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New antidepressants and individualized approaches to treatment, matching specific therapies to individual pa-
tients, are urgently needed. For this, a better understanding of processes underpinning the development of de-
pressive symptoms and response to medications are required. The cognitive neuropsychological model offers a
novel approach uniquely combining biological and psychological approaches to explain how antidepressants
exert their effect, why there is a delay in the onset of their clinical effect, and how changes in emotional process-
ing are an essential step for a clinical antidepressant effect to take place. The paper presents the model and its un-
derpinnings in the form of research in both healthy and depressed individuals, as well as the potential for its
practical use.
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1. Introduction

Abbreviations: CBT, Cognitive-behavioural therapy; dIPFC, Dorsolateral prefrontal cor-
tex; ECT, Electroconvulsive therapy; (f)MRI, (Functional) Magnetic resonance imaging; 5-
HT1A, Serotonin type 1A receptor; mPFC, Medial prefrontal cortex; NRI, Norepinephrine

Efficacious pharmacological treatments for depression have been
used since the serendipitous discoveries of the first monoamine oxidase

reuptake inhibitor; (pg)ACC, Pregenual anterior cingulate cortex; SNRI, Serotonin-
norepinephrine reuptake inhibitor; SSRIs, Selective serotonin reuptake inhibitors; tDCS,
Transcranial direct current stimulation; TMS, Transcranial magnetic stimulation.
* Corresponding author at: University Department of Psychiatry, Warneford Hospital,
Oxford OX3 7JX, UK.
E-mail address: beata.godlewska@psych.ox.ac.uk.
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inhibitor (MAOI), iproniazid, and the first tricyclic antidepressant (TCA),
imipramine, in the 1950s (Lopez-Mufioz & Alamo, 2009) followed by
the development of a psychological approach specifically targeting
depression, cognitive-behavioural therapy (CBT), in the 1960s
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(Beck, 1967). Developments of new drugs, such as selective serotonin
reuptake inhibitors (SSRIs) and serotonin-norepinephrine reuptake in-
hibitors (SNRIs), and new psychological approaches followed, having a
dramatic effect on the lives of millions of depressed individuals afflicted
by this previously untreatable condition (Lépez-Mufioz & Alamo, 2009).
Curiously, for a long time practitioners favouring pharmacological or
psychological therapies seemed to be unable to find a common lan-
guage, at times approaching open animosity. Recent years, however,
have witnessed a change in this regard, with rapidly developing conver-
sations between followers of biological and psychological theories,
stimulated and facilitated by the development of research tools
allowing exploration and a better understanding of biological underpin-
nings of emotional and cognitive processes, and the impact of antide-
pressants on both biological processes and psychological function.

This has led to the development of new platforms for understand-
ing of the pathogenetic mechanisms of depression and antidepres-
sant drug action, opening new avenues for explorations of crucial
clinical issues. Novel perspectives were indeed urgently needed
given a large number of depressed patients not responding to their
first - or indeed never responding to - antidepressant treatments
(Warden, Rush, Trivedi, Fava, & Wisniewski, 2007). New drug devel-
opment and matching treatments to individuals have become critical
clinical issues.

2. Cognitive neuropsychological hypothesis

An important shift in the perception of psychological and biological
elements not as separate entities but as processes influencing and
complementing each other, led to the development of an influential hy-
pothesis of antidepressant drug action, the so-called cognitive neuro-
psychological hypothesis (Pizzagalli, 2011; Roiser, Elliott, & Sahakian,
2012; Warren, Pringle, & Harmer, 2015). This model attempted to an-
swer the question why commonly used antidepressant medications
take weeks to induce a clinically significant change in mood. This is par-
ticularly intriguing as changes in neurotransmitters occur within hours
of treatment initiation and strongly suggests that for the clinical effect, a
change in monoamine levels is not sufficient and other processes must
take place. The model hence challenges the monoamine hypothesis of
antidepressant drug action and suggests that there may be multiple
‘points of entry’ downstream in the process that could serve as alterna-
tive targets for therapeutic agents.

What are the main assumptions of the cognitive neuropsychologi-
cal theory? The key hypothesis of the model is that in order to achieve
mood improvement, a change in emotional processing, resulting in a
reduction of the negative biases that characterise depression, needs
to take place. This is however insufficient to induce clinical improve-
ment. For that, environmental and social interactions are needed to
stimulate a learning process, leading to development of new more
positive associations and subsequent mood improvement. The time
needed for this process can explain the delay in the antidepressant ef-
fect. The cognitive neuropsychological model is schematically pre-
sented in Fig. 1.

The important part of the hypothesis, i.e. that changes in the
emotional bias affect mood only if there are interactions with the
environment, needed to be tested. A study in healthy individuals
showed that after 7 days of treatment with either citalopram or
placebo, in the absence of any baseline mood change, people
treated with citalopram were not affected by a negative mood in-
duction (Browning et al., 2011). The extent of the protective action
against negative mood was inversely correlated with the effect of
the drug on emotional memory. In line with the hypothesis, an-
other study in depressed patients with late-life depression, showed
a predictive therapeutic effect of early bias shift only in patients
who perceived their level of social support as adequate (Shiroma,
Thuras, Johns, & Lim, 2014).

3. The principal components of the cognitive neuropsychological
hypothesis and depression

The cognitive neuropsychological hypothesis in a novel way com-
bines two components, equally important for antidepressant drugs ac-
tion, an affective-cognitive and a neural process, and proposes how
they interweave to produce antidepressant effect (Pringle, Browning,
Cowen, & Harmer, 2011). The following two paragraphs briefly discuss
affective-cognitive and neural dysfunction in depression, to provide
the context for the cognitive neuropsychological model.

3.1. The affective-cognitive component in depression

Depression is characterized by a number of cognitive distortions
while perceiving and processing internal and external stimuli, which
facilitate the development and maintenance of depressive symptoms
(Robinson & Roiser, 2016; Roiser & Sahakian, 2013). One of the most
robust and consistently observed distortions, which is the focus of the
cognitive neuropsychological hypothesis, is the negative bias in infor-
mation processing in depression. Already in 1976, Aaron Beck proposed
the concept of the depressive ‘negative triad’, irrational, negative views
about oneself, the world and the future, reinforcing one another and en-
hancing negative belief systems in depression (Beck, 1976). A change in
negative bias is one of the main goals of CBT, a validated psychological
treatment, widely used in depression.

Research has consistently supported negative bias as a one of the
core psychological dysfunctions in depression (Gotlib & Joormann,
2010; Mathews & MacLeod, 2005). The processing of social cues and
self-related information is particularly affected, especially if the stimuli
are emotionally loaded. Tasks involving recognition of facial emotions
and testing memory of, and attention to, self-referential information,
have been successfully used as probes in experimental conditions. Facial
emotion recognition tasks seem to be particularly sensitive probes,
which is not surprising as the ability to correctly recognize human
emotions is fundamental to social interactions and as such, essential to
human well-being (Pringle, Browning, Cowen, & Harmer, 2011). Nega-
tively biased recognition and interpretation of facial emotions may lead
to the development of a sense of living in an unfriendly social environ-
ment, resulting in mood impairment and/or maintenance of depressive
symptoms. The examples of findings include, among many others,
preferential recall - immediate and delayed - of mood congruent nega-
tive information in free recall tasks, decreased memory for positive in-
formation, excessive processing and facilitated integration of
negatively valenced emotional information of a personal nature, in-
creased identification of negative emotions in faces, and an impaired
recognition of facial emotional expressions in general, with a specific
enhancement of the recognition of sadness (Roiser & Sahakian, 2013;
Warren et al,, 2015).

3.2. The neural component in depression

With the development of imaging techniques such as magnetic res-
onance imaging (MRI) or positron emission tomography (PET), it was
possible to explore the mechanisms of bias formation at the neural
level. Research dating back to the early 1990s (Mayberg, 1997) led to
the formulation of one of the most prominent etiopathological models
of depression (Drevets, 2001; Mayberg, 2003). This model proposes
the inability of frontal cortices to control overactive limbic structures,
responsible for the quick automatic processing of emotionally salient
information, as the central dysfunction, offering biological ‘scaffolding’
for negatively biased processing of emotional stimuli. In depression,
an exaggerated response to negative emotional stimuli has been
repeatedly shown in parts of the limbic system, such as the amygdala
and anterior cingulate cortex (ACC), while decreased responses were
observed in dorsolateral prefrontal cortex (dIPFC). This way negative in-
formation processing prevails over positive, which is one of the



40 B.R. Godlewska / Pharmacology & Therapeutics 197 (2019) 38-51

COGNITIVE NEUROPSYCHOLOGICAL MODEL OF
" 4 Ve ANTIDEPRESSANT DRUG ACTION

DEPRESSION [ @g
252 | ADMINISTRATION

Negative
bias in
processing of
emotionally.

salient
information

BIOLOGICAL CHANGES

Limbic and
paralimbic
structures

A
Changes in the molecular ‘scaffolding’

for neural and behavioural bias formation

eural changes

POSITIVE SHIFT in
EMOTIONAL PROCESSING

ioural changes

Hours Day1 Days7-14

vAs
4’?:

Mood improvement:

‘conventional’ ADs (weeks)

LEARNING
of new positive associations following a positive shift
in emotional processing, stimulated by environmental
and social interactions, which needs TIME >
the delay in the antidepressant effect

Balanced
processing
of

4-6 weeks

emotionally

salient
information

[

Mood improvement:

rapid acting ADs (hours)
REDUCTION or ABOLITION

of already existing negative encodings

no environmental interactions needed
> fasteffect

(new hypothesis, needs research)

>

Fig. 1. Schematic presentation of the cognitive neuropsychological model of antidepressant action. Depression is characterized by negative bias in the processing of emotionally salient
information, resulting from the inability of frontal cortices to control overactive limbic structures, responsible for the quick automatic processing of emotionally salient information.
The cognitive neuropsychological model proposes that antidepressants (ADs), by inducing neural and behavioural changes, cause a positive shift in emotional processing, and that this
happens as early as the first few hours and days of treatment. However, in case of ‘classical’ ADs (i.e. the ones that take weeks to induce mood change, such as selective serotonin
reuptake inhibitors (SSRIs) or selective serotonin reuptake inhibitors (SNRIs)), this is insufficient to induce clinical improvement. For that, environmental and social interactions are
needed to stimulate the learning process, leading to the development of new, more positive associations and the translation of changes in emotional bias to improvement in mood.
The model proposes that the time needed for this process explains the delay in the antidepressant effect. The model acknowledges the link between early biological changes and
behavioural and clinical effects of ADs, with a place for continued downstream biological and neuroadaptive processes and a need for repeated administration of ADs. The hypothetical
place of rapid acting ADs within the model is shown below the timeline. Early research allows for a tentative hypothesis that rapid acting ADs may act through reduction or abolition
of negative associations, rather than learning new positive ones, hence no delay in their clinical effect on mood.

important factors in the formation and maintenance of depressed mood
(Rive et al., 2013). This model, most relevant for the cognitive neuropsy-
chological hypothesis, is complemented by other models. For example,
hyperactivity in the default mode network, involved in internally ori-
ented attention and self-referential thinking, might facilitate integration
of negatively biased information (Whitfield-Gabrieli and Ford, 2012).

4. Testing the validity of cognitive neuropsychological hypothesis:
Effect of short-term antidepressant treatment on emeotional
processing and negative bias

Antidepressant treatments have been repeatedly shown to reverse
neural abnormalities characterizing depression (Wessa & Lois, 2015).
One of their key effects is a restoration of the top-down equilibrium,
through attenuation of exaggerated limbic response and a recovery of
an appropriate activity in the frontal structures. In this manner antide-
pressants change the balance in the processing of negative versus posi-
tive stimuli and remove the functional neural ‘scaffolding’ for negative
bias formation. The attenuation of response to emotionally salient stim-
uli was shown to be most robust in the amygdala and ACC, consistent
with the fronto-limbic model of depression and bias formation. Other
structures are also the target of antidepressant medications, including
the insula and striatum. Most studies examining the impact of antide-
pressants employed a longitudinal design, with a baseline assessment
before treatment initiation, and a follow up after 6-12 weeks, corre-
sponding to the time at which therapeutic response is clinically deter-
mined (eg. Sheline et al., 2001, Fu, Steiner, & Costafreda, 2013, Fu
et al., 2007, Williams et al., 2015).

These findings are highly informative about the neural mechanisms
through which antidepressant drugs may exert their effects; however,
they are unable to provide an insight into why there is a delay of
onset of the therapeutic effect. In particular, they cannot answer the
question of whether a positive shift in emotional processing at behav-
ioural and neural levels is a consequence of mood improvement, ie. peo-
ple feel better and therefore negative bias decreases, or if mood
improves as a result of the changes in how the brain processes informa-
tion. The latter possibility, as mentioned above, is the key idea of the
cognitive neuropsychological model, which has been tested in a number
of studies. Initially its validity was explored in healthy volunteers, and
subsequently in depressed subjects. A summary of the behavioural
and functional neuroimaging effects of acute and short-term antide-
pressant administration and non-pharmacological treatments on mea-
sures of emotional processing in healthy volunteers, individuals with
high neuroticism, depressed patients and recovered depressed patients
in shown in Table 1.

4.1. Research in healthy volunteers (unselected population and individuals
with high neuroticism)

Research in healthy volunteers was critical for the disambiguation of
the effect of mood. Most studies included healthy individuals as defined
by no present or past history of mental health disorders, including
depression, while a minority used a different approach, focusing on a se-
lected group of healthy people with high neuroticism scores, who show
neural and cognitive biases in emotional processing, typical for depres-
sion but without other symptoms of the condition, i.e. depressed mood,
memory and executive function deficits. High neuroticism scorers
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Table 1

Effects of acute and short-term antidepressant administration and non-pharmacological treatments on measures of emotional processing in healthy volunteers, individuals with high neu-
roticism, depressed patients and recovered depressed patients: behavioural and functional neuroimaging findings. Arrows indicate increases or decreases in reported measures. Blank
boxes indicate that a measure was not taken. Only significant findings are reported. BOLD response was recorded while viewing emotional facial expressions and arrows indicate decreases
or increases in responses to a given emotion in reported brain structures. Medications given orally unless otherwise stated. Abbreviations: RT, reaction time; R, right, L, left; pos, positive;
neg, negative; HC, healthy controls; RD, recovered depressed; PO, per os, i.e. taken orally; IV, intravenous; Amy, amygdala; OFC, orbito-frontal cortex; MFG, middle frontal gyrus; mPFC,
medial prefrontal cortex; ACC, anterior cingulate cortex; PCC, posterior cingulate cortex; Ins, insula; Hipp, hippocampus.

Study Medication Behavioural findings Functional neuroimaging
and dose findings
Self-referential processing Emotional facial expression Emotion
(attention and memory) (happy, potentiated startle
fear, sadness, anger disgust, response
neutral)
recognition accuracy
Healthy volunteers
Acute studies: testing after a single oral dose or a single infusion (IV) of an antidepressant medication, or a single tDCS session
Harmer, Bhagwagar, et al., Citalopram 1 happy, fear, with shift to
2003 10 mg IV lower intensity levels
Del-Ben et al., 2005 Citalopram | aversive (anger/disgust/fear):
I\% R Amy, R lateral OFC
7.5 mg over 1 aversive: R L fusiform gyrus, R L
7.5 min thalamus
Murphy et al., 2006 Citalopram 1 happy | fear in R Amy
20 mg PO
Browning et al., 2007 Citalopram Attentional visual probe: 1 1 fear 1 irrespective of valence
20 mg attentional bias to positive
words
Anderson et al., 2007 Citalopram | fear: R Amy
v | disgust: L Amy
7.5 mg over 1 disgust: posterior Ins
7.5 min
Bigos et al., 2008 Citalopram 1 general emotional salient
v stimuli (anger/fear/surprise),
20 mg over drug concentration dependent:
30 min Amy
Harmer, Hill, et al., 2003 Reboxetine | RT to pos vs neg, and | recall of 1 happy, with shift to lower
4 mg negative, self-descriptors intensity levels
Miskowiak et al., 2007 Reboxetine 1 RT to pos self-descriptors
4mg
Harmer et al., 2009 Reboxetine | RT to pos self-descriptors 1 happy
4mg
Harmer et al., 2008 Duloxetine 1 in false positives recollection 1 happy, disgust
60 mg
Arnone et al., 2009 Mirtazapine | RT to pos AND neg (marginal), | fear l
15 mg and 1 recall of pos vs neg,
self-descriptors
Rawlings et al., 2010 Mirtazapine | fear, 1 happy: R Amy-Hipp and
15 mg L fronto-striatal regions
| fear vs happy: fusiform gyrus
Komulainen et al., 2016 Mirtazapine | responses to self-referential
15 mg processing: mPFC, ACC
| responses to POS
self-referential processing: PCC,
parietal cortex
Nitsche et al. 2012 tDCS 1 happy, fear (happy more
1 session robust)
Ironside et al., 2016 tDCS Attentional visual probe
1 session (emotional facial expressions):

| attentional vigilance to fear

Short term studies: testing
after 7 days of treatment
unless otherwise stated
Harmer et al., 2004 Citalopram 1 recall of pos vs neg | fear, anger, disgust, surprise | to neg pictures
20 mg self-descriptors
Harmer et al., 2006 Citalopram | fear | fear mPFC (BA 10), L Amy-Hipp
20 mg area (whole-brain)
Bilateral amygdala (ROI)
Murphy, Yiend, et al.,, 2009 Citalopram Attentional visual probe
20 mg (emotional facial expressions):
| attentional vigilance to fear
Harmer et al., 2009 Citalopram | fear Amy-Hipp area, MFG
20 mg
7 to 10 days
Norbury et al., 2009 Citalopram 1 happy L R Amy (ROI)
20 mg
7 to 10 days

(continued on next page)
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Table 1 (continued)

Study Medication Behavioural findings Functional neuroimaging
and dose findings
Self-referential processing Emotional facial expression Emotion
(attention and memory) (happy, potentiated startle
fear, sadness, anger disgust, response
neutral)

recognition accuracy

Healthy volunteers

Maron et al. 2015 Escitalopram | fear: LR Amy, ACC, R MFG
10 mg
Harmer et al., 2004 Reboxetine | RT and 1 recall of pos vs neg | fear, anger 1
4 mg self-descriptors
Norbury et al., 2007 Reboxetine | fear: R Amy
8 mg 1 happy: R fusiform gyrus
Murphy, Yiend, Lester, Reboxetine
Cowen, & Harmer, 2009 8 mg
Murphy et al., 2006 Tryptophan  Attentional visual probe: | 1 happy, | disgust in females | in females only
3g attentional vigilance to negative only
words in females only
Harmer et al., 2011 Agomelatine 1 recall of pos vs neg | sad (25 mg only) | to neg and 1 to pos
25 mg and 50 self-descriptors (25 mg only) pictures (25 and 50 mg)
mg

Individuals with high neuroticism

Di Simplicio, Norbury, et al., 2014 Citalopram 20 mg, 7 days 1 gaze at facial expressions irrespective of valence and intensity
1 pos vs neg, with shift towards lower intensity levels
Di Simplicio, Doallo, et al., 2014 Citalopram 20 mg, 7 days t happy, fear, neutral: Amy
fear vs happy: PFC

Depressed patients (time of treatment reported by individual studies)

Shiroma et al.,, 2014 - (see note Citalopram 1 happy
1) below 10 mg, 7 days
Tranter et al., 2009 - (see note Citalopram 1 happy,
2) below 20 mg, 14 days disgust,
surprise
Godlewska et al., 2012 Escitalopram 10 | fear: R amygdala ROI
mg, 7 days
Godlewska et al., 2016 - (see Escitalopram > | in response to fearful vs happy facial expressions across ACC, Ins, Amy
note 3) below 10 mg, 7 days and thalamus in 6 weeks responders vs non-responders
Komulainen et al., 2018 Escitalopram | self-referential vs non-emotional words: medial fronto-parietal regions
10 mg, 7 days 1 pos vs neg words: mPFC, ACC
Tranter et al., 2009 Reboxetine 1 happy,
4 mg, 14 days disgust,
surprise
Harmer et al., 2009 Reboxetine 4 | RT to, and recall of, pos 1 happy
mg, single dose  self-descriptors
Delaveau et al., 2016 Agomelatine, 7 | self-referential processing: dIPFC
days
Miskowiak, Macoveanu, ECT, single | response to retrieval of positive word: L frontopolar cortex
Jorgensen, Ott, et al., 2018 session
Miskowiak, Macoveanu, ECT, single | response to unpleasant vs. pleasant pictures: mPFC
Jorgensen, Stottrup, et al., session
2018
Brunoni et al., 2014 tDSC, single | neg attentional bias
session | RT neg vs pos words in

emotional Stroop task

Remitted depressed patients

Anderson et al., 2011 Citalopram IV RD vs HC:
7.5 mg over 7.5 min, single infusion | fear RL Amy
1 happy: L ACC
Isad: R posterior Ins, R lateral OFC

HCvs RD:

1 happy R L Hipp
1 sad R anterior Ins

Treatment response prediction:

1) Shiroma et al.,, 2014: Change in emotion processing between baseline and day 7 predicted antidepressant response at day 56 if considered along with perceived level of social support.

2) Tranter et al,, 2009: There was a significant correlation between the increased accuracy in recognition of happy faces over the first two-weeks of treatment and the clinical improve-
ment after six-weeks of treatment.

3) Godlewska et al., 2016: Degree of change in neural processing of fearful vs happy facial expressions across a network of structures including ACC, Ins, Amy and thalamus predicted
response after 6 weeks of treatment.
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because of their cognitive-emotional profile, are good models for an as-
sessment of effect of treatments on biased information processing with-
out the influence of clinically depressed mood.

Numerous behavioural and functional imaging studies in never de-
pressed healthy individuals, showed that commonly used antidepres-
sant medications decreased response to aversive stimuli, mainly fear
but also anger and disgust, and increased processing of positive emo-
tions, without any effect on mood. The changes were observed early
on in the course of treatment, after 7-10 days (eg. Harmer, Shelley,
Cowen, & Goodwin, 2004, Harmer, Mackay, Reid, Cowen, & Goodwin,
2006, Murphy, Yiend, Lester, Cowen, & Harmer, 2009, Maron et al.,
2016), or even after a single dose of medication (eg. Harmer,
Bhagawagar, et al., 2003, Del-Ben et al., 2005, Harmer et al., 2006,
Norbury, Mackay, Cowen, Goodwin, & Harmer, 2007, Anderson et al.,
2007, Browning, Reid, Cowen, Goodwin, & Harmer, 2007, Miskowiak
et al.,, 2007, Bigos et al., 2008, Harmer, Heinzen, O'Sullivan, Ayres, &
Cowen, 2008, Harmer et al., 2009, Murphy, Yiend, et al., 2009, Arnone,
Horder, Cowen, & Harmer, 2009, Norbury et al., 2009, Rawlings,
Norbury, Cowen, & Harmer, 2010, Anderson et al., 2011, Grady et al.,
2013, Komulainen et al., 2016). A robust neural effect was consistently
observed in the amygdala and the ACC, and also seen across a network
of structures, including medial prefrontal cortex (mPFC), insula,
orbito-frontal cortex, striatum, thalamus and dIPFC. A meta-analysis
by Ma (2014) lent support to smaller single studies, showing a decrease
in reactivity to negative facial expressions across a network of brain re-
gions including the amygdala, ACC, putamen, parahippocampal gyrus
and mPFC (Ma, 2014).

The results of behavioural studies were less uniform. One possible
explanation is that tasks assessing behavioural effects of medications
are less sensitive than neural probes. Although recognition of happiness
was shown to increase in some studies, both an increase and decrease in
recognition of negative emotions (fear, disgust and anger) were ob-
served. An increase in fear recognition seemed to be, however, present
for SSRIs only, and only after a single dose of the drug, not after 7 days
(e.g. Harmer, Bhagawagar, et al., 2003, Browning et al., 2007, Grillon,
Levenson, & Pine, 2007, Bigos et al., 2008). This phenomenon may be
linked to the anxiogenic effect of SSRIs, which is a relatively common
side-effect observed at the beginning of treatment, and which usually
subsequently resolves.

This effect of citalopram was explored in a recent PET study (Selvaraj
et al,, 2018). In healthy individuals who received citalopram infusion as
compared to saline there was an enhanced amygdala response to fearful
vs neutral facial expressions. The availability of serotonin type 1A (5-
HT1A) receptors in dorsal raphe nucleus correlated positively with the
effect of citalopram on amygdala response, suggesting a key serotoner-
gic mechanism behind increases in fear processing with SSRIs, and lend-
ing support to a role for 5-HT1A receptors role in mediation of
emotional processing.

Word categorization and emotional recall studies showed, respec-
tively, shortening of response time to, and increased recall of, positive
versus negative words, although some studies yielded no significant ef-
fect at all (Browning et al., 2007; Harmer et al.,, 2008; Miskowiak et al.,
2007; Murphy, Longhitano, Ayres, Cowen, & Harmer, 2006). Both be-
havioural and neural effects were seen across different antidepressants
and their classes, including SSRIs citalopram, escitalopram, and
fluvoxamine, a norepinephrine reuptake inhibitor (NRI) reboxetine, an
SNRI duloxetine, and atypical drugs, such as mirtazapine (Komulainen
et al,, 2016) or agomelatine, a melatonin agonist (Harmer et al., 2004;
Harmer et al., 2011). The importance of this fact and potential applica-
tions will be discussed further in the paper.

Interestingly, in participants with high neuroticism, short-term
citalopram treatment increased processing of all emotions, negative
and positive, perhaps reflecting reduced avoidance of experimental
emotional stimuli. Increased positive emotional recognition after an
acute dose (Jonassen, Chelnokova, Harmer, Leknes, & Landro, 2014)
and increased amygdala response to fearful, happy and neutral

emotions after 7 days of treatment (Di Simplicio, Norbury, et al., 2014)
were all observed. The studies also showed both shorter (Jonassen
et al.,, 2014) and longer (Di Simplicio, Doallo, et al. 2014) gaze mainte-
nance at facial expressions after, respectively, an acute dose and
7 days of treatment. This could be explained by an acute anxiogenic ef-
fect of selective serotonin reuptake inhibitors (SSRIs), as discussed,
followed by its abolishment and consequently improved engagement
with social stimuli.

4.2. Research in depressed individuals

The findings in healthy volunteers have shed light on the early effect
of antidepressants on behavioural and neural processing of emotionally
salient information, without depressed mood acting as a confounder.
The next step was investigating whether there was a causal relationship
of this early change in biases with the later improvement in clinical
symptoms in patients suffering from clinical depression. To address
this question, we designed a functional magnetic resonance imaging
(fMRI) study, which assessed a change in neural response to fearful ver-
sus happy emotional expressions in depressed patients over seven days
of treatment with the SSRI escitalopram (Godlewska, Browning,
Norbury, Cowen, & Harmer, 2016).

Two fMRI assessments were performed, one before treatment was
started and the other after 7 days, with severity of depression being
measured at baseline, after 7 days and 6 weeks of treatment. At baseline,
depressed patients showed a greater activation than healthy individuals
to fearful versus happy faces in the left insula and ACC. After 1 week of
treatment, a decrease in reactivity across the number of structures, in-
cluding the left amygdala, insula, anterior and posterior cingulate, bilat-
eral supramarginal gyri and bilateral thalamus was seen. Importantly, it
was notably greater in individuals who went on to respond to treatment
at 6 weeks, as compared to week 6 non-responders, suggesting that this
early change might be necessary for antidepressant action. Crucially for
the cognitive neuropsychological model, in over 7 days of treatment no
clinically significant change in mood was observed and the difference in
clinical ratings between 6 weeks responders and nonresponders was
not statistically significant, despite the fact that numerically a decrease
in HAMD scores was larger in responders. An inclusion of baseline de-
pression severity and depression change over the first 7 days of treat-
ment as a covariate, had no effect on the fMRI results. Secondary
mediation analysis supported independence of the effect from any in-
fluence of early mood change.

A recently published study (Komulainen et al., 2018) in 32 de-
pressed patients randomized to escitalopram 10 mg or placebo for one
week supported our findings. Similar to our study, assessments were
performed after 7 days of treatment, at which point there were no sig-
nificant differences in mood between the two groups, while changes
at the neural level were observed. In more detail, escitalopram treat-
ment led to a decrease in response of medial fronto-parietal regions to
self-referential emotional words relative to non-emotional control
stimuli, and an increase in the mPFC and ACC to positive relative to neg-
ative words. This again implies a direct effect of escitalopram on emo-
tional processing rather than a direct effect on mood.

Effects of short-term antidepressant treatment on emotional pro-
cessing in depressed individuals were also tested in a number of studies
using behavioural tasks, and their results were consistent with the find-
ings of imaging studies. A single dose of reboxetine was shown to in-
crease recognition of happy facial expressions and recall of positive
versus negative emotional words (Harmer et al., 2009). In another
study, seven days of treatment with 10 mg of citalopram increased rec-
ognition of happy faces (Shiroma et al., 2014), while 14 days' adminis-
tration of both citalopram 20 mg (Tranter et al., 2009) and reboxetine
4 mg (Di Simplicio, Doallo, et al., 2014) was associated with not only
an increase in the recognition of happy faces, but also of disgust and sur-
prise. These changes in emotional processing were seen in the absence
of significant mood change.
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An important question when considering the results of the above
studies is whether observed effects could be attributed to repeated psy-
chological testing rather than to the action of the drug. In the study by
Komulainen et al. (2018) using a placebo-controlled design, the neural
change related to the positive shift in bias was seen only in the
escitalopram group. The drug effect in our study (Godlewska et al.,
2016) was supported by the results from a previous study in which 42
unmedicated depressed patients were randomized to 10 mg
escitalopram daily or placebo (Godlewska, Norbury, Cowen, & Harmer,
2012). After seven days of treatment, the amygdala response to fearful
facial expressions was higher in depressed patients who received pla-
cebo as compared to active treatment, while no difference between
the escitalopram treated group and healthy volunteers was seen. This
suggested that short-term escitalopram treatment had ‘normalised’
the exaggerated amygdala response to fear in the depressed patients.
At this point, as well as at baseline, the escitalopram and placebo treated
groups did not differ in terms of clinical depression scores. The findings
support the notion that escitalopram, but not placebo, affects emotional
processing. Another recent study (Huneke, Walsh, Brown, Browning, &
Harmer, 2017), using a validated battery of emotional processing tasks,
the Emotional Test Battery, compared the effect of placebo to no treat-
ment in healthy participants and showed no significant differences be-
tween the groups on measures of emotional processing. In the same
study, comparison of the above groups to a group treated with
buproprion showed no effect of subjective treatment expectancy on
task performance. This study lends support to the notion that effects ob-
served in the above discussed studies in depressed individuals can be at-
tributed to drug action and not to a placebo effect.

In summary, the above studies, by showing changes in emotional
processing towards a reduction in negative bias early in the course of
treatment, in the absence of mood changes, support the cognitive neu-
ropsychological theory of antidepressant drug action.

4.3. A note on delay in onset of antidepressant action

Until recently it has been widely accepted that antidepressants take
a few weeks to work, and this notion has had a strong influence on de-
signing research projects, the development of clinical guidelines and ev-
eryday clinical practice (Mitchell, 2006). However, the last decade has
witnessed an emergence of studies suggesting that non negligible im-
provement occurs over the first few days of treatment, and that it con-
tinues to build up over the following several weeks (eg. Taylor,
Freemantle, Geddes, & Bhagwagar, 2007). In our studies testing the va-
lidity of the cognitive neuropsychological model in depressed patients,
responders and non-responders did not differ significantly either before
escitalopram was started or after 7 days of treatment, while changes in
emotional processing were already noticeable (Godlewska et al., 2012;
Godlewska et al., 2016). The change in depression scores was not signif-
icantly different between the placebo and antidepressant-treated
groups; in both groups scores decreased after a week of treatment,
and more so numerically in 6 weeks responders. In the context of the
above work on the delay of the onset of antidepressant effect, this
opens an interesting area for exploration within the model. Hypotheti-
cally, it is possible that an early symptomatic improvement may depend
on an even earlier shift in the emotional bias, which gets reinforced over
time in treatment responders. At this point this is purely speculative, as
research on exploring this question in depressed patients is lacking.
However, a shift towards more positive processing of emotional infor-
mation has been observed in healthy volunteers as early as after a single
dose of antidepressants (Harmer, Hill, et al., 2003, Harmer, Bhagwagar,
et al., 2003, Harmer et al., 2008, Harmer et al., 2009, Murphy, Norbury,
et al,, 2009), and one session of electroconvulsive therapy (ECT)
(Miskowiak et al., 2017, Miskowiak et al., 2018, Miskowiak et al.,
2018). This suggests that important changes in emotional processing
may be taking place earlier than after 7 days of treatment, which -
apart from one study (Harmer et al., 2009) -has been the earliest

time-point assessed so far in depressed patients treated with
antidepressants.

Exploring this issue might yield important implications for under-
standing of complex mechanisms underlying antidepressant action,
allowing a better insight into relationships between drugs, biological
and emotional-cognitive changes, and symptomatic improvement.
However, for this to happen, a major shift in how depression is concep-
tualized is required, i.e. a shift from understanding it as a diagnostic en-
tity towards a dimensional approach, allowing a more analytical
approach to symptoms. At this point most research (including our
own studies on early response to medication) still uses diagnostic cate-
gories and general improvement rather than changes in particular
symptoms or their groups, and this is at least to some extent justified
by clinical and translational needs. For patients a ‘time to substantial im-
provement’ is likely to be more important than an ‘onset of action’ and
achieving ‘some treatment response’. At the same time, a better under-
standing of early effects of antidepressants, their mechanisms leading to
such effects and the implications for response prediction may prove
highly useful clinically, and lead to tailored treatments (see a paragraph
on ‘precision psychiatry’ below).

5. Can cognitive neuropsychological model be applied to non-
pharmacological therapies?

A natural question is whether the cognitive neuropsychological
model can be applied to treatments other than pharmacological ones.
Although research exploring an influence of non-pharmacological mo-
dalities on emotional processing is much less abundant than in case of
pharmacological approaches, a few studies suggested that an early
shift in emotional bias may contribute to future treatment effect with
these treatment approaches too.

One of non-pharmacological approaches, used since 1938, and ac-
knowledged as an effective therapy for treatment resistant depression,
is electroconvulsive therapy (ECT). A few recent studies by one group
of researchers revealed the effect of ECT on emotional processing after
just one session. A single ECT session, compared to sham treatment, in
25 treatment resistant patients reduced neural response in the left
frontopolar cortex to positive words in the retrieval-specific phase of
the self-referential emotional word categorization test (Miskowiak,
Macoveanu, Jorgensen, Stattrup, et al., 2018). The authors argued that
this might represent early facilitation of memory for positive self-
referential information and may be one of the mechanisms leading to
mood and self-esteem improvement later in the course of treatment.
In another study (Miskowiak, Macoveanu, Jergensen, Ott, et al., 2018),
a decrease in neural response to unpleasant vs. pleasant pictures in
the medial prefrontal cortex was shown after one ECT session, suggest-
ing modulation of medial prefrontal hyper-activity during encoding of
negative affective information. In an earlier study (Miskowiak et al.,
2017), using facial expression recognition task, no effect on amygdala
reactivity was revealed for fearful vs happy contrast, while a change in
neural response was seen in ECT but not sham treated patients in the
parahippocampus, superior frontal gyrus, and in functional connectivity
between amygdala and occipito-temporal regions. Additionally, a nega-
tive correlation between amygdala - occipital coupling and fear vigi-
lance was observed. The authors emphasized that changes occurred
‘in the absence of differences in mood or behavioural performance be-
tween the groups’. These studies showed a shift in emotional processing
very early in the course of ECT treatment, when no significant clinical ef-
fects were yet noted. This is interesting in the context of the following
early symptomatic response for which ECT is known. Clinical studies
have shown that as many as 80% patients showed >50% decrease in
HAMD after 6 ECT sessions, about 50% of patients already after 3 ECT
sessions, with a small subgroup responding as soon as after one session
(Fink, 2014). How this early improvement might fit with the cognitive
neuropsychological model has not been explored yet. Clinically ECT ap-
pears to have an early impact to decrease psychomotor retardation and
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improve motivation (Browning & Cowen, 1986). It is possible that such
effects could help ‘maximise’ ECT-induced benefits in emotional pro-
cessing by increasing the likelihood that patients will engage in positive
social interactions early in treatment.

Recent years have witnessed a rapid development of non-invasive
brain stimulation techniques, such as transcranial magnetic stimulation
(TMS) and transcranial direct current stimulation (tDCS), both of which
have been shown to be effective treatments for depression (Shiozawa
et al., 2014). TMS and tDCS work through application of, respectively,
a magnetic or electric current through the scalp, with electrodes placed
over dIPFC, aiming at changes in neuronal excitability. Another non-
pharmacological approach, albeit invasive and hence less feasible for
clinical use, is deep brain stimulation (DBS), in which electrodes are im-
planted in the brain (Benabid, Chabardes, Mitrofanis, & Pollak, 2009).

As these are relatively new treatments, not much is known about
their effect on emotional processing. However, a few recent studies
showed that a single session of tDCS was able to reduce the negative
processing bias in the absence of mood changes. For example, in healthy
volunteers an improvement in recognition of both happy and fearful fa-
cial expressions, with more robust effect for positive emotion (Nitsche
etal.,2012), as well as a reduction in attentional vigilance to threatening
stimuli (Ironside, O'Shea, Cowen, & Harmer, 2016), were observed. A
study in a depressed population showed that one tDCS session modified
negative attentional bias and decreased response time for negative vs.
positive words in an emotional Stroop task (Brunoni et al., 2014).
These observations suggest that a single tDCS session is capable of in-
ducing changes in emotional processing both in healthy participants
and depressed patients. Although TMS changes emotional processing
over the course of treatment, its acute effect is not yet elucidated. A
DBS study showed that after 1 month of treatment, categorization of
negative words as self-descriptive decreased; this was associated with
a reduction in the P1 EEG component amplitude, corresponding to re-
duced attentional bias to negative words (Hilimire et al., 2015). After
6 months, there was a correlation between increased control over neg-
ative word, indexed by the P3 EEG component, likely reflecting reduc-
tion in more elaborative processing of negative stimuli, and reduced
depression scores. These observations are of interest; however, the
study concerned was small with only 7 patients included.

Another important group of therapies are talking therapies, with CBT
being used commonly in depression. It is known that over the course of
treatment, CBT leads to a shift in in emotional bias, which is indeed one
of its key treatment goals. It was suggested that, in general terms, CBT
works mainly by increasing top-down control in executive and dorsal
attention networks, but also, although to a lesser extent, by reducing
overreactivity of ventral cortico-limbic structures, the latter being
main mode of action of pharmacological treatments (DeRubeis, Siegle,
& Hollon, 2008; Kalsi et al., 2017). Unfortunately studies investigating
early shifts in emotional processing during CBT are scarce and were ap-
plied to panic disorder (Reinecke, Thilo, Filippini, Croft, & Harmer,
2014), not depression.

More studies in healthy volunteers and depressed patients mirroring
a design used in drug studies, i.e. assessment at baseline, after acute or
short-term treatment, and then at a time when clinical response is usu-
ally seen, are needed. However, the studies performed to date, through
showing that a change in emotional processing predates a clinically sig-
nificant mood effect, suggest that the change in emotional bias may at
least partly underwrite treatment effect of brain stimulation therapeutic
interventions and CBT. This opens a window for further exploration of
the cognitive neuropsychological hypothesis in this context.

6. Can psychological and pharmacological elements be reconciled in
case of rapid-acting glutamatergic treatments for depression?

Ketamine, a non-competitive open channel NMDA (N-methyl-p-as-
partate) antagonist, and an anaesthetic recently repurposed as an anti-
depressant, differs from other antidepressant medications in that it

produces striking mood improvement within hours, often in people
who were previously declared treatment resistant (Berman et al.,
2000). Ketamine seems to share certain neurobiological actions with
other antidepressants; however, the cascade of events is much faster,
starting from a ketamine-triggered increase in glutamatergic neuro-
transmission leading to a rapid increase in extracellular glutamate
levels, increase in brain derived neurotrophic factor (BDNF), changes
in signalling cascades, protein production, and synaptogenesis, followed
by mood improvement in the course of hours (Duman, Aghajanian,
Sanacora, & Krystal, 2016; Li et al., 2010; Rantamadki & Yalcin, 2016).

This rapid antidepressant effect of ketamine poses a challenge to the
application of the cognitive neuropsychological model, which empha-
sises the need for learning processes following a shift in emotional
bias, over a period of time. Although the pattern specific for ketamine
is not yet elucidated, it is known that this agent, similar to other medi-
cations with antidepressant potential, produces a shift in emotional
bias both at behavioural and neural levels (Scheidegger et al., 2016).
Studies showed, for example, a decrease in amygdalo-hippocampal re-
activity to emotional stimuli (Scheidegger et al., 2016) and modulation
of cognition-emotion interaction (Scheidegger, Henning, Walter,
Boeker, et al., 2016).

Recently a plausible explanation has been proposed for how changes
in emotional processing fit both the delayed-onset effect of conven-
tional antidepressants, and the rapid but temporary antidepressant ef-
fect of ketamine (Harmer, Duman, & Cowen, 2017; Stuart, Butler,
Munafo, Nutt, & Robinson, 2015). Experiments in rodents allowed a
comparison of venlafaxine and ketamine on the affective bias associated
with learning, and on the modification of previously acquired biases
(Stuart et al., 2015). It was shown that venlafaxine, but not ketamine, in-
creased acquisition of positive bias (i.e. learning of positive affective in-
formation), while ketamine, but not venlafaxine, attenuated the
previously acquired negative bias (i.e. it abolished memory for previ-
ously acquired negative memory associations). At the neural level, the
ketamine effect was mapped to the mPFC, while that of venlafaxine in-
volved amygdala.

This finding requires replicating, yet it is an intriguing possibility
that while conventional antidepressants might work through the for-
mation of new positive associations, with a necessary step of time-
requiring interactions with the environment, ketamine might be able
to reduce or abolish already existing negative encodings, for which en-
vironmental interactions would not be needed, leading to a faster onset
of clinical effect, which then however dissolves after a few days. In this
context, it might be of interest that recent work showed that prophylac-
tic use of ketamine reduced fear response in mice (McGowan et al.,
2017), and that this action was mediated by ventral CA3 hippocampal
subfield (Mastrodonato et al., 2018). Also, hippocampal neurogenesis,
one of the biological effects of antidepressant drugs, was shown to re-
duce generalization and long-term retention of aversive memories in
animal models (Drew & Huckleberry, 2017). Currently a lot of attention
has been attracted by a newly developed intranasal forms of ketamine,
which may facilitate its clinical use, and hydroxynorketamine, an active
metabolite of ketamine, which acts directly on AMPA receptors and,
while being easier to use, in theory might produce fewer side-effects
(Zarate and Niciu, 2015; Zanos et al., 2016, Zanos, Thompson, Duman,
Zarate Jr, & Gould, 2018). The hypothetical place of rapid acting antide-
pressants within the cognitive neuropsychological model is schemati-
cally presented in Fig. 1.

7. Can response to treatments for bipolar depression be understood
within the frame of the cognitive neuropsychological model?

Impairments in the processing of emotions in bipolar depression
have been covered by excellent reviews (eg. Strakowski et al., 2012)
and their presentation is beyond the scope of this paper. It is however
an intriguing question - whether response to treatments for bipolar de-
pression can be conceptualized within the same frame of the cognitive
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neuropsychological model as response to antidepressants in major de-
pressive disorder. Unfortunately, at this point there is no data that
would allow formulating evidence-based conclusions, and the situation
is further complicated by the uncertain efficacy of conventional antide-
pressant medication, such as SSRIs, in bipolar depression.

In addition, to the author's best knowledge, there have been no stud-
ies testing an impact of broadly understood mood stabilizers (including
lithium, antiepileptics and antipsychotics) on early changes in emo-
tional processing in bipolar individuals. One study in healthy people
showed that 150 mg of quetiapine XL, as compared to placebo, had no
impact on emotional processing in a majority of commonly used tests
(facial expression recognition, emotional word categorization,
emotion-potentiated startle or emotional word/faces dot-probe vigi-
lance reaction time), and the only positive finding related to diminished
bias towards positive words and away from negative words during rec-
ognition memory (Rock, Goodwin, Wulff, McTavish, & Harmer, 2016).
Given a large number of studies suggesting a limited impact of mood-
stabilizing medications on fMRI emotional processing (Hafeman,
Chang, Garrett, Sanders, & Phillips, 2012), it is possible that such treat-
ments exert their effect by other mechanisms. Research in this area is
hampered by practical issues, such as recruitment of unmedicated bipo-
lar individuals, and both ethical and scientific limitations related to ap-
plying a wash-out period.

8. Is reconciliation between biological approaches and cognitive
neuropsychological hypotheses possible?

A number of biological processes have been shown to be triggered
by antidepressant drug application, including changes in monoamine
neurotransmission (Hamon & Blier, 2013), glutamate excitotoxicity
(Olloquequi et al., 2018), gene expression, transcription processes, 5-
HT1A autoreceptor desensitization (Blier and de Montigny, 1998,
Hensler, 2003) and neuroplasticity (Liu, Liu, Wang, Zhang, & Li, 2017),
with a particular role for the BDNF signalling pathway (Castrén &
Kojima, 2017). The time needed for some of these processes to emerge
served as an explanation for the delayed onset of antidepressant effect.
The cognitive neuropsychological theory, while it does not explore mo-
lecular phenomena in detail, proposes them as underpinnings for the
neural changes and relearning processes that result in acute emotional
bias changes being translated into enduring mood improvement.

9. Potential applications of the cognitive neuropsychological theory
9.1. Development of new antidepressant treatments

An intriguing possibility is that the cognitive neuropsychological
theory could be employed in the development of new antidepressants,
and in the repurposing of already existing drugs. The benefits include
a relatively simple, easily applicable design, and - provided that safety
of the drug is established - its use directly in humans, which can be a
more valid approach than using animal models. This way the high in-
vestment needed in drug discovery, unavoidable during the early clini-
cal phases of drug development, could be directed towards most
promising agents.

For this to happen it needs to be shown that the cognitive neuropsy-
chological model allows for the differentiation of drugs with and with-
out an antidepressant potential. The finding that a shift in emotional
bias was present across different antidepressant classes, including
SSRIs (citalopram and escitalopram), SNRIs (duloxetine), NRIs
(reboxetine) and atypical antidepressants (mirtazapine and
agomelatine), has been critical for moving this hypothesis forward.

There are also a limited number of studies which suggest that drugs
lacking an ability to positively bias emotional processing in humans are
likely to fail as useful clinical antidepressants. For example, a single dose
of memantine, an NMDA antagonist used in Alzheimer's disease treat-
ment, whose antidepressant potential was suggested by animal studies

and an open-label trial, had no effect on emotional processing including
facial emotion recognition and attentional vigilance to emotional words,
while it enhanced the startle response (Pringle et al., 2012; Sani et al.,
2012). In line with this, in randomized controlled trials memantine
failed to produce an antidepressant effect (Zarate and Niciu, 2015).

The neurokinin 1 (NK1) receptor antagonist aprepitant was another
medication that attracted attention as a potential antidepressant agent
because of promising effects in animal models of depression. It received
however mixed support from clinical trials, which hampered its pro-
gression into a licensed antidepressant medication (Keller et al., 2006;
Kramer et al., 2004). Inconsistent clinical findings were mirrored by un-
clear results of emotional processing tests (McCabe, Cowen, & Harmer,
2009, Chandra et al., 2010; Pringle, McTavish, et al., 2011; Harmer
et al,, 2013). For example, aprepitant enhanced the neural response in
the ACC and amygdala to happy, but not fearful faces (McCabe et al.,
2009); it increased recognition of happy faces and vigilance towards
all emotional words, but had no impact on recognition of negative emo-
tions, including fear; no effect on categorization or memory of emo-
tional words was shown (Chandra et al., 2010).

Rimonabant is an inverse agonist of the cannabinoid receptor CB1
used as an antiobesity drug. Rimonabant is an interesting example
how changes in emotional processing opposite to those characterizing
clinically effective antidepressants, may indicate that a drug may actu-
ally have untoward effects on mood. In behavioural tests rimonabant
was shown to reduce positive bias in healthy people, impairing recall
of positive, while preserving that of negative words (Horder, Cowen,
Di Simplicio, Browning, & Harmer, 2009), and reducing the number of
false recollections of positive words (Horder, Browning, Di Simplicio,
Cowen, & Harmer, 2012). This effect was observed both after a single
dose and 7 days of treatment. Interestingly, rimonabant was removed
from the market following reports of a high incidence of depressive
symptoms, including suicidal ideation, in those who used it
(Christensen, Kristensen, Bartels, Bliddal, & Astrup, 2007). This suggests
that negative changes in emotional bias might be useful to detect drugs
that carry an increased risk of causing depression during their clinical
use.

The model is promising, however, it needs to be better explored be-
fore its routine application to drug discovery, as is highlighted by con-
fusing results produced for lanicemine (AZD6765). Lanicemine is a
low trapping non-selective N-methyl-p-aspartate (NMDA) receptor an-
tagonist, which initially suggested a similar antidepressant effect to that
of ketamine while producing fewer dissociative side-effects (Newport
et al,, 2015). However, despite possession of an antidepressant profile
in neuropsychological studies (a decrease in amygdala responses during
negative facial expression processing, and an increase in positive mem-
ory intrusions 24 h post-infusion), inconsistent antidepressant effects
were apparent and drug development did not progress beyond phase
Ila (Harmer et al., 2017; Sanacora et al., 2014; Sanacora et al., 2017).
As noted, although studies researching mechanisms of ketamine's effect
on emotional processing are still scarce, findings open the possibility
that glutamatergic agents exert their antidepressant effect through dif-
ferent psychological mechanisms than primarily serotonergic and nor-
adrenergic drugs (i.e. transient ‘forgetting’ negative associations rather
than learning new positive ones) (Stuart et al., 2015). If so, although
standard emotional processing tests may indeed show early changes,
they may be misleading in indicating a robust long term antidepressant
effect. This warrants further research on this group of drugs.

An important issue to be taken into account is that additional factors
may influence the effectiveness of the cognitive neuropsychological
model. For example, it was shown that increased pretreatment dIPFC re-
activity predicted the level of clinical improvement with antidepressant
treatment but only in individuals with no history of childhood abuse
(Miller et al., 2015), while in a late-life depression study, only patients
perceiving their social circumstances as good, improved with antide-
pressant treatment (Shiroma et al., 2014). This means that contextual
factors may have a significant effect on whether changes in emotional
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bias are translated into clinical benefit. Thus the model might lack ro-
bust predictive value if accidentally patients with a certain feature pre-
vail in the tested group.

Another opportunity offered by the model is the development of
non-drug based cognitive interventions that would decrease negative
bias, resulting in attenuation of depression risk. In support of this hy-
pothesis, a computerized attentional bias modification was shown to
decrease residual symptoms and the cortisol awakening response in re-
mitted depressed patients, considered to be measures of recurrence risk
in this group (Browning et al., 2012). Longitudinal studies are needed to
assess validity of this approach.

9.2. Treatment response prediction and treatment stratification

Another important clinical application of the model is prediction of
response to treatment. The need for biomarkers of response is urgent,
given the burden of depression and the fact that even in the best case
scenario, due to the delay of onset of the clinical effect, depressed indi-
viduals are required to wait a number of weeks before their mood im-
proves significantly, and this period gets extended to months or even
years for those who need multiple treatment attempts (Warden et al.,
2007). Early treatment biomarkers could guide a choice between phar-
macotherapy or psychotherapy, classes of medications, or, in the ideal
world, point to an individual drug most likely to benefit a given patient.

Much research work over the past two decades has focused on iden-
tifying biomarkers of therapeutic response, however, no marker can yet
be clinically applied. Presently, increased pretreatment reactivity of the
pregenual ACC (pgACC) seems to be the most robust indicator of good
future response across a variety of treatments - CBT, sleep deprivation,
and different classes of antidepressants, regardless of the imaging tech-
nique and analytical approach used (Pizzagalli, 2011, Fu et al., 2013).
Our recent studies have added to this body of evidence by showing
that both baseline pgACC over-reactivity to emotional stimuli
(Godlewska et al., 2018) and a decrease in this reactivity after 7 days
of treatment (Godlewska et al., 2016) were indicative of treatment re-
sponse after 6 weeks of escitalopram. Although a decrease in the
pgACC activity was previously observed in responders over 6-8 weeks
of treatment (Arnone, 2018), our study provides evidence for an early
change in the pgACC activity. As a general response indicator, pregenual
ACC reactivity may not be helpful in a choice of a particular treatment;
however, it may be useful when identifying people with a poor progno-
sis who need a more intense therapeutic approach from the very begin-
ning of therapy.

Interestingly, activity of the pgACC may also be relevant to the clin-
ical response to glutamatergic antidepressants. Thus findings of a recent
study (Downey et al., 2016) suggest that increased ACC reactivity may
be necessary for treatment response. The authors reported that symp-
tom reduction at 1 and 7 days after an infusion of the glutamatergic
compounds, ketamine and lanicemine, was only present in depressed
individuals in whom pgACC activity increased as a result of this infusion.
It was suggested that glutamatergic drugs might act initially by
switching the ACC into a treatment-responsive mode, in which state it
would be able to restore balance between dorsal cognitive and ventral
emotional processing pathways.

The relevance of pgACC for treatment response is likely to originate
from its central position within neural circuits involved in emotional
and cognitive processing (Stevens et al., 2011). With its widespread an-
atomical and functional connections with the limbic system (emotional
processing), ventral striatum (reward processing), hypothalamus (au-
tonomic function) and dIPFC (cognitive control), pgACC represents a
crucial hub for the correct top-down regulation of initial limbic re-
sponses; it is also one of the main hubs within the default mode net-
work (DMN). Increased pre-treatment pgACC activity has been
suggested to reflect more preserved fronto-cingulate function, with a
greater ability for increased effort to provide top-down regulation of

limbic regions; this increased activity would also favour adaptive self-
referential processing over depressive brooding (Pizzagalli, 2011).

Such a functional state could create a ‘platform’ favouring treatment
response over non-response. A difference in the extent of change in
neural responsivity to fearful vs happy facial expressions after 7 days
of escitalopram treatment between 6 weeks responders and non-
responders shown in our study (Godlewska et al., 2016) was not re-
stricted to the pgACC but also present across the number of other struc-
tures (amygdala, insula, posterior cingulate, supramarginal gyri and
thalamus). In the light of this observation, it may be hypothesized that
a decrease in the pgACC reactivity could be linked to normalization of
the activity in other structures, in particular the amygdala, which
would remove the need for increased pgACC activity.

The cognitive neuropsychological model, by exploring a specific
mechanism of antidepressant action, offers an alternative way of
predicting treatment response. If an early change in emotional process-
ing bias is crucial for antidepressant effect, it means that the lack of this
effect should be related to lack of subsequent clinical response. Research
in patients with depression supported this hypothesis. Results of our re-
cent study (Godlewska et al., 2016), were consistent with earlier behav-
ioural studies (Shiroma et al.,, 2014; Tranter et al., 2009). Tranter et al.
(2009) showed that two weeks of treatment with an SSRI citalopram
or the NRI reboxetine led to an improvement in the recognition of facial
expressions of happiness, disgust, and surprise, with no further change
from week 2 to week 6. Importantly, the extent of the improvement in
the happy emotion recognition correlated with the clinical improve-
ment after 6 weeks of treatment and was predictive of treatment out-
come. Shiroma et al. (2014) in 72 patients with late-life depression
treated with citalopram for eight weeks showed that after seven days
of treatment, accuracy of happy emotion recognition predicted treat-
ment response and remission at day 56, when considered along with
perception of social support.

These studies in depressed patients indicate that an early change in
emotional processing may be indeed one of the crucial events necessary
for achieving response to antidepressant drugs. More research is needed
to replicate these findings, and to investigate whether there may be dif-
ferences specific to drug classes or individual treatments. A shift in emo-
tional bias was observed after a single dose of treatment in healthy
volunteer studies, and it is an intriguing possibility that a change after
just one drug administration could be predictive of treatment response
in depressed patients. Such studies have not been yet conducted.

Recent work shows a promise for more specific discriminatory ef-
fects. For example, a potential for discriminating between responders
to pharmacotherapy or CBT was shown for baseline anterior insula
metabolism (McGrath et al,, 2013) or resting state functional connec-
tivity (Dunlop, Rajendra, Craighead, & Mayberg, 2017). As currently
people with depression are usually offered a pharmacological
treatment first, knowing that some people are more likely to benefit
from CBT would accelerate their access to the appropriate treatment.
Some recent work also shows that markers of differential response
to antidepressant classes, such as SSRIs and SNRIs (Gyurak et al.,
2016), or even drugs within one class, such as escitalopram and ser-
traline as in case of the study by Williams et al. (2015), may be
identified.

The notion that specific symptom groups may be particularly re-
sponsive to drugs that primarily target the putative mechanisms
through which these symptoms develop, and its value for treatment
management and drug development, has been explored within the cog-
nitive neuropsychological model. Evidence-based theories propose that
abnormal 5-HT neurotransmission may be primarily linked to the de-
velopment of negative affect, experienced as sadness, while NA and do-
paminergic (DA) dysfunction - to a loss of positive affect and anhedonia.
NA neurotransmission has been suggested to be crucial for modulation
and enhancement of memories with emotional content, and as a conse-
quence, that its dysfunction may have a negative impact on formation
and maintenance of the positive affect (Pringle, McTavish, et al., 2011).
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It has been proposed that drugs primarily enhancing 5-HT neuro-
transmission may act through decreasing negative affect, while those
enhancing NA neurotransmission - often considered to be more effec-
tive than SSRIs against anhedonia and positive affect loss - may act by
upregulating positive aspects of emotional processing (Pringle,
Browning, et al.,, 2011). In line with this, the majority of studies testing
the cognitive neuropsychological model in both healthy and depressed
volunteers showed an early decrease in fear recognition and amygdala
reaction to fearful faces following treatment with SSRIs citalopram
and escitalopram, while an increase in the recognition of happy facial
expressions was seen in those treated with an NRI reboxetine (see
Table 1 for details). Only the minority of studies showed different effects
(Table 1). This may have some practical implications. The findings sup-
port the importance of the personalized therapeutic approach and
choice of treatments targeting prominent symptoms and their putative
mechanisms of action. They may also play a role in new drug develop-
ment, especially in case of compounds which mechanisms are not
clearly understood. For example, if a new compound exerts a certain ef-
fect on emotional processing, it may suggest its potential usefulness
against particular groups of symptoms. This hypothesis certainly
needs more work but if proven correct, it would open an exciting possi-
bility of using a simple emotional processing task to help identifying
compounds worth time and resources needed for its development
into clinically useful medications.

One of the frequently raised limitations to applying neuroimaging
as a treatment biomarker in a clinical setting is the cost of this proce-
dure, which would be doubled if two scans were needed: one at a
baseline and one after a few days of treatment. In that sense a single
baseline marker of response, as tested in most studies, might be a
preferable alternative. There is however a possibility that a baseline
scan might not be necessary and that neural activity after a few
days alone might be sufficiently informative of future treatment re-
sponse. Indeed, in our study (Godlewska et al., 2016), differences at
one week alone predicted response to escitalopram after 6 weeks.
These predictors were seen across the same regions whose activity
changed over 7 days of treatment (insula, thalamus, amygdala svc,
thalamus and cingulate). In any case, given that depression is one of
the economically burdensome health conditions, the scan costs are
negligible compared to costs of absences from work and lower pro-
ductivity, which could be saved if targeted treatment was started
early; and this without even speaking about the personal burden to
the individuals and their families.

10. Precision psychiatry and the cognitive neuropsychological
model

A better understanding of the mechanisms of action of antidepres-
sants and response prediction fits into the increasingly emphasized
need for ‘precision psychiatry’. This concept embraces the notion of
wide individual differences between patients depending on variability
in genes, environment and lifestyle, which translates into variability in
their needs and a necessity for a choice of interventions for which a like-
lihood of achieving responses will be high (Fernandes et al. 2017). Al-
though psychiatry attempts to be ‘personal’, ‘precision’ in diagnosis
and treatment has not been yet achieved.

An increased emphasis is currently placed on shifting the research
focus from clinical diagnoses to domains defined by current under-
standing of biological (for example, genetic, molecular, cellular and neu-
ral) and behavioural underpinnings of emotion, cognition, motivation,
and social behaviour, with an acknowledgement of the role for environ-
mental factors and space for subjective experience (for example, Re-
search Domain Criteria (RDoC)) (Insel, 2014). Such an approach may
subsequently lead to reformulation of what mental health conditions
are and in time provide space for diagnostic and therapeutic approaches
targeting specific pathologies in a very precise manner. This process has
only just began, but new technological and analytical developments and

new ways to conceptualize mental health problems, with intense re-
search work taking place, suggest that this may change in the foresee-
able future (Fu & Costafreda, 2013).

Recent work described in the section 9.2 presented some of the im-
portant recent neuroimaging contributions to this growing field, al-
though the list is by no means exhaustive (eg. see Williams et al.,
2015). The cognitive neuropsychological model contributes an impor-
tant role in the field, providing a new angle from which response to an-
tidepressant treatments can be explored, as well as a more complex
understanding of the events during the first few days of treatment
both at the neural and behavioural level. As described above, it already
allowed some insight into changes in the processing of specific emo-
tions under the influence of particular drugs classes (ie. primarily
targeting certain neurotransmitters), and attempts have been made to
conceptualize this in the context of its meaning for clinical practice.
Early changes in emotional processing have been shown to be predic-
tive of future treatment response in depressed patients (Godlewska
et al., 2016).

This is promising, however, more studies in depressed individ-
uals are necessary to explore the potential of the model to best fit
the demands of everyday clinical practice. For example, it will be
important to explore at which time-point changes in emotional
processing become informative of future response, to define
which characteristics of these changes may be indicative of partic-
ular classes of drugs - or indeed individual medications - being ef-
fective for an individual, depending on the profile of their
symptoms, and to explore early changes in emotional processing
in the relation to symptom dimensions, and time-points when par-
ticular symptoms start responding. In order to facilitate clinical im-
plementation of the findings it would be useful to explore
differences in sensitivity of neural measurements of emotional pro-
cessing and out-of-scanner assessments; the latter would be more
easily applicable and hence more useful in clinical scenarios. A nec-
essary further step to fulfil the criteria of ‘precision psychiatry’ is an
integration of findings with those from other models exploring
emotional and cognitive processing in depression (Malhi et al.,
2015), as well as with data from other fields, such as genetics.

Before this happens, the use of traditional diagnostic categories is
still useful, and indeed may be necessary in the clinical settings, to pro-
vide as good management of depression as it is possible with currently
available tools. Acceptance of new ways of managing depression — and
other psychiatric conditions - will largely depend on how convincing
and applicable scientific findings are, hence intense work in this crucial
area is warranted.

11. Conclusions

The cognitive neuropsychological model offers a novel approach
to understanding how antidepressant drugs exert their effect. By
combining biological and neural approaches, and exploring the con-
cept of the bias in emotional processing at the behavioural and neu-
ral level, it offers a plausible explanation for the delay in
antidepressant drug action and is a step forward in developing the
individualized approach to treatment. The practical application re-
quires further work to address important questions about the kind
of changes necessary for the clinical effect and the correlation be-
tween the extent of changes and the intensity of antidepressant re-
sponses. Rapid developments of computational methods (Adams,
Huys, & Roiser, 2016) hold a promise for the development of algo-
rithms that can be useful in refining of the understanding of emo-
tional processing inputs and applied in the clinical settings, for
example, to match patients to specific treatments (Fu & Costafreda,
2013; Warren et al., 2015). Translation of the findings into clinically
applicable and useful tests for depressed patients would be a trans-
formational step in treatment.



B.R. Godlewska / Pharmacology & Therapeutics 197 (2019) 38-51 49

Conflict of interest statement

Dr. B R Godlewska's salary is supported by Medical Research Council.
She has received travel expenses from Janssen UK.

Acknowledgments

The author would like to thank Prof. Philip ] Cowen and Prof. Cather-
ine J. Harmer for fruitful discussions regarding the content of this paper.
Dr. B R Godlewska's salary is supported by Medical Research Council.

References

Adams, R. A, Huys, Q. ]., & Roiser, ]. P. (2016). Computational Psychiatry: Towards a math-
ematically informed understanding of mental illness. Journal of Neurology,
Neurosurgery, and Psychiatry 87, 53-63.

Anderson, I. M., Del-Ben, C. M., McKie, S., Richardson, P., Williams, S. R., Elliott, R., &
Deakin, J. F. (2007). Citalopram modulation of neuronal responses to aversive face
emotions: A functional MRI study. Neuroreport 18, 1351-1355.

Anderson, I. M., Juhasz, G., Thomas, E., Downey, D., McKie, S., Deakin, ]. F., & Elliott, R.
(2011). The effect of acute citalopram on face emotion processing in remitted depres-
sion: A pharmacoMRI study. European Neuropsychopharmacology 21, 140-148.

Arnone, D. (2018) Functional MRI findings, pharmacological treatment in major depres-
sion and clinical response. Progress in Neuro-Psychopharmacology & Biological Psy-
chiatry. pii: S0278-5846(18) 30128-3. doi: https://doi.org/10.1016/j.pnpbp.2018.08.
004.

Arnone, D., Horder, J., Cowen, P. J., & Harmer, C. . (2009). Early effects of mirtazapine on
emotional processing. Psychopharmacology 203, 685-691.

Beck, A. T. (1967). Depression: Causes and treatment. Philadelphia: University of Pennsyl-
vania Press.

Beck, A. T. (1976). Cognitive Therapy and the Emotional Disorders. New York: Int. Univ
Press.

Benabid, A. L., Chabardes, S., Mitrofanis, ]., & Pollak, P. (2009). Deep brain stimulation of
the subthalamic nucleus for the treatment of Parkinson's disease. Lancet Neurology
8,67-81.

Berman, R. M., Cappiello, A., Anand, A., Oren, D. A., Heninger, G. R., Charney, D. S., &
Krystal, J. H. (2000). Antidepressant effects of ketamine in depressed patients.
Biological Psychiatry 15, 351-354.

Bigos, K. L., Pollock, B. G., Aizenstein, H. ]., Fisher, P. M., Bies, R. R., & Hariri, A. R. (2008).
Acute 5-HT reuptake blockade potentiates human amygdala reactivity.
Neuropsychopharmacology 33, 3221-3225.

Blier, P., & de Montigny, C. (1998). Possible serotonergic mechanisms underlying the an-
tidepressant and anti-obsessive-compulsive disorder responses. Biol Psychiatry 44,
313-323.

Browning, M., Grol, M., Ly, V., Goodwin, G. M., Holmes, E. A., & Harmer, C. J. (2011). Using
an experimental medicine model to explore combination effects of pharmacological
and cognitive interventions for depression and anxiety. Neuropsychopharmacology
36, 2689-2697.

Browning, M., Holmes, E. A, Charles, M., Cowen, P. ]., & Harmer, C. J. (2012). Using atten-
tional bias modification as a cognitive vaccine against depression. Biological
Psychiatry 72, 572-579.

Browning, M., Reid, C., Cowen, P.]., Goodwin, G. M., & Harmer, C.]. (2007). A single dose of
citalopram increases fear recognition in healthy subjects. Journal of
Psychopharmacology 21, 684-690.

Browning, S. M., & Cowen, P. . (1986). Changes in mood, appetite and psychomotor retar-
dation in depressed patients given ECT. The British Journal of Psychiatry 149, 371-373.

Brunoni, A. R, Zanao, T. A., Vanderhasselt, M. A., Valiengo, L., de Oliveira, . F.,, Boggio, P. S.,
.. Fregni, F. (2014). Enhancement of affective processing induced by bifrontal trans-
cranial direct current stimulation in patients with major depression.
Neuromodulation 17, 138-142.

Castrén, E., & Kojima, M. (2017). Brain-derived neurotrophic factor in mood disorders and
antidepressant treatments. Neurobiology of Disease 97, 119-126.

Chandra, P., Hafizi, S., Massey-Chase, R. M., Goodwin, G. M., Cowen, P. ]., & Harmer, C. J.
(2010). NK1 receptor antagonism and emotional processing in healthy volunteers.
Journal of Psychopharmacology 24, 481-487.

Christensen, R., Kristensen, P. K., Bartels, E. M., Bliddal, H., & Astrup, A. (2007). Efficacy and
safety of the weightloss drug rimonabant: A meta-analysis of randomised trials.
Lancet 370, 1706-1713.

Delaveau, P., Jabourian, M., Lemogne, C., Allaili, N., Choucha, W., Girault, N., ... Fossati, P.
(2016). Antidepressant short-term and long-term brain effects during self-
referential processing in major depression. Psychiatry Research: Neuroimaging 30
(247), 17-24. https://doi.org/10.1016/j.pscychresns.2015.11.007.

Del-Ben, C. M., Deakin, J. F., McKie, S., Delvai, N. A,, Williams, S. R., Elliott, R., ... Anderson, L.
M. (2005). The effect of citalopram pretreatment on neuronal responses to neuropsy-
chological tasks in normal volunteers: An fMRI study. Neuropsychopharmacology 30,
1724-1734.

DeRubeis, R. ], Siegle, G. ]., & Hollon, S. D. (2008). Cognitive therapy versus medication for
depression: Treatment outcomes and neural mechanisms. Nature Reviews.
Neuroscience 9, 788-796.

Di Simplicio, M., Doallo, S., Costoloni, G., Rohenkohl, G., Nobre, A. C., & Harmer, C.]. (2014).
Can you look me in the face?’ Short-term SSRI administration reverts avoidant ocular

face exploration in subjects at risk for psychopathology. Neuropsychopharmacology
39, 3059-3066.

Di Simplicio, M., Norbury, R., Reinecke, A., & Harmer, C. J. (2014). Paradoxical effects of
short-term antidepressant treatment in fMRI emotional processing models in volun-
teers with high neuroticism. Psychological Medicine 44, 241-252.

Downey, D., Dutta, A., McKie, S., Dawson, G. R., Dourish, C. T., Craig, K., ... Deakin, ]. F.
(2016). Comparing the actions of lanicemine and ketamine in depression: Key role
of the anterior cingulate. European Neuropsychopharmacology 26, 994-1003. https://
doi.org/10.1016/j.euroneuro.2016.03.006.

Drevets, W. C. (2001). Neuroimaging and neuropathological studies of depression: Impli-
cations for the cognitive-emotional features of mood disorders. Current Opinion in
Neurobiology 11, 240-249.

Drew, M. R., & Huckleberry, K. A. (2017). Modulation of aversive memory by adult hippo-
campal neurogenesis. Neurotherapeutics 14, 646-661.

Duman, R., Aghajanian, A., Sanacora, G., & Krystal, J. (2016). A synaptic hypothesis of de-
pression: New insights from studies of stress systems and rapid-acting antidepres-
sant. Nature Medicine 22, 238-249.

Dunlop, B. W., Rajendra, J. K., Craighead, W. E., & Mayberg, H. S. (2017). Functional con-
nectivity of the subcallosal cingulate cortex and differential outcomes to treatment
with cognitive-behavioral therapy or antidepressant medication for major depressive
disorder. The American Journal of Psychiatry, 174.

Fernandes, B. S., Williams, L. M., Steiner, J., Leboyer, M., Carvalho, A. F., & Berk, M. (2017).
The new field of "precision psychiatry'. BMC Med 15, 80.

Fink, M. (2014). What was learned: Studies by the consortium for research in ECT (CORE)
1997-2011. Acta Psychiatrica Scandinavica 129, 417-426. https://doi.org/10.1111/
acps.12251.

Fu, C. H,, Steiner, H., & Costafreda, S. G. (2013). Predictive neural biomarkers of clinical re-
sponse in depression: A meta-analysis of functional and structural neuroimaging
studies of pharmacological and psychological therapies. Neurobiology of Disease 52,
75-83.

Fu, C. H,, Williams, S. C., Brammer, M. ]., Suckling, J., Kim, ]., Cleare, A. ]., Walsh, N. D.,
Mitterschiffthaler, M. T., Andrew, C. M., Pich, E. M., Bullmore, E. T, et al. (2007). Neu-
ral responses to happy facial expressions in major depression following antidepres-
sant treatment. The American Journal of Psychiatry 164, 599-607.

Fu, C. H. Y., & Costafreda, S. G. (2013). Neuroimaging-based biomarkers in psychiatry:
Clinical opportunities of a paradigm shift. Canadian Journal of Psychiatry 58, 499-508.

Godlewska, B. R., Browning, M., Norbury, R., Cowen, P. ]., & Harmer, C. J. (2016). Early
changes in emotional processing as a marker of clinical response to SSRI treatment
in depression. Translational Psychiatry 6, e957.

Godlewska, B. R., Norbury, R., Cowen, P. ]., & Harmer, C. J. (2012). Short-term SSRI treat-
ment normalizes amygdala hyperactivity in depressed patients. Psychiatric Medicine
41, 2609-2617.

Godlewska, B. R., Browning, M., Norbury, R., Igoumenou, A., Cowen, P. J., & Harmer, C. ]
(2018). Predicting Treatment Response in Depression: The Role of Anterior Cingulate
Cortex. Int | Neuropsychopharmacol 21, 988-996.

Gotlib, I. H., & Joormann, J. (2010). Cognition and depression: Current status and future
directions. Annual Review of Clinical Psychology 6, 285-312.

Grady, C. L, Siebner, H. R., Hornboll, B., Macoveanu, ]., Paulson, O. B., & Knudsen, G. M.
(2013). Acute pharmacologically induced shifts in serotonin availability abolish
emotion-selective responses to negative face emotions in distinct brain networks.
European Neuropsychopharmacology 23, 368-378.

Grillon, C,, Levenson, J., & Pine, D. S. (2007). A single dose of the selective serotonin reup-
take inhibitor citalopram exacerbates anxiety in humans: A fear-potentiated startle
study. Neuropsychopharmacology 32, 225-231.

Gyurak, A., Patenaude, B., Korgaonkar, M. S., Grieve, S. M., Williams, L. M., & Etkin, A.
(2016). Frontoparietal activation during response inhibition predicts remission to an-
tidepressants in patients with major depression. Biological Psychiatry 79, 274-281.

Hafeman, D. M., Chang, K. D., Garrett, A. S., Sanders, E. M., & Phillips, M. L. (2012). Effects of
medication on neuroimaging findings in bipolar disorder: An updated review. Bipolar
Disorders 14, 375-410. https://doi.org/10.1111/j.1399-5618.2012.01023.x.

Hamon, M., & Blier, P. (2013). Monoamine neurocircuitry in depression and strategies for
new treatments. Progress in Neuro-Psychopharmacology & Biological Psychiatry 45,
54-63.

Harmer, C. J., Bhagwagar, Z., Perrett, D. I., Vollm, B. A., Cowen, P. ]., & Goodwin, G. M.
(2003). Acute SSRI administration affects the processing of social cues in healthy vol-
unteers. Neuropsychopharmacology 28, 148-152.

Harmer, C. J., Dawson, G. R., Dourish, C. T., Favaron, E., Parsons, E., Fiore, M., ... Goodwin, G.
M. (2013). Combined NK, antagonism and serotonin reuptake inhibition: Effects on
emotional processing in humans. Journal of Psychopharmacology 27, 435-443.

Harmer, C. J., de Bodinat, C., Dawson, G. R., Dourish, C. T., Waldenmaier, L., Adams, S.,
... Goodwin, G. M. (2011). Agomelatine facilitates positive versus negative affec-
tive processing in healthy volunteer models. Journal of Psychopharmacology 25,
1159-1167.

Harmer, C. J., Duman, R. S., & Cowen, P. ]. (2017). How do antidepressants work? New
perspectives for refining future treatment approaches. Lancet Psychiatry 4,
409-418.

Harmer, C. ], Heinzen, J., O'Sullivan, U., Ayres, R. A, & Cowen, P. J. (2008). Dissociable ef-
fects of acute antidepressant drug administration on subjective and emotional pro-
cessing measures in healthy volunteers. Psychopharmacology 199, 495-502.

Harmer, C. ], Hill, S. A, Taylor, M. J,, Cowen, P. J., & Goodwin, G. M. (2003). Toward a neu-
ropsychological theory of antidepressant drug action: Increase in positive emotional
bias after potentiation of norepinephrine activity. The American Journal of Psychiatry
160, 990-992.

Harmer, C. J., Mackay, C. E., Reid, C. B,, Cowen, P. ]., & Goodwin, G. M. (2006). Antidepres-
sant drug treatment modifies the neural processing of nonconscious threat cues.
Biological Psychiatry 59, 816-820.


http://refhub.elsevier.com/S0163-7258(18)30232-8/rf0005
http://refhub.elsevier.com/S0163-7258(18)30232-8/rf0005
http://refhub.elsevier.com/S0163-7258(18)30232-8/rf0005
http://refhub.elsevier.com/S0163-7258(18)30232-8/rf0010
http://refhub.elsevier.com/S0163-7258(18)30232-8/rf0010
http://refhub.elsevier.com/S0163-7258(18)30232-8/rf0015
http://refhub.elsevier.com/S0163-7258(18)30232-8/rf0015
https://doi.org/
https://doi.org/
http://refhub.elsevier.com/S0163-7258(18)30232-8/rf0020
http://refhub.elsevier.com/S0163-7258(18)30232-8/rf0020
http://refhub.elsevier.com/S0163-7258(18)30232-8/rf0025
http://refhub.elsevier.com/S0163-7258(18)30232-8/rf0025
http://refhub.elsevier.com/S0163-7258(18)30232-8/rf0030
http://refhub.elsevier.com/S0163-7258(18)30232-8/rf0030
http://refhub.elsevier.com/S0163-7258(18)30232-8/rf0035
http://refhub.elsevier.com/S0163-7258(18)30232-8/rf0035
http://refhub.elsevier.com/S0163-7258(18)30232-8/rf0035
http://refhub.elsevier.com/S0163-7258(18)30232-8/rf0040
http://refhub.elsevier.com/S0163-7258(18)30232-8/rf0040
http://refhub.elsevier.com/S0163-7258(18)30232-8/rf0050
http://refhub.elsevier.com/S0163-7258(18)30232-8/rf0050
http://refhub.elsevier.com/S0163-7258(18)30232-8/rf8197
http://refhub.elsevier.com/S0163-7258(18)30232-8/rf8197
http://refhub.elsevier.com/S0163-7258(18)30232-8/rf8197
http://refhub.elsevier.com/S0163-7258(18)30232-8/rf0055
http://refhub.elsevier.com/S0163-7258(18)30232-8/rf0055
http://refhub.elsevier.com/S0163-7258(18)30232-8/rf0055
http://refhub.elsevier.com/S0163-7258(18)30232-8/rf0055
http://refhub.elsevier.com/S0163-7258(18)30232-8/rf0060
http://refhub.elsevier.com/S0163-7258(18)30232-8/rf0060
http://refhub.elsevier.com/S0163-7258(18)30232-8/rf0060
http://refhub.elsevier.com/S0163-7258(18)30232-8/rf0065
http://refhub.elsevier.com/S0163-7258(18)30232-8/rf0065
http://refhub.elsevier.com/S0163-7258(18)30232-8/rf0065
http://refhub.elsevier.com/S0163-7258(18)30232-8/rf0070
http://refhub.elsevier.com/S0163-7258(18)30232-8/rf0070
http://refhub.elsevier.com/S0163-7258(18)30232-8/rf0075
http://refhub.elsevier.com/S0163-7258(18)30232-8/rf0075
http://refhub.elsevier.com/S0163-7258(18)30232-8/rf0075
http://refhub.elsevier.com/S0163-7258(18)30232-8/rf0080
http://refhub.elsevier.com/S0163-7258(18)30232-8/rf0080
http://refhub.elsevier.com/S0163-7258(18)30232-8/rf0085
http://refhub.elsevier.com/S0163-7258(18)30232-8/rf0085
http://refhub.elsevier.com/S0163-7258(18)30232-8/rf0090
http://refhub.elsevier.com/S0163-7258(18)30232-8/rf0090
http://refhub.elsevier.com/S0163-7258(18)30232-8/rf0090
https://doi.org/10.1016/j.pscychresns.2015.11.007
http://refhub.elsevier.com/S0163-7258(18)30232-8/rf0100
http://refhub.elsevier.com/S0163-7258(18)30232-8/rf0100
http://refhub.elsevier.com/S0163-7258(18)30232-8/rf0100
http://refhub.elsevier.com/S0163-7258(18)30232-8/rf0105
http://refhub.elsevier.com/S0163-7258(18)30232-8/rf0105
http://refhub.elsevier.com/S0163-7258(18)30232-8/rf0105
http://refhub.elsevier.com/S0163-7258(18)30232-8/rf0110
http://refhub.elsevier.com/S0163-7258(18)30232-8/rf0110
http://refhub.elsevier.com/S0163-7258(18)30232-8/rf0110
http://refhub.elsevier.com/S0163-7258(18)30232-8/rf0115
http://refhub.elsevier.com/S0163-7258(18)30232-8/rf0115
http://refhub.elsevier.com/S0163-7258(18)30232-8/rf0115
https://doi.org/10.1016/j.euroneuro.2016.03.006
https://doi.org/10.1016/j.euroneuro.2016.03.006
http://refhub.elsevier.com/S0163-7258(18)30232-8/rf0125
http://refhub.elsevier.com/S0163-7258(18)30232-8/rf0125
http://refhub.elsevier.com/S0163-7258(18)30232-8/rf0125
http://refhub.elsevier.com/S0163-7258(18)30232-8/rf0130
http://refhub.elsevier.com/S0163-7258(18)30232-8/rf0130
http://refhub.elsevier.com/S0163-7258(18)30232-8/rf0135
http://refhub.elsevier.com/S0163-7258(18)30232-8/rf0135
http://refhub.elsevier.com/S0163-7258(18)30232-8/rf0135
http://refhub.elsevier.com/S0163-7258(18)30232-8/rf0140
http://refhub.elsevier.com/S0163-7258(18)30232-8/rf0140
http://refhub.elsevier.com/S0163-7258(18)30232-8/rf0140
http://refhub.elsevier.com/S0163-7258(18)30232-8/rf0140
http://refhub.elsevier.com/S0163-7258(18)30232-8/rf6553
https://doi.org/10.1111/acps.12251
https://doi.org/10.1111/acps.12251
http://refhub.elsevier.com/S0163-7258(18)30232-8/rf0150
http://refhub.elsevier.com/S0163-7258(18)30232-8/rf0150
http://refhub.elsevier.com/S0163-7258(18)30232-8/rf0150
http://refhub.elsevier.com/S0163-7258(18)30232-8/rf0150
http://refhub.elsevier.com/S0163-7258(18)30232-8/rf0155
http://refhub.elsevier.com/S0163-7258(18)30232-8/rf0155
http://refhub.elsevier.com/S0163-7258(18)30232-8/rf0155
http://refhub.elsevier.com/S0163-7258(18)30232-8/rf0160
http://refhub.elsevier.com/S0163-7258(18)30232-8/rf0160
http://refhub.elsevier.com/S0163-7258(18)30232-8/rf0165
http://refhub.elsevier.com/S0163-7258(18)30232-8/rf0165
http://refhub.elsevier.com/S0163-7258(18)30232-8/rf0165
http://refhub.elsevier.com/S0163-7258(18)30232-8/rf0170
http://refhub.elsevier.com/S0163-7258(18)30232-8/rf0170
http://refhub.elsevier.com/S0163-7258(18)30232-8/rf0170
http://refhub.elsevier.com/S0163-7258(18)30232-8/rf3409
http://refhub.elsevier.com/S0163-7258(18)30232-8/rf3409
http://refhub.elsevier.com/S0163-7258(18)30232-8/rf0175
http://refhub.elsevier.com/S0163-7258(18)30232-8/rf0175
http://refhub.elsevier.com/S0163-7258(18)30232-8/rf0180
http://refhub.elsevier.com/S0163-7258(18)30232-8/rf0180
http://refhub.elsevier.com/S0163-7258(18)30232-8/rf0180
http://refhub.elsevier.com/S0163-7258(18)30232-8/rf0185
http://refhub.elsevier.com/S0163-7258(18)30232-8/rf0185
http://refhub.elsevier.com/S0163-7258(18)30232-8/rf0185
http://refhub.elsevier.com/S0163-7258(18)30232-8/rf0190
http://refhub.elsevier.com/S0163-7258(18)30232-8/rf0190
https://doi.org/10.1111/j.1399-5618.2012.01023.x
http://refhub.elsevier.com/S0163-7258(18)30232-8/rf0200
http://refhub.elsevier.com/S0163-7258(18)30232-8/rf0200
http://refhub.elsevier.com/S0163-7258(18)30232-8/rf0200
http://refhub.elsevier.com/S0163-7258(18)30232-8/rf0205
http://refhub.elsevier.com/S0163-7258(18)30232-8/rf0205
http://refhub.elsevier.com/S0163-7258(18)30232-8/rf0210
http://refhub.elsevier.com/S0163-7258(18)30232-8/rf0210
http://refhub.elsevier.com/S0163-7258(18)30232-8/rf0215
http://refhub.elsevier.com/S0163-7258(18)30232-8/rf0215
http://refhub.elsevier.com/S0163-7258(18)30232-8/rf0215
http://refhub.elsevier.com/S0163-7258(18)30232-8/rf0220
http://refhub.elsevier.com/S0163-7258(18)30232-8/rf0220
http://refhub.elsevier.com/S0163-7258(18)30232-8/rf0220
http://refhub.elsevier.com/S0163-7258(18)30232-8/rf0225
http://refhub.elsevier.com/S0163-7258(18)30232-8/rf0225
http://refhub.elsevier.com/S0163-7258(18)30232-8/rf0225
http://refhub.elsevier.com/S0163-7258(18)30232-8/rf0230
http://refhub.elsevier.com/S0163-7258(18)30232-8/rf0230
http://refhub.elsevier.com/S0163-7258(18)30232-8/rf0230
http://refhub.elsevier.com/S0163-7258(18)30232-8/rf0230
http://refhub.elsevier.com/S0163-7258(18)30232-8/rf0235
http://refhub.elsevier.com/S0163-7258(18)30232-8/rf0235
http://refhub.elsevier.com/S0163-7258(18)30232-8/rf0235

50 B.R. Godlewska / Pharmacology & Therapeutics 197 (2019) 38-51

Harmer, C.J., O'Sullivan, U., Favaron, E., Massey-Chase, R., Ayres, R., Reinecke, A., ... Cowen,
P.]. (2009). Effect of acute antidepressant administration on negative affective bias in
depressed patients. The American Journal of Psychiatry 166, 1178-1184.

Harmer, C. J.,, Shelley, N. C,, Cowen, P. J., & Goodwin, G. M. (2004). Increased positive ver-
sus negative affective perception and memory in healthy volunteers following selec-
tive serotonin and norepinephrine reuptake inhibition. The American Journal of
Psychiatry 161, 1256-1263.

Hensler, J. G. (2003). Regulation of 5-HT1A receptor function in brain following agonist or
antidepressant administration. Life Sciences 72, 1665-1682.

Hilimire, M. R,, Mayberg, H. S., Holtzheimer, P. E., Broadway, J. M., Parks, N. A., DeVylder, J.
E., & Corballis, P. M. (2015). Effects of subcallosal cingulate deep brain stimulation on
negative self-bias in patients with treatment-resistant depression. Brain Stimulation 8,
185-191.

Horder, J., Browning, M., Di Simplicio, M., Cowen, P. J., & Harmer, C. J. (2012). Effects of 7
days of treatment with the cannabinoid type 1 receptor antagonist, rimonabant, on
emotional processing. Journal of Psychopharmacology 26, 125-132.

Horder, J., Cowen, P. J., Di Simplicio, M., Browning, M., & Harmer, C. J. (2009). Acute ad-
ministration of the cannabinoid CB1 antagonist rimonabant impairs positive affective
memory in healthy volunteers. Psychopharmacology 205, 85-91.

Huneke, N. T., Walsh, A. E., Brown, R., Browning, M., & Harmer, C. ]. (2017). No evidence
for an acute placebo effect on emotional processing in healthy volunteers. Journal of
Psychopharmacology 31, 1578-1587.

Insel, T. R. (2014). The NIMH Research Domain Criteria (RDoC) project: Precision medi-
cine for psychiatry. The American Journal of Psychiatry 171, 395-397. https://doi.org/
10.1176/appi.ajp.2014.14020138.

Ironside, M., O'Shea, ]., Cowen, P. J., & Harmer, C. . (2016). Frontal cortex stimulation re-
duces vigilance to threat: implications for the treatment of depression and anxiety.
Biological Psychiatry 79, 823-830.

Jonassen, R., Chelnokova, O., Harmer, C., Leknes, S., & Landro, N. I. (2014). A single dose of
antidepressant alters eye-gaze patterns across face stimuli in healthy women.
Psychopharmacology 232, 953-958.

Kalsi, N., Altavilla, D., Tambelli, R., Aceto, P., Trentini, C., Di Giorgio, C., & Lai, C. (2017).
Neural correlates of outcome of the psychotherapy compared to antidepressant ther-
apy in anxiety and depression disorders: A meta-analysis. Frontiers in Psychology 7,
927.

Keller, M., Montgomery, S., Ball, W., Morrison, M., Snavely, D., Liu, G., ... Reines, S. (2006).
Lack of efficacy of the substance p (neurokininl receptor) antagonist aprepitant in
the treatment of major depressive disorder. Biological Psychiatry 59, 216-223.

Komulainen, E., Heikkild, R., Meskanen, K., Raij, T. T., Nummenmaa, L., Lahti, J., ... Ekelund,
J. (2016). A single dose of mirtazapine attenuates neural responses to self-referential
processing. Journal of Psychopharmacology 30, 23-32.

Komulainen, E., Heikkild, R., Nummenmaa, L., Raij, T. T., Harmer, C. ]., Isometsd, E., &
Ekelund, J. (2018). Short-term escitalopram treatment normalizes aberrant self-
referential processing in major depressive disorder. Journal of Affective Disorders
236, 222-229.

Kramer, M. S., Winokur, A, Kelsey, J., Preskorn, S. H., Rothschild, A. ]., Snavely, D., ... Lee, Y.
(2004). Demonstration of the efficacy and safety of a novel substance P (NK1) recep-
tor antagonist in major depression. Neuropsychopharmacology 29, 385-392.

Li, N, Lee, B, Liu, R. ], Banasr, M., Dwyer, J. M., Iwata, M,, ... Duman, R. S. (2010). mTOR-
dependent synapse formation underlies the rapid antidepressant effects of
NMDAantagonists. Science 329, 959-964.

Liu, B, Liu, J., Wang, M., Zhang, Y., & Li, L. (2017). From serotonin to neuroplasticity:
Evolvement of theories for major depressive disorder. Frontiers in Cellular
Neuroscience 28, 305.

Lopez-Muiioz, F., & Alamo, C. (2009). Monoaminergic neurotransmission: The history of
the discovery of antidepressants from 1950s until today. Current Pharmaceutical
Design 15, 1563-1586.

Ma, Y. (2014). Neuropsychological mechanism underlying antidepressant effect: A sys-
tematic metaanalysis. Molecular Psychiatry 20, 311-319.

Malhi, G. S., Byrow, Y., Fritz, K., Das, P., Baune, B. T., Porter, R. ]., & Outhred, T. (2015). Mood
disorders: neurocognitive models. Bipolar Disorders 17(Suppl. 2), 3-20. https://doi.
org/10.1111/bdi.12353.

Maron, E., Wall, M., Norbury, R., Godlewska, B., Terbeck, S., Cowen, P., ... Nutt, D. J. (2016).
Effect of short-term escitalopram treatment on neural activation during emotional
processing. Journal of Psychopharmacology 30, 33-39. https://doi.org/10.1177/
0269881115620462.

Mastrodonato, A., Martinez, R., Pavlova, I. P.,, LaGamma, C. T., Brachman, R. A,
Robison, A. J., & Denny, C. A. (2018). Ventral CA3 activation mediates prophylactic
ketamine efficacy against stress-induced depressive-like behavior. Biological
Psychiatry 84, 846-856 pii: S0006-3223(18)30112-4.

Mathews, A., & MacLeod, C. (2005). Cognitive vulnerability to emotional disorders. Annual
Review of Clinical Psychology 1, 167-195.

Mayberg, H. S. (1997). Limbic-cortical dysregulation: A proposed model of depression.
Journal of Neuropsychiatry & Clinical Neurosciences 9, 471-481.

Mayberg, H. S. (2003). Modulating dysfunctional limbic-cortical circuits in depression:
Towards development of brain-based algorithms for diagnosis and optimised treat-
ment. British Medical Bulletin 65, 193-207.

McCabe, C., Cowen, P. ], & Harmer, C. J. (2009). NK1 receptor antagonism and the neural
processing of emotional information in healthy volunteers. The International Journal
of Neuropsychopharmacology 12, 1261-1274.

McGowan, J. C.,, LaGamma, C. T., Lim, S. C,, Tsitsiklis, M., Neria, Y., Brachman, R. A., & Denny,
C. A. (2017). Prophylactic ketamine attenuates learned fear. Neuropsychopharmacology
42,1577-1589.

McGrath, C. L., Kelley, M. E., Holtzheimer, P. E., III, Dunlop, B. W., Craighead, W. D., Franco,
A. R, ... Mayberg, H. (2013). Toward a neuroimaging treatment selection biomarker
for major depressive disorder. JAMA Psychiatry 70, 821-829.

Miller, S., McTeague, L. M., Gyurak, A., Patenaude, B., Williams, L. M., Grieve, S. M, ... Etkin,
A. (2015). Cognition-childhood maltreatment interactions in the prediction of antide-
pressant outcomes in major depressive disorder patients: Results from the iSPOT-D
trial. Depression and Anxiety 32, 594-604.

Miskowiak, K., Papadatou-Pastou, M., Cowen, P. J., Goodwin, G. M., Norbury, R., & Harmer,
C.J. (2007). Single dose antidepressant administration modulates the neural process-
ing of self-referent personality trait words. Neurolmage 37, 904-911.

Miskowiak, K. W., Kessing, L. V., Ott, C. V., Macoveanu, ]., Harmer, C. J,, Jorgensen, A, ...
Jorgensen, M. B. (2017). Does a single session of electroconvulsive therapy alter the
neural response to emotional faces in depression? A randomised sham-controlled
functional magnetic resonance imaging study. Journal of Psychopharmacology 31,
1215-1224.

Miskowiak, K. W., Macoveanu, ., Jergensen, M. B,, Ott, C. V., Stettrup, M. M., Jensen, H. M.,
.. Kessing, L. V. (2018). Effect of electroconvulsive therapy on neural response to af-
fective pictures: A randomized, sham-controlled fMRI study. European
Neuropsychopharmacology 28, 915-924. https://doi.org/10.1016/j.euroneuro.2018.
05.013.

Miskowiak, K. W., Macoveanu, ., Jergensen, M. B,, Stettrup, M. M., Ott, C. V., Jensen, H. M.,
.. Siebner, H. R. (2018). Neural response after a single ECT session during retrieval of
emotional self-referent words in depression: A randomized, sham-controlled fmri
study. The International Journal of Neuropsychopharmacology 21, 226-235.

Mitchell, A. J. (2006). Two-week delay in onset of action of antidepressants: New evi-
dence. The British Journal of Psychiatry 188, 105-106.

Murphy, S. E., Longhitano, C., Ayres, R. E., Cowen, P. ]., & Harmer, C. J. (2006). Tryptophan
supplementation induces a positive bias in the processing of emotional material in
healthy female volunteers. Psychopharmacology 187, 121-130.

Murphy, S. E.,, Norbury, R., O'Sullivan, U., Cowen, P.]., & Harmer, C.J. (2009). Effect of a sin-
gle dose of citalopram on amygdala response to emotional faces. The British Journal of
Psychiatry 194, 535-540.

Murphy, S. E., Yiend, J., Lester, K. J., Cowen, P. ], & Harmer, C. J. (2009). Short-term sero-
tonergic but not noradrenergic antidepressant administration reduces attentional
vigilance to threat in healthy volunteers. The International Journal of
Neuropsychopharmacology 12, 169-179.

Newport, D. J., Carpenter, L. L., McDonald, W. M., Potash, ]. B., Tohen, M., & Nemeroff, C. B.
(2015). APA council of research task force on novel biomarkers and treatments. Keta-
mine and ther NMDA antagonists: Early clinical trials and possible mechanisms in de-
pression. The American Journal of Psychiatry 172, 950-966. https://doi.org/10.1176/
appi.ajp.2015.15040465.

Nitsche, M. A., Koschack, J., Pohlers, H., Hullemann, S., Paulus, W., & Happe, S. (2012). Ef-
fects of frontal transcranial direct current stimulation on emotional state and process-
ing in healthy humans. Frontiers in Psychiatry 3, 58.

Norbury, R., Mackay, C. E., Cowen, P. ], Goodwin, G. M., & Harmer, C.]. (2007). Short-term
antidepressant treatment and facial processing. Functional magnetic resonance imag-
ing study. The British Journal of Psychiatry 190, 531-532.

Norbury, R, Taylor, M. ]., Selvaraj, S., Murphy, S. E., Harmer, C. J., & Cowen, P. J. (2009).
Short-term antidepressant treatment modulates amygdala response to happy faces.
Psychopharmacology 206, 197-204.

Olloquequi, ., Cornejo-Cordova, E., Verdaguer, E., Soriano, F. X,, Binvignat, O., Auladell, C.,
& Camins, A. (2018). Excitotoxicity in the pathogenesis of neurological and psychiat-
ric disorders: Therapeutic implications. Journal of Psychopharmacology 32, 265-275.

Pizzagalli, D. A. (2011). Frontocingulate dysfunction in depression: Toward biomarkers of
treatment response. Neuropsychopharmacology 36, 183-206.

Pringle, A., Browning, M., Cowen, P. ]., & Harmer, C.]. (2011). A cognitive neuropsycholog-
ical model of antidepressant drug action. Progress in Neuro-Psychopharmacology & Bi-
ological Psychiatry 15, 1586-1592.

Pringle, A., McTavish, S. F., Williams, C., Smith, R., Cowen, P. J., & Harmer, C. J. (2011).
Short-term NK1 receptor antagonism and emotional processing in healthy volun-
teers. Psychopharmacology 215, 239-246.

Pringle, A., Parsons, E., Cowen, L. G., McTavish, S. F., Cowen, P. ], & Harmer, C. J. (2012).
Using an experimental medicine model to understand the antidepressant potential
of the N-Methyl-p-aspartic acid (NMDA) receptor antagonist memantine. Journal of
Psychopharmacology 26, 1417-1423.

Rantamadki, T., & Yalcin, I. (2016). Antidepressant drug action—from rapid changes on net-
work function to network rewiring. Progress in Neuro-Psychopharmacology & Biologi-
cal Psychiatry 64, 285-292.

Rawlings, N. B., Norbury, R., Cowen, P. ]., & Harmer, C. J. (2010). A single dose of
mirtazapine modulates neural responses to emotional faces in healthy people.
Psychopharmacology 212, 625-634.

Reinecke, A, Thilo, K, Filippini, N., Croft, A., & Harmer, C. J. (2014). Predicting rapid re-
sponse to cognitive-behavioural treatment for panic disorder: The role of hippocam-
pus, insula, and dorsolateral prefrontal cortex. Behaviour Research and Therapy 62,
120-128.

Rive, M. M., van Rooijen, G., Veltman, D. J., Phillips, M. L., Schene, A. H., & Ruhé, H. G.
(2013). Neural correlates of dysfunctional emotion regulation in major depressive
disorder. Neuroscience and Biobehavioral Reviews 37, 2529-2553 A systematic review
of neuroimaging studies.

Robinson, E. S., & Roiser, J. P. (2016). Affective biases in humans and animals. Current
Topics in Behavioral Neurosciences 28, 263-286.

Rock, P. L., Goodwin, G. M., Wulff, K., McTavish, S. F., & Harmer, C. J. (2016). Effects of
short-term quetiapine treatment on emotional processing, sleep and circadian
rhythms. Journal of Psychopharmacology 30, 273-282. https://doi.org/10.1177/
0269881115626336.

Roiser, J. P., Elliott, R., & Sahakian, B. J. (2012). Cognitive mechanisms of treatment in de-
pression. Neuropsychopharmacology 37, 117-136.

Roiser, ]. P., & Sahakian, B. ]. (2013). Hot and cold cognition in depression. CNS Spectrums
18, 139-149.


http://refhub.elsevier.com/S0163-7258(18)30232-8/rf0240
http://refhub.elsevier.com/S0163-7258(18)30232-8/rf0240
http://refhub.elsevier.com/S0163-7258(18)30232-8/rf0245
http://refhub.elsevier.com/S0163-7258(18)30232-8/rf0245
http://refhub.elsevier.com/S0163-7258(18)30232-8/rf0245
http://refhub.elsevier.com/S0163-7258(18)30232-8/rf0245
http://refhub.elsevier.com/S0163-7258(18)30232-8/rf0250
http://refhub.elsevier.com/S0163-7258(18)30232-8/rf0250
http://refhub.elsevier.com/S0163-7258(18)30232-8/rf0255
http://refhub.elsevier.com/S0163-7258(18)30232-8/rf0255
http://refhub.elsevier.com/S0163-7258(18)30232-8/rf0255
http://refhub.elsevier.com/S0163-7258(18)30232-8/rf0260
http://refhub.elsevier.com/S0163-7258(18)30232-8/rf0260
http://refhub.elsevier.com/S0163-7258(18)30232-8/rf0260
http://refhub.elsevier.com/S0163-7258(18)30232-8/rf0265
http://refhub.elsevier.com/S0163-7258(18)30232-8/rf0265
http://refhub.elsevier.com/S0163-7258(18)30232-8/rf0265
http://refhub.elsevier.com/S0163-7258(18)30232-8/rf0270
http://refhub.elsevier.com/S0163-7258(18)30232-8/rf0270
http://refhub.elsevier.com/S0163-7258(18)30232-8/rf0270
https://doi.org/10.1176/appi.ajp.2014.14020138
https://doi.org/10.1176/appi.ajp.2014.14020138
http://refhub.elsevier.com/S0163-7258(18)30232-8/rf0280
http://refhub.elsevier.com/S0163-7258(18)30232-8/rf0280
http://refhub.elsevier.com/S0163-7258(18)30232-8/rf0280
http://refhub.elsevier.com/S0163-7258(18)30232-8/rf0285
http://refhub.elsevier.com/S0163-7258(18)30232-8/rf0285
http://refhub.elsevier.com/S0163-7258(18)30232-8/rf0285
http://refhub.elsevier.com/S0163-7258(18)30232-8/rf0290
http://refhub.elsevier.com/S0163-7258(18)30232-8/rf0290
http://refhub.elsevier.com/S0163-7258(18)30232-8/rf0290
http://refhub.elsevier.com/S0163-7258(18)30232-8/rf0295
http://refhub.elsevier.com/S0163-7258(18)30232-8/rf0295
http://refhub.elsevier.com/S0163-7258(18)30232-8/rf0300
http://refhub.elsevier.com/S0163-7258(18)30232-8/rf0300
http://refhub.elsevier.com/S0163-7258(18)30232-8/rf0305
http://refhub.elsevier.com/S0163-7258(18)30232-8/rf0305
http://refhub.elsevier.com/S0163-7258(18)30232-8/rf0305
http://refhub.elsevier.com/S0163-7258(18)30232-8/rf0310
http://refhub.elsevier.com/S0163-7258(18)30232-8/rf0310
http://refhub.elsevier.com/S0163-7258(18)30232-8/rf0315
http://refhub.elsevier.com/S0163-7258(18)30232-8/rf0315
http://refhub.elsevier.com/S0163-7258(18)30232-8/rf0315
http://refhub.elsevier.com/S0163-7258(18)30232-8/rf0320
http://refhub.elsevier.com/S0163-7258(18)30232-8/rf0320
http://refhub.elsevier.com/S0163-7258(18)30232-8/rf0320
http://refhub.elsevier.com/S0163-7258(18)30232-8/rf0325
http://refhub.elsevier.com/S0163-7258(18)30232-8/rf0325
http://refhub.elsevier.com/S0163-7258(18)30232-8/rf0325
http://refhub.elsevier.com/S0163-7258(18)30232-8/rf0330
http://refhub.elsevier.com/S0163-7258(18)30232-8/rf0330
https://doi.org/10.1111/bdi.12353
https://doi.org/10.1111/bdi.12353
https://doi.org/10.1177/0269881115620462
https://doi.org/10.1177/0269881115620462
http://refhub.elsevier.com/S0163-7258(18)30232-8/rf0345
http://refhub.elsevier.com/S0163-7258(18)30232-8/rf0345
http://refhub.elsevier.com/S0163-7258(18)30232-8/rf0345
http://refhub.elsevier.com/S0163-7258(18)30232-8/rf0350
http://refhub.elsevier.com/S0163-7258(18)30232-8/rf0350
http://refhub.elsevier.com/S0163-7258(18)30232-8/rf0355
http://refhub.elsevier.com/S0163-7258(18)30232-8/rf0355
http://refhub.elsevier.com/S0163-7258(18)30232-8/rf0360
http://refhub.elsevier.com/S0163-7258(18)30232-8/rf0360
http://refhub.elsevier.com/S0163-7258(18)30232-8/rf0360
http://refhub.elsevier.com/S0163-7258(18)30232-8/rf0365
http://refhub.elsevier.com/S0163-7258(18)30232-8/rf0365
http://refhub.elsevier.com/S0163-7258(18)30232-8/rf0365
http://refhub.elsevier.com/S0163-7258(18)30232-8/rf0370
http://refhub.elsevier.com/S0163-7258(18)30232-8/rf0370
http://refhub.elsevier.com/S0163-7258(18)30232-8/rf0375
http://refhub.elsevier.com/S0163-7258(18)30232-8/rf0375
http://refhub.elsevier.com/S0163-7258(18)30232-8/rf0380
http://refhub.elsevier.com/S0163-7258(18)30232-8/rf0380
http://refhub.elsevier.com/S0163-7258(18)30232-8/rf0380
http://refhub.elsevier.com/S0163-7258(18)30232-8/rf0385
http://refhub.elsevier.com/S0163-7258(18)30232-8/rf0385
http://refhub.elsevier.com/S0163-7258(18)30232-8/rf0390
http://refhub.elsevier.com/S0163-7258(18)30232-8/rf0390
http://refhub.elsevier.com/S0163-7258(18)30232-8/rf0390
http://refhub.elsevier.com/S0163-7258(18)30232-8/rf0390
https://doi.org/10.1016/j.euroneuro.2018.05.013
https://doi.org/10.1016/j.euroneuro.2018.05.013
http://refhub.elsevier.com/S0163-7258(18)30232-8/rf0400
http://refhub.elsevier.com/S0163-7258(18)30232-8/rf0400
http://refhub.elsevier.com/S0163-7258(18)30232-8/rf0400
http://refhub.elsevier.com/S0163-7258(18)30232-8/rf0405
http://refhub.elsevier.com/S0163-7258(18)30232-8/rf0405
http://refhub.elsevier.com/S0163-7258(18)30232-8/rf0410
http://refhub.elsevier.com/S0163-7258(18)30232-8/rf0410
http://refhub.elsevier.com/S0163-7258(18)30232-8/rf0410
http://refhub.elsevier.com/S0163-7258(18)30232-8/rf0415
http://refhub.elsevier.com/S0163-7258(18)30232-8/rf0415
http://refhub.elsevier.com/S0163-7258(18)30232-8/rf0415
http://refhub.elsevier.com/S0163-7258(18)30232-8/rf0420
http://refhub.elsevier.com/S0163-7258(18)30232-8/rf0420
http://refhub.elsevier.com/S0163-7258(18)30232-8/rf0420
http://refhub.elsevier.com/S0163-7258(18)30232-8/rf0420
https://doi.org/10.1176/appi.ajp.2015.15040465
https://doi.org/10.1176/appi.ajp.2015.15040465
http://refhub.elsevier.com/S0163-7258(18)30232-8/rf0430
http://refhub.elsevier.com/S0163-7258(18)30232-8/rf0430
http://refhub.elsevier.com/S0163-7258(18)30232-8/rf0430
http://refhub.elsevier.com/S0163-7258(18)30232-8/rf0435
http://refhub.elsevier.com/S0163-7258(18)30232-8/rf0435
http://refhub.elsevier.com/S0163-7258(18)30232-8/rf0435
http://refhub.elsevier.com/S0163-7258(18)30232-8/rf0440
http://refhub.elsevier.com/S0163-7258(18)30232-8/rf0440
http://refhub.elsevier.com/S0163-7258(18)30232-8/rf0445
http://refhub.elsevier.com/S0163-7258(18)30232-8/rf0445
http://refhub.elsevier.com/S0163-7258(18)30232-8/rf0450
http://refhub.elsevier.com/S0163-7258(18)30232-8/rf0450
http://refhub.elsevier.com/S0163-7258(18)30232-8/rf0455
http://refhub.elsevier.com/S0163-7258(18)30232-8/rf0455
http://refhub.elsevier.com/S0163-7258(18)30232-8/rf0455
http://refhub.elsevier.com/S0163-7258(18)30232-8/rf0460
http://refhub.elsevier.com/S0163-7258(18)30232-8/rf0460
http://refhub.elsevier.com/S0163-7258(18)30232-8/rf0465
http://refhub.elsevier.com/S0163-7258(18)30232-8/rf0465
http://refhub.elsevier.com/S0163-7258(18)30232-8/rf0465
http://refhub.elsevier.com/S0163-7258(18)30232-8/rf0465
http://refhub.elsevier.com/S0163-7258(18)30232-8/rf0465
http://refhub.elsevier.com/S0163-7258(18)30232-8/rf0470
http://refhub.elsevier.com/S0163-7258(18)30232-8/rf0470
http://refhub.elsevier.com/S0163-7258(18)30232-8/rf0470
http://refhub.elsevier.com/S0163-7258(18)30232-8/rf0475
http://refhub.elsevier.com/S0163-7258(18)30232-8/rf0475
http://refhub.elsevier.com/S0163-7258(18)30232-8/rf0475
http://refhub.elsevier.com/S0163-7258(18)30232-8/rf0480
http://refhub.elsevier.com/S0163-7258(18)30232-8/rf0480
http://refhub.elsevier.com/S0163-7258(18)30232-8/rf0480
http://refhub.elsevier.com/S0163-7258(18)30232-8/rf0480
http://refhub.elsevier.com/S0163-7258(18)30232-8/rf0485
http://refhub.elsevier.com/S0163-7258(18)30232-8/rf0485
http://refhub.elsevier.com/S0163-7258(18)30232-8/rf0485
http://refhub.elsevier.com/S0163-7258(18)30232-8/rf0490
http://refhub.elsevier.com/S0163-7258(18)30232-8/rf0490
https://doi.org/10.1177/0269881115626336
https://doi.org/10.1177/0269881115626336
http://refhub.elsevier.com/S0163-7258(18)30232-8/rf0500
http://refhub.elsevier.com/S0163-7258(18)30232-8/rf0500
http://refhub.elsevier.com/S0163-7258(18)30232-8/rf0505
http://refhub.elsevier.com/S0163-7258(18)30232-8/rf0505

B.R. Godlewska / Pharmacology & Therapeutics 197 (2019) 38-51 51

Sanacora, G., Johnson, M. R., Khan, A, Atkinson, S. D., Riesenberg, R. R., Schronen, J. P., ...
Pathak, S. (2017). Adjunctive lanicemine (AZD6765) in patients with major depres-
sive disorder and history of inadequate response to antidepressants: A randomized,
placebo-controlled study. Neuropsychopharmacology 42, 844-853. https://doi.org/
10.1038/npp.2016.224.

Sanacora, G., Smith, M. A,, Pathak, S., Su, H. L, Boeijinga, P. H., McCarthy, D. J., & Quirk, M.
C. (2014). Lanicemine: A low-trapping NMDA channel blocker produces sustained
antidepressant efficacy with minimal psychotomimetic adverse effects. Molecular
Psychiatry 19, 978-985. https://doi.org/10.1038/mp.2013.130.

Sani, G., Serra, G., Kotzalidis, G. D., Romano, S., Tamorri, S. M., Manfredi, G., ... Girardji, P.
(2012). The role of memantine in the treatment of psychiatric disorders other than
the dementias: A review of current preclinical and clinical evidence. CNS Drugs 26,
663-690.

Scheidegger, M., Henning, A., Walter, M., Boeker, H., Weigand, A, Seifritz, E., & Grimm, S.
(2016). Effects of ketamine on cognition-emotion interaction in the brain.
Neurolmage 124, 8-15.

Scheidegger, M., Henning, A., Walter, M., Lehmann, M., Kraehenmann, R., Boeker, H., ...
Grimm, S. (2016). Ketamine administration reduces amygdalo-hippocampal reactiv-
ity to emotional stimulation. Human Brain Mapping 37, 1941-1952.

Selvaraj, S., Walker, C., Arnone, D., Cao, B., Faulkner, P., Cowen, P. |, ... Howes, O. (2018).
Effect of citalopram on emotion processing in humans: a combined 5-HT1A [11C]
CUMI-101 PET and functional MRI study. Neuropsychopharmacology 43, 655-664.

Sheline, Y. I, Barch, D. M., Donnelly, ]J. M., Ollinger, ]J. M., Snyder, A. Z., & Mintun, M. A.
(2001). Increased amygdala response to masked emotional faces in depressed sub-
jects resolves with antidepressant treatment: An fMRI study. Biological Psychiatry
50, 651-658.

Shiozawa, P., Fregni, F., Bensenor, I. M., Lotufo, P. A., Berlim, M. T., Daskalakis, J. Z., ...
Brunoni, A. R. (2014). Transcranial direct current stimulation for major depression:
An updated systematic review and meta-analysis. The International Journal of
Neuropsychopharmacology 17, 1443-1452.

Shiroma, P. R,, Thuras, P., Johns, B., & Lim, K. O. (2014). Emotion recognition processing as
early predictor of response to 8-week citalopram treatment in late life depression.
International Journal of Geriatric Psychiatry 29, 1132-1139.

Stevens, F. L., Hurley, R. A., & Taber, K. H. (2011). Anterior cingulate cortex: Unique role in
cognition and emotion. The Journal of Neuropsychiatry and Clinical Neurosciences 23,
121-125. https://doi.org/10.1176/appi.neuropsych.23.2.121.

Strakowski, S. M., Adler, C. M., Almeida, J., Altshuler, L. L., Blumberg, H. P., Chang, K. D, ...
Townsend, J. D. (2012). The functional neuroanatomy of bipolar disorder: A consen-
sus model. Bipolar Disorders 14, 313-325. https://doi.org/10.1111/j.1399-5618.2012.
01022.x.

Stuart, S. A,, Butler, P., Munafo, M. R., Nutt, D. J., & Robinson, E. S. (2015). Distinct neuro-
psychological mechanisms may explain delayed- versus rapid-onset antidepressant
efficacy. Neuropsychopharmacology 40, 2165-2174.

Taylor, M. J., Freemantle, N., Geddes, J. R., & Bhagwagar, Z. (2007). Early onset of selective
serotonin reuptake inhibitor antidepressant action: Systematic review and meta-
analysis. Archives of General Psychiatry 63, 1217-1223.

Tranter, R, Bell, D., Gutting, P., Harmer, C., Healy, D., & Anderson, I. M. (2009). The effect of
serotonergic and noradrenergic antidepressants on face emotion processing in de-
pressed patients. Journal of Affective Disorders 118, 87-93.

Warden, D., Rush, A. J., Trivedi, M. H., Fava, M., & Wisniewski, S. R. (2007). The STAR*D
project results: A comprehensive review of findings. Current Psychiatry Reports 9,
449-459,

Warren, M. B, Pringle, A,, & Harmer, C. ]. (2015). A neurocognitive model for understand-
ing treatment action in depression. Philosophical Transactions of the Royal Society of
London. Series B, Biological Sciences 370, 20140213.

Wessa, M., & Lois, G. (2015). Brain functional effects of psychopharmacological treatment
in major depression: A focus on neural circuitry of affective processing. Current
Neuropharmacology 13, 466-479.

Whitfield-Gabrieli, S., & Ford, J. M. (2012). Default mode network activity and connectiv-
ity in psychopathology. Annual Review of Clinical Psychology 8, 49-76.

Williams, L. M., Korgaonkar, M. S., Song, Y. C,, Paton, R., Eagles, S., Goldstein-Piekarski, A, ...
Etkin, A. (2015). Amygdala reactivity to emotional faces in the prediction of general
and medication-specific responses to antidepressant treatment in the randomized
iSPOT-D trial. Neuropsychopharmacology 40, 2398-2408.

Zanos, P., Moaddel, R., Morris, P. ]., Georgiou, P., Fischell, J., Elmer, G. I, ... Gould, T. D.
(2016). NMDAR inhibition-independent antidepressant actions of ketamine metabo-
lites. Nature 533, 481-486.

Zanos, P., Thompson, S. M., Duman, R. S., Zarate, C. A, Jr., & Gould, T. D. (2018). Convergent
mechanisms underlying rapid antidepressant action. CNS Drugs 32, 197-227.

Zarate, C. A., & Niciu, M. J. (2015). Ketamine for depression: evidence, challenges and
promise. World Psychiatry 14, 348-350.


https://doi.org/10.1038/npp.2016.224
https://doi.org/10.1038/npp.2016.224
https://doi.org/10.1038/mp.2013.130
http://refhub.elsevier.com/S0163-7258(18)30232-8/rf0525
http://refhub.elsevier.com/S0163-7258(18)30232-8/rf0525
http://refhub.elsevier.com/S0163-7258(18)30232-8/rf0525
http://refhub.elsevier.com/S0163-7258(18)30232-8/rf0530
http://refhub.elsevier.com/S0163-7258(18)30232-8/rf0530
http://refhub.elsevier.com/S0163-7258(18)30232-8/rf0535
http://refhub.elsevier.com/S0163-7258(18)30232-8/rf0535
http://refhub.elsevier.com/S0163-7258(18)30232-8/rf0540
http://refhub.elsevier.com/S0163-7258(18)30232-8/rf0540
http://refhub.elsevier.com/S0163-7258(18)30232-8/rf0545
http://refhub.elsevier.com/S0163-7258(18)30232-8/rf0545
http://refhub.elsevier.com/S0163-7258(18)30232-8/rf0545
http://refhub.elsevier.com/S0163-7258(18)30232-8/rf0550
http://refhub.elsevier.com/S0163-7258(18)30232-8/rf0550
http://refhub.elsevier.com/S0163-7258(18)30232-8/rf0550
http://refhub.elsevier.com/S0163-7258(18)30232-8/rf0555
http://refhub.elsevier.com/S0163-7258(18)30232-8/rf0555
http://refhub.elsevier.com/S0163-7258(18)30232-8/rf0555
https://doi.org/10.1176/appi.neuropsych.23.2.121
https://doi.org/10.1111/j.1399-5618.2012.01022.x
https://doi.org/10.1111/j.1399-5618.2012.01022.x
http://refhub.elsevier.com/S0163-7258(18)30232-8/rf0570
http://refhub.elsevier.com/S0163-7258(18)30232-8/rf0570
http://refhub.elsevier.com/S0163-7258(18)30232-8/rf0570
http://refhub.elsevier.com/S0163-7258(18)30232-8/rf0575
http://refhub.elsevier.com/S0163-7258(18)30232-8/rf0575
http://refhub.elsevier.com/S0163-7258(18)30232-8/rf0575
http://refhub.elsevier.com/S0163-7258(18)30232-8/rf0580
http://refhub.elsevier.com/S0163-7258(18)30232-8/rf0580
http://refhub.elsevier.com/S0163-7258(18)30232-8/rf0580
http://refhub.elsevier.com/S0163-7258(18)30232-8/rf0585
http://refhub.elsevier.com/S0163-7258(18)30232-8/rf0585
http://refhub.elsevier.com/S0163-7258(18)30232-8/rf0585
http://refhub.elsevier.com/S0163-7258(18)30232-8/rf0590
http://refhub.elsevier.com/S0163-7258(18)30232-8/rf0590
http://refhub.elsevier.com/S0163-7258(18)30232-8/rf0590
http://refhub.elsevier.com/S0163-7258(18)30232-8/rf0595
http://refhub.elsevier.com/S0163-7258(18)30232-8/rf0595
http://refhub.elsevier.com/S0163-7258(18)30232-8/rf0595
http://refhub.elsevier.com/S0163-7258(18)30232-8/rf0600
http://refhub.elsevier.com/S0163-7258(18)30232-8/rf0600
http://refhub.elsevier.com/S0163-7258(18)30232-8/rf0605
http://refhub.elsevier.com/S0163-7258(18)30232-8/rf0605
http://refhub.elsevier.com/S0163-7258(18)30232-8/rf0605
http://refhub.elsevier.com/S0163-7258(18)30232-8/rf0610
http://refhub.elsevier.com/S0163-7258(18)30232-8/rf0610
http://refhub.elsevier.com/S0163-7258(18)30232-8/rf0615
http://refhub.elsevier.com/S0163-7258(18)30232-8/rf0615
http://refhub.elsevier.com/S0163-7258(18)30232-8/rf8841
http://refhub.elsevier.com/S0163-7258(18)30232-8/rf8841

	Cognitive neuropsychological theory: Reconciliation of psychological and biological approaches for depression
	1. Introduction
	2. Cognitive neuropsychological hypothesis
	3. The principal components of the cognitive neuropsychological hypothesis and depression
	3.1. The affective-cognitive component in depression
	3.2. The neural component in depression

	4. Testing the validity of cognitive neuropsychological hypothesis: Effect of short-term antidepressant treatment on emotio...
	4.1. Research in healthy volunteers (unselected population and individuals with high neuroticism)
	4.2. Research in depressed individuals
	4.3. A note on delay in onset of antidepressant action

	5. Can cognitive neuropsychological model be applied to non-pharmacological therapies?
	6. Can psychological and pharmacological elements be reconciled in case of rapid-acting glutamatergic treatments for depression?
	7. Can response to treatments for bipolar depression be understood within the frame of the cognitive neuropsychological model?
	8. Is reconciliation between biological approaches and cognitive neuropsychological hypotheses possible?
	9. Potential applications of the cognitive neuropsychological theory
	9.1. Development of new antidepressant treatments
	9.2. Treatment response prediction and treatment stratification

	10. Precision psychiatry and the cognitive neuropsychological model
	11. Conclusions
	Conflict of interest statement
	Acknowledgments
	References


