to selectively attend away
from threatening stimuli (MacLeod et al. 2002). These results reinforce the idea that
environmental interactions are critically important in determining how changes in
emotional bias will affect mood. In depressed patients receiving antidepressant
treatment, such interactions are likely to happen naturally with every day chal-
lenges, social contact and life events. However, it is also possible to probe such
environmental effects experimentally using a laboratory stressor.
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To test the idea that antidepressant-induced changes in emotional bias impact on
mood only in interaction with stress and emotional events, we investigated the effects
of 7 days administration of citalopram on the response to a negative mood challenge
in healthy volunteers. As expected, short-term citalopram administration did not
affect mood or subjective state under baseline conditions, but was able to protect
healthy volunteers against the mood lowering effects of a negative mood induction
compared to double blind administration of placebo (Browning et al. 2011).
Furthermore, as hypothesised by the cognitive neuropsychological model, the
magnitude of this protective action on mood response was predicted by the effect of
citalopram on emotional memory. That is, those volunteers showing the largest
reduction in negative bias were least susceptible to the negative mood induction.

These findings support the idea that although changes in emotional bias may occur
quickly with antidepressant administration, such treatment would still be expected to
have a delayed effect on clinical symptoms such as depressed mood. As such, this
approach can provide a psychological explanation for the clinical delay in antide-
pressant drug treatment efficacy and also suggests a plausible mechanism whereby
changes in neurochemical function induced by antidepressant drug treatment
become translated into clinical improvement. Consistent with this delayed onset of
action, results from a clinical study suggested that the change in the recognition of
happy facial expressions with antidepressant use at 2 weeks correlated with thera-
peutic change 4 weeks later in depressed patients (Tranter et al. 2009).

While other models have been proposed to account for the delay in clinical
efficacy of antidepressant drug treatment, these hypotheses usually emphasise the
importance of delayed neurobiological actions in treatment effects. For example,
the neurotrophic theory suggests that antidepressant effects on brain plasticity are
required for successful antidepressant response (Duman and Monteggia 2006).
These delayed antidepressant effects on plasticity are believed to include increased
elaboration of neurotrophic factors (such as BDNF), neurogenesis, neuronal
maturation and synaptic plasticity and at a behavioural level have been linked to
changes in learning (Nissen et al. 2010; Normann et al. 2007). In isolation, it is
difficult to explain how these improvements in plasticity and learning are linked to
reduction in the different clinical symptoms seen in depression. However, such
effects may well be critical for the translation of increased positive emotional bias
described above into sustained improvements in the affect and social function of
depressed patients. Hence, it may be predicted that the therapeutic effects of
antidepressant agents which positively bias emotional processing could benefit
from additional effects on neuroplasticity, particularly in view of the known del-
eterious effects of depression on learning and memory performance (Elliott 1998).

6 Applications

The surprising observation that antidepressants have early effects on emotional
processing both in depressed and healthy volunteers has a number of theoretical
and practical applications. This approach provides an experimental medicine
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model which can be used to generate specific predictions regarding treatment
development, nonresponse and combination therapy.

6.1 Drug Development

Despite innovations in the process of drug development, new treatments for central
nervous disorder conditions often fail relatively late in development because of
problems in efficacy (Kola and Landis 2004). Typically, these candidate treatments
are assessed for safety in Phase 1 healthy volunteer studies before efficacy is tested
in Phase 2 and 3 studies in depressed patients. Phase 2 and 3 clinical trials are
expensive, time-consuming and expensive but are often embarked on in the
absence of any indication of efficacy in humans. It is clear that the inclusion of
efficacy markers in Phase 1 studies may provide information for decision making
and refinement of the compound for development but until recently there has been
the absence of these kinds of biomarker models of efficacy which could be used in
healthy volunteers.

The data reviewed above, however, suggests that early effects of drug treatments
on emotional processing may provide a possible biomarker. These measures of
emotional processing are affected early on in treatment, in healthy volunteers as
well as depressed patients and target a key psychological process known to be
important in depression. It is also notable that these effects are seen across anti-
depressant classes and in the absence of more overt changes in mood. Such results
suggest that characterising novel candidate treatments early in development may
provide some key information concerning effective dose, clinical profile and
mechanism of action. Consistent with this, we have recently found that these human
models were maximally sensitive to the same dose of the novel antidepressant
agomelatine identified as effective in RCTs (Harmer et al. 2011b). Furthermore,
these measures of emotional processing were unaffected, or not consistently
affected, by failed antidepressant candidates such as the NK1 antagonist aprepitant
(Chandra et al. 2010) which were positive in preclinical animal models of
depression. These preliminary findings support the use of this human experimental
medicine approach for the characterisation and screening of new agents for the
treatment of depression and anxiety. Further work is required to assess the ability of
these models to predict wanted and unwanted actions of novel drug treatments and
differentiate between different candidates at this early stage of development.

6.2 Prediction of Treatment Nonresponse

While around 30 % of patients achieve remission with a single course of an
antidepressant, this figure can be effectively doubled by trying different treatment
iterations (Rush et al. 2007). However, such a trial and error approach for the
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treatment of a patient, coupled with the slow onset of clinical antidepressant drug
effects, can lead to significant delay in effective management and increase risk of
long-term morbidity and disability. Recent data suggest that early change in
emotional processing with antidepressant administration may predict therapeutic
response seen 4 weeks later (Tranter et al. 2009).

We are currently investigating whether the initial emotional processing response
with treatment has sufficient sensitivity and specificity to inform whether a change in
drug or dose is necessary early in treatment. This framework also provides a model
for understanding why a particular treatment may fail for an individual. Thus, a
treatment would be predicted to fail if the drug was unsuccessful in shifting cognitive
bias. However, a treatment may also be unsuccessful if, despite a shift in cognitive
bias, the patient is not receiving sufficient exposure to emotional and social stimuli to
allow the change in processing to affect mood. This may be a particular problem for
depression which is often characterised by social isolation and withdrawal and would
be predicted to limit the ability of the antidepressants to improve depressed mood.
For other patients, cognitive biases may be too entrenched to shift with standard
antidepressant treatment. It is an intriguing idea that it may be possible to boost the
effects of pharmacological treatment with specific psychological intervention though
further investigation is needed to assess the best methods for this combination. For
example, it is interesting to consider whether boosting exposure to and interpretation
of the environment and social situations early in the treatment with antidepressants
could build on these early positive effects. Such hypotheses need to be explored
systematically using these experimental medicine models but could have far
reaching implications for clinical practice.

6.3 Treatment Stratification

While different antidepressants with different pharmacological effects have com-
mon actions on the processing of emotional information which may be important
in their therapeutic actions, there also seems to be some specific differences
between agents which may be relevant to their clinical profiles. For example,
negative biases in emotional memory recall have been suggested to be particularly
relevant to depression, with less clear-cut effects emerging in the anxiety disorders
(Bradley et al. 1997; Williams et al. 1997). Drug treatments for depression also
have very consistent effects on emotional memory. Thus, SSRIs like citalopram,
novel antidepressants like agomelatine and receptor blocking antidepressants such
as mirtazapine all decreased relative recall for negative compared to positive
emotional information in healthy volunteers in double blind placebo controlled
studies (see Harmer et al. 2011b). Such effects have also been described for non-
drug treatments for depression such as vagus nerve stimulation (Critchley et al.
2007), negative ion administration (Malcolm et al. 2009; Harmer et al. 2012) and
cognitive bias modification (Browning et al. 2011). These actions suggest that
remediation of negatively biased memory processes may be important in different
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therapeutic strategies for the treatment of depression, perhaps representing a final
common pathway important for therapeutic effects.

By contrast, anxiety and anxiolytic drug treatments have been particularly
associated with changes in attentional bias and physiological reactivity to threat-
ening stimuli (Grillon and Charney 2011; MacLeod et al. 1986). The visual dot-
probe task is able to provide a snapshot of attention to threat across time by varying
the duration of stimuli presentations (MacLeod et al. 1986). Anxiety disorders and
high trait levels of anxiety have been associated with increased vigilance to
threatening information which is most consistently evident with short stimulus
durations of 150 ms or less i.e., reflecting increased early orienting to threat rather
than increased maintenance of attention (see Mogg and Bradley 1998). While
attentional biases in depression have also been reported, such effects are usually
seen with longer exposure durations in the order of 1,000 ms, possibly reflecting
increased sustained attention to negative information rather than fast attentional
orienting (Bradley et al. 1997). Consistent with this, we have observed key effects
of drug treatments used for anxiety on the early attentional processing of threat in
healthy volunteers (Murphy et al. 2008, 2009b). Thus, both the SSRI citalopram
(also used in the treatment of anxiety) and the benzodiazepine diazepam reduced
attentional vigilance to fearful facial expressions at exposure durations of 100 ms
or less in healthy volunteers. These effects also seem to be relatively specific since
we found that diazepam did not affect emotional memory and an antidepressant
without profound anxiolytic action, reboxetine, did not affect attentional dot-probe
performance (Murphy et al. 2008, 2009b). Hence, these results suggest that
correction of initial hypervigilance to threat may be a common effect of drug
treatments for anxiety, whereas remediation of biases in emotional memory may be
particularly relevant for antidepressant agents. These differences between drug
treatments imply that it may be possible to predict who is likely to benefit from
different antidepressants from particular patterns of emotional bias shown before
treatment. In other words, a treatment may work best for an individual if drug action
is matched to the particular emotional processing bias seen in that person. These
speculations remain to be tested, however, in large-scale randomised clinical trials.

7 Conclusions

It has often been assumed that antidepressants have no clinically relevant effects
until they have been given over days or weeks of treatment. However, recent
evidence suggests that key psychological processes which are important in
depression, are affected early in treatment and may over time and experience be an
important mechanism of therapeutic change in depression. This approach refo-
cuses research on key processes that are occurring shortly after treatment initiation
and provides a model by which psychological and pharmacological processes in
depression can be integrated and understood. This approach also provides an
experimental medicine model for the generation of specific predictions which may
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overcome some limitations in drug development, treatment nonresponse and the
application of psychological–pharmacological combination strategies. There
remains the need for large-scale clinical translation of this work, where we
examine to what extent these biases predict therapeutic response, whether this
could be used to improve clinical practice and treatment allocation and provide a
testbed for the development and screening of novel treatment strategies.
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