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Abstract

Social cognition is the ability to identify, perceive and interpret socially relevant
information from the external world. It is an important adaptive trait, but is frequently
affected in major depressive disorder by a mood-congruent interpretive bias. The
present review examined the existing body of literature to determine (i) the impact
social cognitive deficits in depression have on psychosocial functioning; and (ii) the
utility of psychotropic, psychological and procedural interventions employed to target
these deficits. A total of 107 studies met inclusion criteria for review. Social cognitive
performance was found to adversely impact depressed patients’ psychosocial
functioning across the key domains of general cognitive functioning and quality of life.
Secondly, many current therapies were found to have a hormalising effect on the social
cognitive abilities of subjects with major depressive disorder, both at a neural and
functional level. In particular, certain anti-depressant medications corrected facial
affect recognition deficits, while several psychotherapeutic approaches improved

impairments in theory of mind and negative interpretive bias.
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1. Introduction

The adaptive importance of social behaviours has long been the subject of
academic interest. Darwin (1872) first explored the biological underpinnings of
emotional behaviour in detail, while Ekman and Friesen (1971) later proposed six
universal facial expressions that transcend cultural bounds. Contemporary research in
this area focuses on what is now termed ‘social cognition.” This is broadly defined as
the way in which humans identify, perceive and interpret socially salient information.
Social cognition therefore encompasses a wide range of verbal and non-verbal

information, including facial expressions, prosody, body language and theory of mind.

The impact of major depressive disorder on social cognition is more nuanced
than the profound performance deficits seen in other neuropsychiatric disorders,
classically schizophrenia (Kandalaft et al., 2012) and autism (Holdnack et al., 2011). It
is now largely accepted that major depressive disorder is associated with a
characteristic mood-congruent interpretative bias (Weightman et al., 2014). This
manifests as depressed individuals displaying increased sensitivity for identifying
negatively valenced emotions and reduced accuracy for positive ones. Additionally,
neutral stimuli are more likely to be assigned a negative interpretation. This pattern is
consistent with cognitive theories of depression (Beck, 1963), which postulate that
depressed individuals interpret social information through negative maladaptive

schemata that then distort the perception of everyday interactions.

However, the clinical impact of this altered processing of socially relevant
information in major depressive disorder is currently uncertain. Given its adaptive
importance, deficits in social cognition are likely to have a deleterious impact on
measures of general psychosocial functioning. Precise characterisation of this
relationship will improve understanding of the morbidity of the disorder. Furthermore,
if social cognitive dysfunction is shown to be clinically significant in major depressive
disorder, there could be important implications for the development of specific
interventions to target these deficits. The present review examines the existing
literature with the aim of summarising (i) the impact of social cognitive deficits in
depression on psychosocial functioning; and (i) the utility of psychotropic,

psychological and procedural interventions in their treatment.



2. Methods

The protocol for this review of the literature was informed by the Preferred
Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) guidelines
(Moher et al., 2009).

2.1 Search strategy

An electronic search strategy was employed to identify published studies
investigating social cognition in major depressive disorder between 1990 and 2018.
Pertinent literature was identified and retrieved via the Medline, Embase, PsycINFO,
PubMed, Scopus and Google Scholar databases. The search was limited to English
language results only. The subject headings used across the different databases were
‘major depression,” ‘depression,’ ‘depressive disorder,” ‘mood disorder, ‘affective
disorder,” ‘social cognition,” ‘affective cognition,” ‘social function,” ‘social perception,’
‘social interaction,’ ‘interpersonal interaction,’ ‘theory of mind,” ‘empathy,’ ‘facial affect,’
‘facial expression,” ‘facial recognition,” ‘emotion,” ‘emotion recognition,” ‘empathy,’
‘auditory perception,” ‘speech perception,” ‘prosody,” ‘kinesics,” ‘gesture’ and ‘body
language.” To maximise results, truncated search terms were included where possible
and some subject headings were exploded to include narrower sub-headings. The
searches using subject headings were supplemented by searches using similar

keywords and phrases.

2.2 Study selection

The titles and abstracts of the results generated from the databases were
collated and then screened to exclude irrelevant articles or duplicates. The full text of
the remaining studies was downloaded and the methods inspected in detail to
determine eligibility (Figure 1). Studies were included in the analysis if they met the
following criteria: firstly, the study group consisted of adult participants (>18 years of
age) with diagnosis of major depressive disorder (MDD) made against standardised
criteria. This included the Diagnostic and Statistical Manual of Mental Disorders, IVth
or 5th Editions (DSM-IV/DSM-5; American Psychiatric Association, 2013) and the
International Statistical Classification of Diseases and Related Health Problems, 10th
Revision (ICD-10; World Health Organization, 1993), although administration may be
via a standardised diagnostic procedure (e.g., the Structured Clinical Interview for

DSM-5). Secondly, each study was required to investigate social cognitive



performance in a recognised domain (e.g., facial affect, prosody, theory of mind).
Thirdly, the study must also contain either (a) a measure of psychosocial functioning;
or (b) have considered the effect of a pharmacological, psychological or procedural
therapeutic intervention on social cognitive performance. Procedural interventions
were defined as treatments that involve performing a physical procedure on a patient
that is neither pharmacologically nor psychologically administered (e.g.,

neurostimulation).

Studies were excluded if the patient group had MDD as a secondary diagnosis
(e.g., following a primary medical diagnosis) or was co-morbid with a separate
psychiatric disorder (e.g., schizophrenia, dementia, learning disorder, substance use
disorder, eating disorder or pervasive developmental disorder). Studies were also
excluded if the patient group demonstrated bipolar features. Studies were not excluded
on the basis of including MDD patients with comorbid anxiety disorder, provided

depression was the primary condition.

[Insert Figure 1 about here]

3. Results

3.1 Impact on psychosocial function

Social cognition is closely related to the concept of psychosocial functioning.
The former is the mechanism by which socially relevant information is processed and
used, while the latter describes more broadly the interaction between an individual and
his or her environment, including social interactions and interpersonal relationships
(Ro and Clark, 2009). Some authors have attempted to quantify the impact of social
cognitive impairments on the psychosocial functioning of those with a major depressive
disorder. These findings are summarised below in the broad themes of social
performance, emotional/empathic performance, cognitive functioning and quality of

life.

3.1.1 Social performance

There is growing evidence that hostile and overly submissive interpersonal

styles may reduce the quality of social interactions and contribute to the chronicity of



major depressive disorders (Bird et al., 2018). While the present review did not identify
any studies directly examining the link between social cognition and interpersonal
style, findings proving indirect support for this relationship did emerge. For example,
Szanto et al. (2012) demonstrated that older depressed participants with poor facial
affect recognition demonstrated greater hostility and had smaller social networks, as
characterised by poorer communication with family and fewer close friends, compared
to those with greater affect recognition. Likewise, Derntl et al. (2011) found that
depressed subjects demonstrated greater sensitivity to detect fearful emotions, as well
as increased withdrawal towards emotional stimuli. While these results point to a
negative contribution of social cognition on social performance, neither of these studies
statistically evaluated the association between these features, underscoring the need

for more research in this domain.

Depression appears to exert a negative effect on social problem solving ability
(Thoma et al., 2015), which is a feature that may be explained mechanistically by poor
social perception. Some support for this notion was found by Radke et al. (2013), who
evaluated social problem solving ability using an electronic ultimatum game where
affective facial expressions were paired to in-game offers. Depressed patients rejected
a significantly higher percentage of offers than controls, suggesting that facial emotion
was an important mediating factor in social decisions relating to fairness. These
difficulties navigating social situations are hypothesised to contribute to low mood and
diminished self-esteem. This explanation is consistent with behavioural theories of
depression (Lewinsohn, 1974), where poor social outcomes reinforce maladaptive

behaviours such as withdrawal or isolation and further perpetuate the depressive state.

It is worth noting that the relationship between facial affect recognition and
functional outcomes are not universal in the literature, with some studies failing to
demonstrate any association between social cognitive performance and psychosocial
functioning. For instance, Loi et al. (2013) found no association between body
language interpretation and social adaption. Taken together, four of the five studies in
the current review suggest a link between social cognition and social performance.
However, considering this divergence in results, lack of replication of findings and
limitations of the indirect evidence available, the relationship between social cognition

and social performance should be considered speculative.



3.1.2 Emotional and empathic performance

While there is very little empirical research on the relationship between social
cognition and emotion processing, the response of depressed patients to social stimuli
in general has received considerable attention. Depressed individuals have greater
difficulty than controls at ignoring the emotional dimension of facial expressions
(Gilboa-Schechtman et al., 2004), suggesting increased sensitivity to emotional social
cues. People with depression are also more likely than controls to rate facial
expressions as untrustworthy (Bayliss et al., 2017) and are more likely to act fearfully
— such as through freezing or tensing — in response to affective facial stimuli (Persad
and Polivy, 1993). These reactions likely lead to reduced desire for social interaction
and reduce the quality of interpersonal relationships, underscoring the need for more

research in this domain.

There is evidence to suggest that depressed patients may experience a
reduced level of empathy compared to non-depressed individuals (Cusi et al., 2011;
Domes et al., 2016b; Schneider et al., 2012). In fact, the degree of empathy retained
whilst acutely depressed may be a protective factor. Greater empathy in depressed
patients was associated with improved psychosocial functioning, particularly regarding
improved social problem solving (Thoma et al., 2015). A link between empathy and
social ability has been identified in the sub-population of depressed mothers, who find
it more difficult to correctly identify infant facial emotion (Arteche et al., 2011; Stein et
al.,, 2010) and respond to the infant with fewer comforting behaviours or greater

avoidance compared to non-depressed mothers (Macrae et al., 2015).

It also appears that depressed women with greater theory of mind ability are
less likely to have dependent or anxious emotional attachment styles (Koelkebeck et
al.,, 2017). This suggests theory of mind may be valuable for higher emotional
functioning in daily life, for example through a reduced reliance on others. However,
given the limited evidence base currently in this domain, these findings should again

be considered preliminary.

3.1.3 General cognitive functioning

Objective and self-perceived cognitive performance are core components of
psychosocial function, as both share close ties with occupational or social ability and
contribute to subjective feelings of engagement and concentration (Knight and Baune,
2018a). Social cognitive performance in depressed populations also appears

connected to general cognitive ability. Impairments in theory of mind (Uekermann et
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al., 2008b; Zobel et al., 2010) and prosody interpretation (Uekermann et al., 2008a)
have been associated with performance difficulties in the cognitive domains of
executive functioning and working memory. In particular, these studies identified that
deficits with both verbal fluency and inhibition are related to theory of mind, pointing to
a mutual negative interaction between social cognition and general cognitive function.
Similarly, lower cognitive flexibility was associated with poorer performance in both
facial affect recognition and theory of mind (Forster et al., 2018). With working memory,
Levens and Gotlib (2010) found depressed participants to be quicker than controls at
integrating sad content into a working memory task, but slower at linking more complex
emotional stimuli into working memory. Working memory may further be impacted by
high levels of suicidality in a depressed population, as Xie et al. (2018) detected an
association between suicidal ideations and smaller overall working memory capacity
during an emotional face task. In addition, Knight and Baune (2018b) found that poor
prosody interpretation was linked with lower self-reported cognitive function in

individuals with remitted major depressive disorder.

Notably, some conflicting results have detected no correlations between
depressed patients’ performances on social cognitive tasks and their neurocognitive
functioning (Deveney and Deldin, 2004; Doose-Grinefeld et al., 2015; Koelkebeck et
al., 2017). One study even reported the counter-intuitive result that improved planning
ability was associated with poorer facial affect recognition performance in a depressed

group (Forster et al., 2018).

3.1.4 General quality of life

Impairments to social cognition also impact on quality of life measures in major
depressive disorder. For example, reduced theory of mind performance in depressed
patients was associated with a lower Global Assessment of Functioning score (Cusi et
al., 2013). Conversely, increased recognition accuracy for happy facial expressions
was linked with higher self-reporting of personal well-being, social functioning and
symptom burden (Tranter et al., 2009). Impaired ability to mentalise is also associated
with self-reported difficulties with social adjustment in the work, leisure and family
relationship domains of psychosocial functioning (Segal et al., 1993). Finally, Knight
and Baune (2018b) demonstrated that prosody interpretation, but not facial affect
recognition or meaning interpretation, was associated with distinct functional deficits

in domains of occupational functioning and interpersonal relationships.



In older depressed people, Phillips et al. (2010) found that emotion-labelling
ability was a strong predictor of quality of life. However, in an elderly population it must
be considered that organic brain diseases (e.g., cerebral small vessel disease) may
contribute to impaired emotion-labelling or quality of life independent of depression.
Further research on elderly populations is heeded to disentangle the effect of social

cognition from potential organic confounders.

3.2 Treatment options

A wide variety of treatment modalities have been trialled to target social
cognitive dysfunction in depressed patients. These modalities include various
pharmacological options (both standard anti-depressants and more novel agents),
procedural therapies and the psychotherapies. This section presents the major

findings according to specific domain of social cognition.

3.2.1 Facial affect recognition

By far the greatest wealth of information regarding treatment of social cognition
can be found in the domain of facial affect recognition. The stimuli used in these studies
usually consists of a standardised set of faces depicting the cardinal emotions, such
as Ekman and Friesen’s Pictures of Facial Affect (1976). There remains some
ambiguity as to whether facial affect recognition is itself a measure of theory of mind
or an independent concept (Berlim et al., 2012; Szanto et al., 2012). This review
considers facial affect recognition to be a simplistic measure of social cognition, while
theory of mind is a higher order task typically involving synthesis of a range of social

information and will be considered separately.

There is some evidence that the accuracy of interpreting facial expressions
improves after effective treatment of depression. Successful trials have been
conducted using citalopram (Shiroma et al., 2014; Tranter et al., 2009), reboxetine
(Tranter et al., 2009), non-specific anti-depressant pharmacotherapy (Anderson et al.,
2011b; Naudin et al., 2014), intra-nasal oxytocin (MacDonald et al., 2013), repetitive
transcranial magnetic stimulation (rTMS; Berlim et al., 2012) and transcranial direct
current stimulation (tDCS; Brennan et al., 2017). In the only available comparative
study, Tranter et al. (2009) found citalopram superior to reboxetine at two weeks for
improving accuracy of facial expression interpretation, but there was no difference in

outcome by six weeks of treatment.



Other treatments have been effective for improving accuracy in a specific
emotional valence: a single dose of oral reboxetine improved positive face recognition
(Harmer et al., 2009), while an intravenous infusion of citalopram improved fearful face
recognition (Bhagwagar et al., 2004). Recognition of angry faces improved following
both a course of ten rITMS treatments (Schutter et al., 2010) and inpatient psychiatric
management (Douglas et al., 2011).

There are other treatments that have not yet shown benefit for facial affect
recognition performance. For example, pharmacological approaches with sertraline
(Victor et al., 2013) or four weeks of inpatient psychotropic management (Gaebel and
Wolwer, 1992) were not effective in individual studies. Another study using duloxetine
therapy found no facial affect processing differences between depressed and control
participants at either baseline assessment or following treatment (Fu et al., 2015).
There was also no benefit detected for novel approaches using intravenous ketamine
(Shiroma et al., 2015), intranasal insulin (Cha et al., 2017) or omega-3

supplementation (Antypa et al., 2012).

Treatment may also have a role in correcting the underlying negative
interpretative bias observed in the processing of affective faces in major depressive
disorder. Escitalopram (Zhou et al., 2015) and intra-nasal oxytocin (Domes et al.,
2016a) were both found to be effective at reducing a pre-treatment bias toward
negative faces, while responders to rTMS demonstrated less inhibitory processing
against negative faces (Leyman et al., 2011). Surguladze et al. (2004) suggest this
relationship could be dose-dependent, as use of high-dose anti-depressants was
associated with a reduction in the bias toward labelling expressions as sad.
Interestingly, more frequent negative interpretations of neutral facial expressions in a
treated depressed population were associated with missed anti-depressant doses

(Keeley et al., 2007), suggesting adherence to treatment may be a relevant factor.

Evidence is more equivocal for psychological approaches. There was no
impact on overall facial affect recognition performance for depressed patients receiving
cognitive-behavioural therapy (CBT; Porter et al., 2016), schema therapy (Porter et al.,
2016), cognitive behavioural analysis system of psychotherapy (Klein et al., 2014) or
inpatient psychoanalytic-interactional group therapy (Karparova et al., 2005; Suslow
et al., 2004). In contrast, use of intensive short-term dynamic psychotherapy did result
in a clinically significant improvement in social cognitive performance compared to
wait-list controls (Ajilchi et al., 2018). However, in general, psychological approaches
may be more suited to addressing the negative interpretative bias. Both mindfulness-

based cognitive therapy (de Raedt et al.,, 2012) and inpatient psychoanalytic-
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interactional group therapy (Dannlowski et al., 2006) reduced the pre-treatment bias
toward negative faces. There may even be opportunity to develop psychological
approaches to specifically counter this interpretive bias, with one study finding that
training depressed students to perceive happiness over sadness in ambiguous facial
expressions led to improvements in mood (Penton-Voak et al., 2012).

The use of functional magnetic resonance imaging (fMRI) techniques may
assist in identifying prognostic markers for treatment response. The cingulate cortex
appears to be one area of particular significance, as clinical response to anti-
depressant treatment in depressed populations was predicted by increased baseline
activation of the rostral (Opmeer et al., 2016) and right subgenual (Keedwell et al.,
2010) anterior cingulate cortex to affective faces. Greater baseline anterior cingulate
cortex activity to faces also predicted treatment response to both CBT (Costafreda et
al., 2009) and the muscarinic antagonist scopolamine (Furey et al., 2015). As well as
having predictive value, increased baseline anterior cingulate activity may disappear
following therapy, as was the case for a group of patients treated with sertraline (Victor
et al., 2013). Of note, enhanced anterior cingulate responsiveness to affective faces
also correlated with a more rapid clinical improvement for both fluoxetine therapy
(Chenetal., 2007) and intravenous ketamine (Salvadore et al., 2009). Moreover, there
was a correlation between the degree of symptomatic improvement to anti-
depressants and level of right subgenual anterior cingulate activity (Keedwell et al.,
2009). Such findings suggest there could be an opportunity to target treatment to

patients with anterior cingulate hyperactivity.

Another functional area of potential importance is the amygdala. The amygdala
has an integral role in emotional processing and is known to be hyperactive in
depression, particularly for fearful stimuli (Whalen et al., 2002). There is now a
significant body of evidence suggesting that amygdala hyperactivity in response to
affective faces improves following treatment of depression, with attenuation observed
following use of escitalopram, sertraline, venlafaxine-XR and naturalistic anti-
depressant treatment (Redlich et al., 2017; Sheline et al., 2001; Williams et al., 2015).
Some treatments have been found to alter amygdala response to only a specific
valence of affective face. For example, activation to fearful faces improved with
citalopram (Anderson et al., 2011a) and escitalopram (Godlewska et al., 2012), while
sad faces responded to fluoxetine (Fu et al., 2004), citalopram (Arnone et al., 2012),
sertraline (Victor et al., 2010) and scopolamine (Szczepanik et al., 2016). Activation to
negative faces reduced following reboxetine therapy (Ruhé et al., 2012), with the

degree of change correlating with symptomatic improvement (Ruhé et al., 2014).
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Treatment with fluoxetine led to increased functional coupling during sad face
processing between the amygdala and other limbic structures, such as the right frontal
cortex, cingulate cortex, striatum and thalamus (Chen et al., 2008). Additionally, the
actions of psychotropics may target various other neural areas of interest, as outlined
in Tables 1-5 (Fales et al., 2009; Fu et al., 2007; Furey et al., 2013; Jiang et al., 2012;
Murrough et al., 2015; Samson et al., 2011).

Redlich et al. (2017) evaluated amygdala reactivity in response to sad faces
following either twelve sessions of ECT or pharmacotherapy. Both treatment
conditions attenuated amygdala activity in response to sad faces, suggesting a shared
neurobiological mechanism for ECT and pharmacotherapy on facial affect
interpretations in MDD. In a similar study by Miskowiak et al. (2017), the authors found
that a single session of ECT had no effect on amygdala reactivity in response to
emotional faces, suggesting that multiple ECT sessions are required to exert an effect

on social cognitive biases.

Psychological strategies may also help ameliorate amygdala activity, with
some evidence supporting both CBT (Fu et al.,, 2008) and cognitive behavioural
analysis system of psychotherapy (Klein et al., 2014). A novel technique using real-
time functional magnetic resonance imaging neurofeedback training was successful at

normalising amygdala responses toward affective facial stimuli (Young et al., 2017).

Notably, very few of the above treatment studies employed a randomised,
clinically controlled design with a longitudinal no-treatment control group. Accordingly,
the effect of treatment strategies on MDD cannot be disentangled from the natural
course of illness. At present, evidence for a treatment effect should therefore be

considered preliminary and indicates the need for controlled studies in this domain.

3.2.2 Affective scenes

Another popular target of social cognitive testing is interpretation of affective
pictures from standardised databases, such as the International Affective Picture
System (Lang et al., 1997). This task includes stimuli ranging from everyday objects
or scenes to more intensely emotive scenes, including extremes such as erotica or

mutilated bodies.

There is some emerging evidence that anti-depressant medication improves
behavioural performance on affective picture tasks. Wells et al. (2014) used a

naturalistic sample of depressed patients taking anti-depressant medication and
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observed a reduced negative interpretative bias compared to a group of unmedicated
depressed patients. Similarly, Rizvi et al. (2013) found that treatment non-responders
rated affective pictures as more aversive compared to those who responded to
therapy. Furthermore, the patients taking medication performed similarly to non-
depressed controls when interpreting affective scenes. In contrast, Wang et al. (2012)
found no improvement of accuracy in interpreting positively valenced pictures for

depressed patients compared to controls after eight weeks of fluoxetine.

One novel approach with some promising early results is intravenous
erythropoietin. A single dose was associated with reduced propensity to interpret
fearful stimuli (Miskowiak et al., 2010) and a significantly reduced rate of false
recollections of affective images presented (Miskowiak et al., 2009). Nevertheless,

additional research is needed to gauge the utility of erythropoietin on a wider scale.

Use of fMRI techniques may again be useful in identifying activation patterns
that indicate likelihood of response to treatment. One study employing combined
fluoxetine/olanzapine therapy found that response to treatment at six weeks could be
predicted by high baseline posterior cingulate cortex activity to positive images and

high baseline pre-motor cortex activity to negative images (Rizvi et al., 2013).

Multiple other studies using fMRI have demonstrated activation changes post
treatment, suggesting biological mechanisms by which anti-depressants act to
normalise the processing of affective stimuli. This is particularly noted for viewing
negatively valenced stimuli: a course of fluoxetine was associated with increased
activations of the right middle frontal gyrus (Wang et al., 2012), escitalopram with
attenuation in the amygdala (Rosenblau et al., 2012), venlafaxine-IR with enhanced
activation of the left insular and left anterior cingulate cortex (Davidson et al., 2003)
and buproprion-XL with decreased activations of the right inferior frontal cortex, right

anterior cingulate gyrus and right amygdala (Robertson et al., 2007).

Specific brain activations to positively valenced affective stimuli have also been
observed to normalise following treatment. Depressed patients treated with fluoxetine
showed decreased activation in the right insula and left anterior cingulate cortex (Wang
et al., 2012), while those treated with venlafaxine had normalised activation in the right
secondary visual cortex for positively valenced stimuli (Kalin et al., 1997). Additionally,
treatment may reduce attentional bias toward negative stimuli, as patients receiving
anti-depressant medication were found to be more attentive to positive affective stimuli

following treatment (Wells et al., 2014).
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Other studies have detected neural changes following treatment that were
independent of the emotional valence of the stimuli. Mirtazapine therapy was
associated with attenuated right parietal region hypoactivation and increased bilateral
dorsolateral prefrontal cortex activity in depressed compared to non-depressed
subjects (Domschke et al., 2016). Schaefer et al. (2006) found that depressed patients
demonstrated widespread neural hypoactivity at baseline across the pre-frontal cortex,
hippocampus, insula, basal ganglia and temporal and parietal cortices. This pattern
normalised following venlafaxine therapy. Clinical improvement with buproprion-XL
was associated with increased activation of the middle frontal gyrus to affective stimuli
(Robertson et al.,, 2007). However, Chen et al. (2014) found no overall change to
amygdala activity when viewing emotional stimuli following six weeks of escitalopram

therapy.

There is limited support for the use of procedural therapies, with Boggio et al.
(2007) showing that depressed patients receiving a single session of rTMS had
improved performance on an affective go-no-go task compared to sham therapy. A
separate study looking at a four-week course of electro-convulsive therapy (ECT)
found no improvement for depressed subjects compared to controls at interpreting
affective stimuli, although bilateral parietal hypoactivation on

magnetoencephalography normalised following treatment (Zwanzger et al., 2016).

Limited data are available regarding psychological therapies in this area.
Ritchey et al. (2011) found no overall improvement in depressed patients’ ability to
interpret affective pictures compared to controls following a course of CBT. However,
following therapy, depressed patients exhibited increased activation of multiple brain
regions involved in the processing of emotionally salient information, including the pre-

frontal cortex, amygdala, caudate and hippocampus.

3.2.3 Theory of mind

Another potential target of treatment is theory of mind, defined as the capacity
to infer the thoughts, intentions and feelings of others. Treatments targeted in this area

have predominantly been psychological or procedural.

Inpatient psychoanalytic-interactional group therapy over an average period of
seven weeks improved the performance of depressed patients on a task relating to
mentalisation from both the self and other perspectives (Donges et al., 2005). Despite
this improvement following treatment, the depressed group still did not reach the

performance level of non-depressed controls. Another study by Shiota et al. (2017)
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considered behavioural activation strategies in a mildly depressed population, finding
improved reaction times and increased activation in the dorsomedial pre-frontal cortex
when attending to positively valenced stimuli on a similar task relating to self and other
mentalisation. Smith et al. (2018) evaluated a computerised interpretation bias training
programme, which involved training participants to consider neutral or positive
explanations for ambiguous social scenarios. Relative to a control condition, the bias
modification programme resulted in greater reductions in hostile social interpretations
and increased benign interpretations. However, these advantages did not extend to
depressive interpretation biases (e.g., pessimism), suggesting that bias modification

may be more effective in reducing anger/hostility than low mood.

Regarding procedural therapies, Merkl et al. (2016) gave treatment-resistant
depressed subjects six months of deep brain stimulation in the subgenual anterior
cingulate cortex and found that these patients experienced a significant reduction of
negative bias in their empathic responses compared to controls. Ridout et al. (2007)
had previously demonstrated that treatment-resistant depressed patients with pre-
existing anterior cingulotomy and anterior capsulotomy had significantly impaired
theory of mind performance to both depressed patients without psychosurgery and
non-depressed controls. Thus, this region appears to have an important mechanistic

role and may be an important target for treatment.

The single available pharmacological study considered the utility of
mineralocorticoid receptor blockade (using spironolactone) on theory of mind, but use
of this agent in depressed patients had no effect of emotional empathy compared to
controls, although did decrease cognitive empathy scores on one measure
(Wingenfeld et al., 2016).

3.2.4 Auditory/prosodic stimuli

Very limited evidence is available to assess the role of interventions addressing
social cognitive deficits in the interpretation of prosody in major depressive disorder,
although one study has investigated the impact of ECT. Christ et al. (2008) found that
depressed patients had significantly improved performance interpreting affective
prosody following a course of ECT. This remains an area in need of additional research
to both confirm the generalisability of these findings and explore whether other
treatment modalities may also play a role in correcting dysfunction in prosody

interpretation in depressed populations.
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4. Discussion

In major depressive disorder, impaired social cognitive performance is
associated with poor psychosocial functioning in domains of general cognitive
functioning and quality of life. These difficulties may be mediated through processes
such as mentalisation, verbal communication, interpersonal interaction and the key
cognitive skills of executive functioning and memory. Considerably less research exists
on the link between social cognitive abilities and either social performance or
emotional/empathic ability. With only indirect evidence available in these domains, the
effect of social cognition in social and emotional performance remains speculative.
While general cognition may play a broader role in functioning, the available literature
suggests that social cognitive impairments are clinically significant and contribute to

the burden of disease in major depressive disorder.

Many existing treatments for major depressive disorder are found to also
improve social cognition. This implies that social cognitive deficits share common
aetiological antecedents with the targets of current biological and psychological
interventions. Certain medications, psychotherapy modalities and procedural
interventions appear to increase accuracy in interpreting social information and reduce
underlying negative interpretative bias. There is also an emerging body of work
suggesting a normalising effect of treatments at a neural level. While psychological
therapies promote distinct behavioural and cognitive changes, these may be partially
mediated by underlying neurobiological change. In fact, current data suggests
psychotropic and psychological therapies engage in shared mechanisms of action, as
both treatment modalities appear to affect neurobiological and psychological
components of social cognitive function. These findings align with previous work
(DeRubeis et al., 2008; Kennedy et al., 2007), which identified substantial overlap in
the underlying neurobiological mechanisms of selective serotonin reuptake inhibitors
and CBT in the treatment of MDD.

Anti-depressants, in particular citalopram and reboxetine, appear to improve
performance on facial affect recognition tasks and, to a lesser extent, for tasks
involving interpretation of affective pictures. These effects are mediated through
activity within specific neurohormonal pathways, notably within the limbic system.
Areas of particular potential include the anterior cingulate cortex and amygdala, which
is unsurprising given the established role these structures have in emotional
processing. Medications targeting these areas may develop into specific treatments
for social cognitive deficits, while more invasive therapies such as deep brain

stimulation may eventually also have a role.
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In contrast, a psychotherapeutic approach was generally better suited for
treating theory of mind deficits and negative interpretative bias, with only limited benefit
in improving overall accuracy rates. Intensive inpatient therapy and behavioural
activation in particular were efficacious, while there is a theoretical basis for the use of
cognitive and mentalisation-based approaches as well.

Much scarcer data is available for other treatments. ECT may have a role in
the interpretation of prosody in major depressive disorder, while patients who receive
rTMS and tDCS have shown improved facial affect recognition in single research
studies. However, it is unclear whether improvements following these procedural
interventions are closely associated with or independent of general clinical
improvement (Berlim et al., 2012). This area of investigation is very much in its infancy
and needs replication in larger trials, in which treatment of social cognitive deficits are
considered a primary clinical outcome. Likewise, clinical trials of psychological

interventions for social cognitive deficits in MDD are warranted.

The findings of the present review highlight important prognostic markers that
could become valuable indicators of treatment response for social cognitive deficits or
the associated psychosocial dysfunction. In particular, the fMRI findings suggest
important roles of the anterior cingulate cortex and amygdala. Overactivity in these
regions may signal hypersensitivity to facial affect, which primarily manifests as
increased perception of negative emotions (e.g. fear, anger) in depressed individuals.
Given that hypersensitivity to negative facial affect appears associated with reduced
social performance, social isolation and reduced empathy, it is hypothesised that
activity in these regions could become a prognostic aid in gauging the severity of
psychosocial deficits and predict the potential benefit of targeting underlying social

cognitive distortions in the interpretation of facial affect.

Many current treatments for depression appear to have a role in the treatment
of social cognitive deficits and the associated psychosocial functional impairments.
Future developments in personalised medicine could potentially identify neural
patterns that either indicate the use of a particular treatment or provide prognostic
information about the likelihood of response to intervention. The impact and treatment
of social cognitive deficits in major depressive disorder remains an important emerging

field for future research.

17



Acknowledgements

The authors would like to thank Karen Hill from the South Australian Library
Services for her expertise and assistance in developing and refining the literature
search. The authors also thank Alison Weightman for her efforts in proofreading the

manuscript.

Funding sources

This research did not receive any specific grant from funding agencies in the

public, commercial or not-for-profit sectors.

Conflict of interest

Michael Weightman and Matthew Knight declare no relevant conflicts of

interest.

Bernhard Baune has received speaker and/or consultation fees from
AstraZeneca, Lundbeck, Pfizer, Takeda, Servier, Bristol Myers Squibb, Otsuka and

Janssen-Cilag.

References

Ajilchi, B., Kisely, S., Nejati, V., Frederickson, J., 2018. Effects of intensive short-term
dynamic psychotherapy on social cognition in major depression. J. Ment.
Health Early Online, 1-5.

American Psychiatric Association, 2013. Diagnostic and Statistical Manual of Mental
Disorders (5th ed). American Psychiatric Publishing, Arlington, VA, USA.

Anderson, I.M., Juhasz, G., Thomas, E., Downey, D., McKie, S., Deakin, J.W., et al.,
2011a. The effect of acute citalopram on face emotion processing in remitted

depression: A pharmacoMRI study. Eur. Neuropsychopharmacol. 21, 140-148.

Anderson, .M., Shippen, C., Juhasz, G., Chase, D., Thomas, E., Downey, D., et al.,
2011b. State-dependent alteration in face emotion recognition in depression.
Br. J. Psychiatry 198, 302-308.

Antypa, N., Smelt, A.H., Strengholt, A., Van der Does, A.W., 2012. Effects of omega-
3 fatty acid supplementation on mood and emotional information processing in

recovered depressed individuals. J. Psychopharmacol. 26, 738-743.

18



Arnone, D., McKie, S., Elliott, R., Thomas, E.J., Downey, D., Juhasz, G., et al., 2012.
Increased amygdala responses to sad but not fearful faces in major
depression: Relation to mood state and pharmacological treatment. Am. J.
Psychiatry 169, 841-850.

Arteche, A., Joormann, J., Harvey, A., Craske, M., Gotlib, I.H., Lehtonen, A., et al.,
2011. The effects of postnatal maternal depression and anxiety on the
processing of infant faces. J. Affect. Disord. 133, 197-203.

Bayliss, A.P., Tipper, S.P., Wakeley, J., Cowen, P.J., Rogers, R.D., 2017. Vulnerability
to depression is associated with a failure to acquire implicit social appraisals.
Cogn. Emot. 31, 825-833.

Beck, A.T., 1963. Thinking and depression: I. idiosyncratic content and cognitive
distortions. Arch. Gen. Psychiatry 9, 324-333.

Berlim, M.T., McGirr, A., Beaulieu, M.-M., Turecki, G., 2012. Theory of mind in subjects
with major depressive disorder: Is it influenced by repetitive transcranial
magnetic stimulation? World. J. Biol. Psychiatry 13, 474-479.

Bhagwagar, Z., Cowen, P.J., Goodwin, G.M., Harmer, C.J., 2004. Normalization of
enhanced fear recognition by acute SSRI treatment in subjects with a previous
history of depression. Am. J. Psychiatry 161, 166-168.

Bird, T., Tarsia, M., Schwannauer, M., 2018. Interpersonal styles in major and chronic
depression: A systematic review and meta-analysis. J. Affect. Disord. 239, 93-
101.

Boggio, P.S., Bermpohl, F., Vergara, A.O., Muniz, A.L., Nahas, F.H., Leme, P.B., et
al., 2007. Go-no-go task performance improvement after anodal transcranial
DC stimulation of the left dorsolateral prefrontal cortex in major depression. J.
Affect. Disord. 101, 91-98.

Brennan, S., McLoughlin, D.M., O'Connell, R., Bogue, J., O'Connor, S., McHugh, C.,
etal., 2017. Anodal transcranial direct current stimulation of the left dorsolateral
prefrontal cortex enhances emotion recognition in depressed patients and
controls. J. Clin. Exp. Neuropsychol. 39, 384-395.

Cha, D.S., Best, M.W., Bowie, C.R., Gallaugher, L.A., Woldeyohannes, H.O.,
Soczynska, J.K., et al., 2017. A randomized, double-blind, placebo-controlled,
crossover trial evaluating the effect of intranasal insulin on cognition and mood
in individuals with treatment-resistant major depressive disorder. J. Affect.
Disord. 210, 57-65.

19



Chen, C.-H., Ridler, K., Suckling, J., Williams, S., Fu, C.H., Merlo-Pich, E., et al., 2007.
Brain imaging correlates of depressive symptom severity and predictors of
symptom improvement after antidepressant treatment. Biol. Psychiatry 62,
407-414.

Chen, C.H., Suckling, J., Ooi, C., Fu, C.H., Williams, S.C., Walsh, N.D., et al., 2008.
Functional coupling of the amygdala in depressed patients treated with
antidepressant medication. Neuropsychopharmacol. 33, 1909-1918.

Chen, Y.-T., Huang, M.-W., Hung, 1.-C., Lane, H.-Y., Hou, C.-J., 2014. Right and left
amygdalae activation in patients with major depression receiving

antidepressant treatment, as revealed by fMRI. Behav. Brain Funct. 10, 36.

Christ, M., Michael, N., Hihn, H., Schiittke, A., Konrad, C., Baune, B.T., et al., 2008.
Auditory processing of sine tones before, during and after ECT in depressed
patients by fMRI. J. Neural. Transm. 115, 1199-1211.

Costafreda, S.G., Khanna, A., Mourao-Miranda, J., Fu, C.H., 2009. Neural correlates
of sad faces predict clinical remission to cognitive behavioural therapy in

depression. Neuroreport. 20, 637-641.

Cusi, A.M., MacQueen, G.M., Spreng, R.N., McKinnon, M.C., 2011. Altered empathic
responding in major depressive disorder: Relation to symptom severity, illness

burden, and psychosocial outcome. Psychiatry Res. 188, 231-236.

Cusi, A.M., Nazarov, A., MacQueen, G.M., McKinnon, M.C., 2013. Theory of mind
deficits in patients with mild symptoms of major depressive disorder. Psychiatry
Res. 210, 672-674.

Dannlowski, U., Kersting, A., Donges, U.S., Lalee—Mentzel, J., Arolt, V., Suslow, T.,
2006. Masked facial affect priming is associated with therapy response in

clinical depression. Eur. Arch. Psychiatry Clin. Neurosci. 256, 215-221.

Darwin, C., 1872. The Expression of the Emotions in Man and Animals. John Murray
Publishers, London, UK.

Davidson, R.J., Irwin, W., Anderle, M.J., Kalin, N.H., 2003. The neural substrates of
affective processing in depressed patients treated with venlafaxine. Am. J
.Psychiatry 160, 64-75.

de Raedt, R., Baert, S., Demeyer, |., Goeleven, E., Raes, A., Visser, A., et al., 2012.
Changes in attentional processing of emotional information following

mindfulness-based cognitive therapy in people with a history of depression:

20



Towards an open attention for all emotional experiences. Cognit. Ther. Res.
36, 612-620.

Derntl, B., Seidel, E.M., Eickhoff, S.B., Kellermann, T., Gur, R.C., Schneider, F., et al.,
2011. Neural correlates of social approach and withdrawal in patients with
major depression. Soc. Neurosci. 6, 482-501.

DeRubeis, R.J., Siegle, G.J., Hollon, S.D., 2008. Cognitive therapy versus medication
for depression: treatment outcomes and neural mechanisms. Nat. Rev.
Neurosci. 9, 788.

Deveney, C.M., Deldin, P.J., 2004. Memory of faces: A slow wave ERP study of major
depression. Emotion 4, 295-304.

Domes, G., Normann, C., Heinrichs, M., 2016a. The effect of oxytocin on attention to

angry and happy faces in chronic depression. BMC Psychiatry 16, 92.

Domes, G., Spenthof, |., Radtke, M., Isaksson, A., Normann, C., Heinrichs, M., 2016b.
Adutistic traits and empathy in chronic vs. episodic depression. J. Affect. Disord.
195, 144-147.

Domschke, K., Zwanzger, P., Rehbein, M.A., Steinberg, C., Knoke, K., Dobel, C., et
al.,, 2016. Magnetoencephalographic correlates of emotional processing in
major depression before and after pharmacological treatment. Int. J.

Neuropsychopharmacol. 19, 1-9.

Donges, U.-S., Kersting, A., Dannlowski, U., Lalee-Mentzel, J., Arolt, V., Suslow, T.,
2005. Reduced awareness of others' emotions in unipolar depressed patients.
J. Nerv. Ment. Dis. 193, 331-337.

Doose-Grunefeld, S., Eickhoff, S.B., Mduller, V.l., 2015. Audiovisual emaotional
processing and neurocognitive functioning in patients with depression. Front.
Integr. Neurosci. 9, 1-13.

Douglas, K.M., Porter, R.J., Knight, R.G., Maruff, P., 2011. Neuropsychological
changes and treatment response in severe depression. Br. J. Psychiatry 198,
115-122.

Ekman, P., Friesen, W.V., 1971. Constants across cultures in the face and emotion. J.
Pers. Soc. Psychol. 17, 124-129.

Ekman, P., Friesen, W.V., 1976. Pictures of Facial Affect. Consulting Psychologists
Press, Palo Alto, CA, USA.

21



Fales, C.L., Barch, D.M., Rundle, M.M., Mintun, M.A., Mathews, J., Snyder, A.Z., et
al., 2009. Antidepressant treatment normalizes hypoactivity in dorsolateral
prefrontal cortex during emotional interference processing in major depression.
J. Affect. Disord. 112, 206-211.

Forster, K., Jorgens, S., Air, T., Blrger, C., Enneking, V., Redlich, R., et al., 2018. The
relationship between social cognition and executive function in major
depressive disorder in high-functioning adolescents and young adults.
Psychiatry Res. 263, 139-146.

Fu, C.H., Costafreda, S.G., Sankar, A., Adams, T.M., Rasenick, M.M., Liu, P., et al.,
2015. Multimodal functional and structural neuroimaging investigation of major
depressive disorder following treatment with duloxetine. BMC Psychiatry 15,
82.

Fu, C.H., Williams, S.C., Brammer, M.J., Suckling, J., Kim, J., Cleare, A.J., et al., 2007.
Neural responses to happy facial expressions in major depression following

antidepressant treatment. Am. J. Psychiatry 164, 599-607.

Fu, C.H., Williams, S.C., Cleare, A.J., Brammer, M.J., Walsh, N.D., Kim, J., etal., 2004.
Attenuation of the neural response to sad faces in major depression by
antidepressant treatment: A prospective, event-related functional magnetic

resonance imaging study. Arch. Gen. Psychiatry 61, 877-889.

Fu, C.H., Williams, S.C., Cleare, A.J., Scott, J., Mitterschiffthaler, M.T., Walsh, N.D.,
et al., 2008. Neural responses to sad facial expressions in major depression

following cognitive behavioral therapy. Biol. Psychiatry 64, 505-512.

Furey, M.L., Drevets, W.C., Hoffman, E.M., Frankel, E., Speer, A.M., Zarate, C.A,,
2013. Potential of pretreatment neural activity in the visual cortex during
emotional processing to predict treatment response to scopolamine in major
depressive disorder. JAMA Psychiatry 70, 280-290.

Furey, M.L., Drevets, W.C., Szczepanik, J., Khanna, A., Nugent, A., Zarate, C.A.,,
2015. Pretreatment differences in BOLD response to emotional faces correlate
with antidepressant response to scopolamine. Int. J. Neuropsychopharmacol.
18, 1-10.

Gaebel, W., Woélwer, W., 1992. Facial expression and emotional face recognition in
schizophrenia and depression. Eur. Arch. Psychiatry Clin. Neurosci. 242, 46-
52.

22



Gilboa-Schechtman, E., Ben-Artzi, E., Jeczemien, P., Marom, S., Hermesh, H., 2004.
Depression impairs the ability to ignore the emotional aspects of facial
expressions: Evidence from the Garner task. Cogn. Emot. 18, 209-231.

Godlewska, B., Norbury, R., Selvaraj, S., Cowen, P., Harmer, C., 2012. Short-term
SSRI treatment normalises amygdala hyperactivity in depressed patients.
Psychol. Med. 42, 2609-2617.

Harmer, C., O'Sullivan, U., Favaron, E., Massey-Chase, R., Ayres, R., Reinecke, A.,
et al., 2009. Effect of acute antidepressant administration on negative affective
bias in depressed patients. Am. J. Psychiatry 166, 1178-1184.

Holdnack, J., Goldstein, G., Drozdick, L., 2011. Social Perception and WAIS-IV
performance in adolescents and adults diagnosed with Asperger's syndrome
and autism. Assess. 18, 192-200.

Jiang, W., Yin, Z., Pang, Y., Wu, F., Kong, L., Xu, K., 2012. Brain functional changes
in facial expression recognition in patients with major depressive disorder
before and after antidepressant treatment: A functional magnetic resonance

imaging study. Neural Regen. Res. 7, 1151.

Kalin, N.H., Davidson, R.J., lIrwin, W., Warner, G., Orendi, J.L., Sutton, S.K., et al.,
1997. Functional magnetic resonance imaging studies of emotional processing
in normal and depressed patients: effects of venlafaxine. J. Clin. Psychiatry 58,
32-39.

Kandalaft, M.R., Didehbani, N., Cullum, C.M., Krawczyk, D.C., Allen, T.T., Tamminga,
C.A. etal, 2012. The Wechsler ACS Social Perception Subtest: A preliminary
comparison with other measures of social cognition. J. Psychoeduc. Assess.
30, 455-465.

Karparova, S.P., Kersting, A., Suslow, T., 2005. Disengagement of attention from facial

emotion in unipolar depression. Psychiatry Clin. Neurosci. 59, 723-729.

Keedwell, P., Drapier, D., Surguladze, S., Giampietro, V., Brammer, M., Phillips, M.,
2009. Neural markers of symptomatic improvement during antidepressant
therapy in severe depression: Subgenual cingulate and visual cortical
responses to sad, but not happy, facial stimuli are correlated with changes in

symptom score. J. Psychopharmacol. 23, 775-788.

Keedwell, P.A., Drapier, D., Surguladze, S., Giampietro, V., Brammer, M., Phillips, M.,

2010. Subgenual cingulate and visual cortex responses to sad faces predict

23



clinical outcome during antidepressant treatment for depression. J. Affect.
Disord. 120, 120-125.

Keeley, R.D., Davidson, A.J., Crane, L.A., Matthews, B., Pace, W., 2007. An
association between negatively biased response to neutral stimuli and
antidepressant nonadherence. J. Psychosom. Res. 62, 535-544.

Kennedy, S.H., Konarski, J.Z., Segal, Z.V., Lau, M.A., Bieling, P.J., Mcintyre, R.S., et
al., 2007. Differences in brain glucose metabolism between responders to CBT
and venlafaxine in a 16-week randomized controlled trial. Am. J. Psychiatry
164, 778-788.

Klein, J.P., Becker, B., Hurlemann, R., Scheibe, C., Colla, M., Heuser, I., 2014. Effect
of specific psychotherapy for chronic depression on neural responses to
emotional faces. J. Affect. Disord. 166, 93-97.

Knight, M.J., Baune, B.T., 2018a. Cognitive dysfunction in major depressive disorder.
Curr. Opin. Psychiatry 31, 26-31.

Knight, M.J., Baune, B.T., 2018b. Social cognitive abilities predict psychosocial

dysfunction in major depressive disorder. Depress. Anxiety, 1-9.

Koelkebeck, K., Liedtke, C., Kohl, W., Alferink, J., Kret, M.E., 2017. Attachment style
moderates theory of mind abilities in depression. J. Affect. Disord. 213, 156-
160.

Lang, P.J., Bradley, M.M., Cuthbert, B.N., 1997. International Affective Picture System
(IAPS): Technical manual and affective ratings. NIMH Center for the Study of
Emotion and Attention, Florida, USA.

Levens, S.M., Gotlib, I.H., 2010. Updating positive and negative stimuli in working
memory in depression. J. Exp. Psychol. Gen. 139, 654-664.

Lewinsohn, P.M., 1974. A behavioral approach to depression, in: Coyne, J.C. (Ed.),
Essential Papers on Depression. New York University Press, New York, USA,
pp. 150-172.

Leyman, L., de Raedt, R., Vanderhasselt, M.-A., Baeken, C., 2011. Effects of repetitive
transcranial magnetic stimulation of the dorsolateral prefrontal cortex on the
attentional processing of emotional information in major depression: A pilot
study. Psychiatry Res. 185, 102-107.

Loi, F., Vaidya, J.G., Paradiso, S., 2013. Recognition of emotion from body language

among patients with unipolar depression. Psychiatry Res. 209, 40-49.

24



MacDonald, K., MacDonald, T.M., Briine, M., Lamb, K., Wilson, M.P., Golshan, S., et
al., 2013. Oxytocin and psychotherapy: A pilot study of its physiological,
behavioral and subjective effects in males with depression.
Psychoneuroendocrinology 38, 2831-2843.

Macrae, J., Pearson, R., Lee, R., Chauhan, D., Bennert, K., Burns, A., et al., 2015.
The impact of depression on maternal responses to infant faces in pregnancy.
Infant Ment. Health J. 36, 588-598.

Merkl, A., Neumann, W.-J., Huebl, J., Aust, S., Horn, A., Krauss, J.K., et al., 2016.
Modulation of beta-band activity in the subgenual anterior cingulate cortex
during emotional empathy in treatment-resistant depression. Cereb. Cortex 26,
2626-2638.

Miskowiak, K.W., Favaron, E., Hafizi, S., Inkster, B., Goodwin, G.M., Cowen, P.J., et
al., 2009. Effects of erythropoietin on emotional processing biases in patients
with major depression: An exploratory fMRI study. Psychopharmacol. 207, 133-
142.

Miskowiak, K.W., Favaron, E., Hafizi, S., Inkster, B., Goodwin, G.M., Cowen, P.J., et
al.,, 2010. Erythropoietin modulates neural and cognitive processing of
emotional information in biomarker models of antidepressant drug action in

depressed patients. Psychopharmacol. 210, 419-428.

Miskowiak, K.W., Kessing, L.V., Ott, C.V., Macoveanu, J., Harmer, C.J., Jgrgensen,
A., et al., 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. J. Psychopharmacol.
31, 1215-1224.

Moher, D., Liberati, A., Tetzlaff, J., Altman, D.G., Group, P., 2009. Preferred reporting
items for systematic reviews and meta-analyses: the PRISMA statement. PLoS
Med. 6, €1000097.

Murrough, J., Collins, K., Fields, J., DeWilde, K., Phillips, M., Mathew, S., et al., 2015.
Regulation of neural responses to emotion perception by ketamine in
individuals with treatment-resistant major depressive disorder. Transl.
Psychiatry 5, e509.

Naudin, M., Carl, T., Surguladze, S., Guillen, C., Gaillard, P., Belzung, C., et al., 2014.

Perceptive biases in major depressive episode. PLoS One 9, e86832.

25



Opmeer, E.M., Kortekaas, R., Tol, M.J., Renken, R.J., Demenescu, L.R., Woudstra,
S., etal., 2016. Changes in regional brain activation related to depressive state:
A 2-year longitudinal functional MRI study. Depress. Anxiety 33, 35-44.

Penton-Voak, |.S., Bate, H., Lewis, G., Munafd, M.R., 2012. Effects of emotion
perception training on mood in undergraduate students: Randomised
controlled trial. Br. J. Psychiatry 201, 71-72.

Persad, S.M., Polivy, J., 1993. Differences between depressed and nondepressed
individuals in the recognition of and response to facial emotional cues. J.
Abnorm. Psychol. 102, 358.

Phillips, L.H., Scott, C., Henry, J.D., Mowat, D., Bell, J.S., 2010. Emotion perception in

Alzheimer's disease and mood disorder in old age. Psychol. Aging 25, 38-47.

Porter, R., Bourke, C., Carter, J., Douglas, K., McIntosh, V., Jordan, J., et al., 2016.
No change in neuropsychological dysfunction or emotional processing during
treatment of major depression with cognitive-behaviour therapy or schema
therapy. Psychol. Med. 46, 393-404.

Radke, S., Schafer, I.C., Muller, B.W., de Bruijn, E.R., 2013. Do different fairness
contexts and facial emotions motivate ‘irrational’ social decision-making in

major depression? An exploratory patient study. Psychiatry Res. 210, 438-443.

Redlich, R., Burger, C., Dohm, K., Grotegerd, D., Opel, N., Zaremba, D., et al., 2017.
Effects of electroconvulsive therapy on amygdala function in major depression—
a longitudinal functional magnetic resonance imaging study. Psychol. Med. 47,
2166-2176.

Ridout, N., O’'Carroll, R.E., Dritschel, B., Christmas, D., Eljamel, M., Matthews, K.,
2007. Emotion recognition from dynamic emotional displays following anterior
cingulotomy and anterior capsulotomy for chronic depression.
Neuropsychologia 45, 1735-1743.

Ritchey, M., Dolcos, F., Eddington, K.M., Strauman, T.J., Cabeza, R., 2011. Neural
correlates of emotional processing in depression: Changes with cognitive
behavioral therapy and predictors of treatment response. J. Psychiatr. Res. 45,
577-587.

Rizvi, S.J., Salomons, T.V., Konarski, J.Z., Downar, J., Giacobbe, P., Mcintyre, R.S.,
et al., 2013. Neural response to emotional stimuli associated with successful
antidepressant treatment and behavioral activation. J. Affect. Disord. 151, 573-
581.

26



Ro, E., Clark, L.A., 2009. Psychosocial functioning in the context of diagnosis:
Assessment and theoretical issues. Psychol. Assess. 21, 313-324.

Robertson, B., Wang, L., Diaz, M.T., Aiello, M., Gersing, K., Beyer, J., et al., 2007.
Effect of bupropion extended release on negative emotion processing in major
depressive disorder: A pilot functional magnetic resonance imaging study. J.
Clin. Psychiatry 68, 261-267.

Rosenblau, G., Sterzer, P., Stoy, M., Park, S., Friedel, E., Heinz, A., et al., 2012.
Functional neuroanatomy of emotion processing in major depressive disorder
is altered after successful antidepressant therapy. J. Psychopharmacol. 26,
1424-1433.

Ruhé, H.G., Booij, J., Veltman, D.J., Michel, M.C., Schene, A.H., 2012. Successful
pharmacological treatment of major depressive disorder attenuates amygdala
activation to negative facial expressions: A functional magnetic resonance
imaging study. J. Clin. Psychiatry 73, 451-459.

Ruhé, H.G., Koster, M., Booij, J., van Herk, M., Veltman, D.J., Schene, A.H., 2014.
Occupancy of serotonin transporters in the amygdala by paroxetine in
association with attenuation of left amygdala activation by negative faces in

major depressive disorder. Psychiatry Res. Neuroimaging 221, 155-161.

Salvadore, G., Cornwell, B.R., Colon-Rosario, V., Coppola, R., Grillon, C., Zarate,
C.A., et al., 2009. Increased anterior cingulate cortical activity in response to
fearful faces: A neurophysiological biomarker that predicts rapid

antidepressant response to ketamine. Biol. Psychiatry 65, 289-295.

Samson, A.C., Meisenzahl, E., Scheuerecker, J., Rose, E., Schoepf, V., Wiesmann,
M., et al., 2011. Brain activation predicts treatment improvement in patients

with major depressive disorder. J. Psychiatr. Res. 45, 1214-1222.

Schaefer, H.S., Putnam, K.M., Benca, R.M., Davidson, R.J., 2006. Event-related
functional magnetic resonance imaging measures of neural activity to positive
social stimuli in pre- and post-treatment depression. Biol. Psychiatry 60, 974-
986.

Schneider, D., Regenbogen, C., Kellermann, T., Finkelmeyer, A., Kohn, N., Derntl, B.,
et al.,, 2012. Empathic behavioral and physiological responses to dynamic

stimuli in depression. Psychiatry Res. 200, 294-305.

Schutter, D.J., van Honk, J., Laman, M., Vergouwen, A.C., Koerselman, F., 2010.

Increased sensitivity for angry faces in depressive disorder following 2 weeks

27



of 2-Hz repetitive transcranial magnetic stimulation to the right parietal cortex.
Int. J. Neuropsychopharmacol. 13, 1155-1161.

Segal, H.G., Westen, D., Lohr, N.E., Silk, K.R., 1993. Clinical assessment of object
relations and social cognition using stories told to the picture arrangement
subtest of the WAIS-R. J. Pers. Assess. 61, 58-80.

Sheline, Y.1., 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
subjects resolves with antidepressant treatment: An fMRI study. Biol.
Psychiatry 50, 651-658.

Shiota, S., Okamoto, Y., Okada, G., Takagaki, K., Takamura, M., Mori, A., etal., 2017.
Effects of behavioural activation on the neural basis of other perspective self-
referential processing in subthreshold depression: A functional magnetic

resonance imaging study. Psychol. Med. 47, 877-888.

Shiroma, P.R., Albott, C.S., Johns, B., Thuras, P., Wels, J., Lim, K.O., 2015. The effect
of repeated ketamine infusion over facial emotion recognition in treatment-
resistant depression: A preliminary report. J. Neuropsychiatry Clin. Neurosci.
27, 362-364.

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. Int. J. Geriatr. Psychiatry 29, 1132-1139.

Smith, H.L., Dillon, K.H., Cougle, J.R., 2018. Modification of hostile interpretation bias

in depression: A randomized controlled trial. Behav. Ther. 49, 198-211.

Stein, A., Arteche, A., Lehtonen, A., Craske, M., Harvey, A., Counsell, N., et al., 2010.
Interpretation of infant facial expression in the context of maternal postnatal
depression. Infant Behav. Dev. 33, 273-278.

Surguladze, S.A., Young, A.W., Senior, C., Brebion, G., Travis, M.J., Phillips, M.L.,
2004. Recognition accuracy and response bias to happy and sad facial

expressions in patients with major depression. Neuropsychol. 18, 212-218.

Suslow, T., Dannlowski, U., Lalee-Mentzel, J., Donges, U.-S., Arolt, V., Kersting, A.,
2004. Spatial processing of facial emotion in patients with unipolar depression:
A longitudinal study. J. Affect. Disord. 83, 59-63.

28



Szanto, K., Dombrovski, A.Y., Sahakian, B.J., Mulsant, B.H., Houck, P.R., Reynolds,
C.F., etal., 2012. Social emotion recognition, social functioning, and attempted
suicide in late-life depression. Am. J. Geriatr. Psychiatry 20, 257-265.

Szczepanik, J., Nugent, A.C., Drevets, W.C., Khanna, A., Zarate, C.A., Furey, M.L.,
2016. Amygdala response to explicit sad face stimuli at baseline predicts
antidepressant treatment response to scopolamine in major depressive

disorder. Psychiatry Res. Neuroimaging 254, 67-73.

Thoma, P., Schmidt, T., Juckel, G., Norra, C., Suchan, B., 2015. Nice or effective?
Social problem solving strategies in patients with major depressive disorder.
Psychiatry Res. 228, 835-842.

Tranter, R., Bell, D., Gutting, P., Harmer, C., Healy, D., Anderson, |.M., 2009. The
effect of serotonergic and noradrenergic antidepressants on face emotion

processing in depressed patients. J. Affect. Disord. 118, 87-93.

Uekermann, J., Abdel-Hamid, M., Lehmkaemper, C., Volimoeller, W., Daum, I., 2008a.
Perception of affective prosody in major depression: A link to executive
functions? J. Int. Neuropsychol. Soc. 14, 552-561.

Uekermann, J., Channon, S., Lehmkamper, C., Abdel-Hamid, M., Vollmoeller, W.,
Daum, I., 2008b. Executive function, mentalizing and humor in major

depression. J. Int. Neuropsychol. Soc. 14, 55-62.

Victor, T.A., Furey, M.L., Fromm, S.J., Ohman, A., Drevets, W.C., 2010. Relationship
between amygdala responses to masked faces and mood state and treatment

in major depressive disorder. Arch. Gen. Psychiatry 67, 1128-1138.

Victor, T.A., Furey, M.L., Fromm, S.J., Ohman, A., Drevets, W.C., 2013. Changes in
the neural correlates of implicit emotional face processing during
antidepressant treatment in major depressive disorder. Int. J.
Neuropsychopharmacol. 16, 2195-2208.

Wang, Y., Xu, C., Cao, X., Gao, Q., Li, J., Liu, Z., et al.,, 2012. Effects of an
antidepressant on neural correlates of emotional processing in patients with

major depression. Neurosci. Lett. 527, 55-59.

Weightman, M.J., Air, T.M., Baune, B.T., 2014. A review of the role of social cognition

in major depressive disorder. Front. Psychiatry 5, 1-13.

29



Wells, T.T., Clerkin, E.M., Ellis, A.J., Beevers, C.G., 2014. Effect of antidepressant
medication use on emotional information processing in major depression. Am.
J. Psychiatry 171, 195-200.

Whalen, P., Shin, L.M., Somerville, L.H., McLean, A.A., Kim, H., 2002. Functional
neuroimaging studies of the amygdala in depression. Semin. Clin.
Neuropsychiatry. 7, 234-242.

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

Wingenfeld, K., Kuehl, L.K., Dziobek, I., Roepke, S., Otte, C., Hinkelmann, K., 2016.
Effects of mineralocorticoid receptor blockade on empathy in patients with

major depressive disorder. Cogn. Affect. Behav. Neurosci. 16, 902-910.

World Health Organization, 1993. The ICD-10 classification of mental and behavioural

disorders: Diagnostic criteria for research. World Health Organization.

Xie, W., Li, H., Zou, Y., Sun, X., Shi, C., 2018. A suicidal mind tends to maintain less

negative information in visual working memory. Psychiatry Res. 262, 549-557.

Young, K.D., Misaki, M., Harmer, C.J., Victor, T., Zotev, V., Phillips, R., et al., 2017.
Real-time functional magnetic resonance imaging amygdala neurofeedback
changes positive information processing in major depressive disorder. Biol.
Psychiatry 82, 578-586.

Zhou, Z., Cao, S., Li, H., Li, Y., 2015. Treatment with escitalopram improves the
attentional bias toward negative facial expressions in patients with major
depressive disorders. J. Clin. Neurosci. 22, 1609-1613.

Zobel, 1., Werden, D., Linster, H., Dykierek, P., Drieling, T., Berger, M., et al., 2010.
Theory of mind deficits in chronically depressed patients. Depress. Anxiety 27,
821-828.

Zwanzger, P., Klahn, A.L., Arolt, V., Ruland, T., Zavorotnyy, M., Salzer, J., et al., 2016.
Impact of electroconvulsive therapy on magnetoencephalographic correlates
of dysfunctional emotional processing in major depression. Eur.

Neuropsychopharmacol. 26, 684-692.

30



31



1,563 records identified through database searching.

344 duplicates removed.

v

\ 4
1,219 records (titles and abstracts) screened for relevance.

835 irrelevant records excluded.

v

A\ 4
384 full-text articles scrutinised in detail for eligibility.

277 full-text articles excluded.

v

A 4
107 studies meet eligibility criteria, of which:

27 studies met criteria for investigating psychosocial functioning.
79 studies met criteria for investigating impact of treatment.
1 study met criteria for both psychosocial functioning and impact of treatment.

Fig. 1 Flowchart of article inclusion procedure during review of the literature. From 1,563
individual records initially identified through the literature search of the Medline, PsychINFO,
Embase and PubMed, Scopus and Google Scholar databases, 107 articles were included in the

final analysis.




Table 1

Studies Investigating the Effect of Selective Serotonin Re-uptake Inhibitors (SSRIs) on Social Cognitive Performance in Major Depressive
Disorder

Section 1.1 Fluoxetine

Author Method N [MA1SD; M:F] SC MDD Results
Stimulus  Criteria

Chen et al., Prospective n=17 [44.118.4; PFA DSM-1V MDD with increased activation of the anterior cingulate cortex while attending to affective faces

2007 longitudinal  5M:12F] demonstrated more rapid clinical improvement after 8 weeks of fluoxetine treatment (t15=4.63,
P<0.001).

Chen et al., Prospective n=38 [43.1+7.7; PFA DSM-IV MDD treated with fluoxetine demonstrated increased coupling between the amygdala and right

2008 longitudinal  14M:24F] frontal cortex, cingulate cortex, striatum and thalamus when processing sad faces at 8 weeks
compared to HC (F=26.89, P<0.001).

Fu etal., Prospective n=38 [43.0£7.8; PFA DSM-IV Baseline amplified activation of the left amygdala, ventral striatum and frontoparietal cortex in

2004 longitudinal  14M:24F] MDD compared to HC when viewing sad faces was attenuated following 8 weeks of fluoxetine
(t1s=4.75, P<0.001).

Fu etal., Prospective n=38 [43.0£7.8; PFA DSM-IV Impaired baseline happy face processing in MDD compared to HC (attenuated activity in limbic-
2007 longitudinal ~ 14M:24F] subcortical and extra-striate visual regions) improved significantly following 8 weeks of fluoxetine
(F1,36=7.0, P<0.02).

Wang etal., Prospective n=36[31.6x7.4; IAPS DSM-IV MDD treated with 8 weeks of fluoxetine did not improve accuracy at interpreting positively-

2012 longitudinal ~ 14M:22F] valenced pictures compared to HC. Treated MDD demonstrated attenuated activations of the
right insula and left anterior cingulate cortex toward positive stimuli (t=3.61 and t=3.04, P<0.005)
and right middle frontal gyrus toward negative stimuli (t=4.74, P<0.005).

Section 1.2 Citalopram

Author Method N [MA£SD; M:F] SC MDD Results

Stimulus  Criteria

Anderson et  Prospective n=26[31.6£10.8; PFA DSM-IV Single administration of IV citalopram in both recovered MDD and HC enhanced left anterior

al., 2011a longitudinal  4M:22F] cingulate activity to happy faces (2=3.88, P<0.05), right lateral orbitofrontal activity to sad faces
(Z=4.15, P<0.05) and reduced amygdala activity bilaterally to fearful faces (Z2=2.81, Z=2.77,
P<0.05).

Arnone etal., Prospective n=116 [33.9+9.6] PFA DSM-IV Citalopram treatment over 8 weeks normalised amygdala responses bilaterally to sad faces, but

2012 longitudinal not fearful faces, in rMDD patients compared to HC (Z,=3.59, P=0.003; Z,=3.03, P=0.02).

Bhagwagar DBRCT n=40 [37.31£3.7; PFA DSM-IV rMDD given citalopram infusion demonstrated improved accuracy of fear recognition relative to HC




et al., 2004 O0M:40F] (F1.18=5.5, P=0.03), but not for other expressions.
Shiroma et Prospective n=30 [65.3£7.0; FEEST OPCRIT  Facial affect recognition accuracy improved significantly from baseline in older age MDD treated
al., 2014 longitudinal ~ 30M:0F] with citalopram for 7 days (X?1=34.5, P<0.001).
Tranter et al., Prospective n=108[35.5+10.3; PFA MINI MDD treated with anti-depressant (citalopram or reboxetine) demonstrated significantly improved
2009 longitudinal  50M:58F] performance on recognition of happy (P<0.05), surprised (P<0.01) and disgusted faces (P<0.001).
Citalopram was superior to reboxetine at 2 weeks (F2,45=7.66, P=0.001), but equal at 6 weeks.
Section 1.3 Escitalopram
Author Method N [MA1SD; M:F] SC MDD Results
Stimulus  Criteria
Chen et al., Prospective  n=20 [45.7+8.0] IAPS DSM-1V MDD treated with 6 weeks of escitalopram therapy demonstrated no overall change in amygdala
2014 longitudinal activity to emotional stimuli.
Godlewska DBRCT n=59 [32.2+11.7; JACFEE DSM-IV MDD treated with 7 days of escitalopram demonstrated normalised amydgala activity in response
etal., 2012 23M:36F] to fearful faces compared to placebo-treated MDD (t10=2.73, P<0.009).
Jiang et al., Prospective n=21[29.5£8.0; UPD DSM-IV First-episode MDD treated with 2-3 months of escitalopram demonstrated changes to fMRI
2012 longitudinal  9M:12F] activation across multiple brain regions in response to both sad and happy facial stimuli (various
t-tests, P=0.000).
Rosenblau et Prospective n=241[44.7£11.7; IAPS DSM-IV MDD treated with 8 weeks of escitalopram therapy demonstrated significant improvement of
al., 2012 longitudinal  14M:10F] lowered amygdala (t22=2.55, Prpr=0.018) and prefrontal activation (various t-tests, P<0.05) for
negative versus neutral affective stimuli compared to HC.
Williams et OLRCT n=114 [32.4+12.4; UPD DSM-IV Following 8 weeks of anti-depressant therapy (escitalopram, sertraline or venlafaxine-XR), MDD
al., 2015 58M:56F] treatment responders demonstrated normalised amygdala responses to happy (P=0.031) and sad
(P=0.011) expressions.
Zhou et al., Prospective n=50 [44.5£15.5; CFAPS DSM-IV Pre-treatment bias towards negative faces in MDD compared to HC (F1=8.78, P=0.013)
2015 longitudinal  24M:26F] normalised following 8 weeks of escitalopram therapy (F1=1.35, P=0.30).
Section 1.4 Sertraline
Author Method N [MA£SD; M:F] SC MDD Results
Stimulus  Criteria
Sheline et Prospective n=22[40.1; PFA DSM-IV MDD treated with 8 weeks of sertraline demonstrated a normalised left (F1,10=5.74, P<0.05) and
al., 2001 longitudinal  10M:12F] right (F1,10=5.5, P<0.05) amygdala activation in response to affective faces compared to HC.
Victoretal.,  Prospective n=63[30.1+8.0; NSSFE DSM-IV MDD treated with 8 weeks of sertraline demonstrated reduced right amygdala responses to sad
2010 longitudinal  25M:38F] versus neutral faces compared to HC (t1s=2.21, P=0.02).
Victoretal.,  Prospective n=20 [30.815.4; NSSFE DSM-IV MDD treated with 8 weeks of sertraline performed no differently to HC on a backwards masking

task of facial affect recognition, although MDD following treatment did demonstrate decreased
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2013 longitudinal ~ 7M:13F] activity in the pregenual anterior cingulate cortex compared to HC (t15=3.98, P<0.001).
Williams et OLRCT n=114[32.4+12.4; UPD DSM-IV Following 8 weeks of anti-depressant therapy (escitalopram, sertraline or venlafaxine-XR), MDD
al., 2015 58M:56F] treatment responders demonstrated normalised amygdala responses to happy (P=0.031) and sad
(P=0.011) expressions.
Section 1.5 Paroxetine
Author Method N [MA1SD; M:F] SC MDD Results
Stimulus  Criteria
Ruhé et al., Prospective n=44 [43.548.0; PFA DSM-1V MDD who responded to reboxetine over a 12-week period demonstrated significantly lower
2012 longitudinal  28M:16F] amygdala (Z=3.24, P=0.001), right dorsolateral pre-frontal cortex (Z=3.53, P<0.001) and left
nucleus accumbens (Z2>3.28, P<0.002) activations compared to non-responders.
Ruhé et al., Prospective  n=20 [42.748.0; PFA DSM-IV  Symptom improvement in MDD treated with 12 weeks of reboxetine correlated with attenuation of
2014 longitudinal  12M:8F] left amygdala activation while attending to negative facial expressions (r=0.53, P=0.041).
Section 1.6 Non-specific SSRI
Author Method N [MA£SD; M:F] SC MDD Results
Stimulus  Criteria
Opmeer et Prospective n=81 [38.7+9.8; KDEF DSM-IV Baseline rostral anterior cingulate cortex activation to happy faces in MDD was predictive of clinical
al., 2016 longitudinal  32M:49F] response to SSRI therapy (t=4.46, P=0.026). Response to treatment led to a decrease in right
insula activation when processing happy faces (t=5.38, P<0.001).
Section 1.7 Augmented SSRI
Author Method N [MA£SD; M:F] SC MDD Results
Stimulus  Criteria
Rizvi et al., Prospective n=39 [37.7£10.9; IAPS DSM-IV MDD who did not respond to 6 weeks of combined fluoxetine/olanzapine therapy rated affective
2013 longitudinal  13M:26F] pictures as more aversive compared to responders. High baseline posterior cingulate cortex

activity to positive images (r=0.59, P=0.008) and high baseline premotor cortex activity to negative
images (r=0.66, P=0.002) predicted treatment response at 6 weeks.

Note. CFAPS = Chinese Facial Affective Picture System; DBRCT = Double Blinded Randomised Controlled Trial; DSM-IV = Diagnostic and Statistical
Manual of Mental Disorders, Fourth Edition; FEEST = Facial Expressions of Emotion: Stimuli and Tests; fMRI = Functional Magnetic Resonance
Imaging; = HC Healthy Controls; IAPS = International Affective Picture System; IV = Intravenous; JACFEE = Japanese and Caucasian Facial
Expressions of Emotion; KDEF = Karolinska Directed Emotional Faces; MA+SD = Participants’ Mean Age and Standard Deviation; MDD = Major
Depressive Disorder; M:F = Ratio of Male to Female Participants; MINI = Mini-International Neuropsychiatric Interview; N = Number of Participants;
NSSFE = NimStim Set of Facial Expressions; OLRCT = Open Label Randomised Controlled Trial; OPCRIT = Operational Criteria Diagnostic System;
PFA = Ekman and Friesen’s Pictures of Facial Affect; rMDD = Remitted Major Depressive Disorder; SC = Social Cognition; SSRI = Selective
Serotonin Re-uptake Inhibitor; UPD = University of Pennsylvania Standardised Expression Database.



Table 2

Studies Investigating the Effect of Serotonin and Noradrenaline Re-uptake Inhibitors (SNRIs) on Social Cognitive Performance in Major
Depressive Disorder

Section 2.1 Duloxetine

Author Method N [MA1SD; M:F] SC MDD Results
Stimulus  Criteria
Fu etal., Prospective n=57 [39.6+£10.7; PFA DSM-IV No differences in facial affect processing or associated fMRI activity were observed between
2015 longitudinal  31M:26F] MDD and HC at baseline or following 8 weeks of duloxetine therapy.
Section 2.2 Venlafaxine
Author Method N [MAxSD; M:F] SC MDD Results
Stimulus Criteria
Davidson et Prospective n=17 [35.1+9.6; IAPS DSM-IV MDD treated with 8 weeks of venlafaxine-IR demonstrated enhanced activation of left anterior
al., 2003 longitudinal  8M:9F] cingulate cortex to negative affective stimuli compared to HC (Z=4.08, P<0.001), while MDD with
greater left anterior cingulate activation at baseline demonstrated greater treatment response (r
not reported).
Kalin etal., Preliminary n=4[MAand M:F  IAPS DSM-IV MDD treated with 2 weeks of venlafaxine had normalised activation in the right secondary visual
1997 study not reported] cortex for positively-valenced stimuli from baseline compared to HC (X?,=18.25, P<0.0001).
Samson et Prospective n=33[39.5+10.4; UPD DSM-IV MDD responders to anti-depressant therapy (venlafaxine or mirtazapine) demonstrated improved
al., 2011 longitudinal  22M:11F] activation in the left superior parietal region when viewing sad faces after 4 weeks (t=3.88,
P:=0.032). Treatment response also predicted by baseline hyperactivation in right precentral
gyrus, left paracentral lobule, visual cortex, left middle temporal gyrus and right caudate nucleus.
Schaefer et Prospective n=23 [31.418.7; IAPS DSM-IV MDD demonstrated a distinctive neural hypo-activity pattern when responding to affective stimuli
al., 2006 longitudinal  7M:16F] compared to HC at baseline, which then normalised following venlafaxine therapy (various F-
tests, P<0.05).
Wiliams et OLRCT n=114[32.4+12.4; UPD DSM-IV Following 8 weeks of anti-depressant therapy (escitalopram, sertraline or venlafaxine-XR), MDD

al., 2015

58M:56F]

treatment responders demonstrated normalised amygdala responses to happy (P=0.031) and sad
(P=0.011) expressions.

Note. DSM-IV = Diagnostic and Statistical Manual of Mental Disorders, Fourth Edition; fMRI = Functional Magnetic Resonance Imaging; HC = Healthy
Controls; IAPS = International Affective Picture System; MA+SD = Participants’ Mean Age and Standard Deviation; MDD = Major Depressive
Disorder; M:F = Ratio of Male to Female Participants; N = Number of Participants; OLRCT = Open Label Randomised Controlled Trial; PFA = Ekman
Social Cognition; UPD = University of Pennsylvania Standardised Expression Database.

and Friesen’s Pictures of Facial Affect; SC



Table 3

Studies Investigating the Effect of Other Classes of Anti-Depressants on Social Cognitive Performance in Major Depressive Disorder

Section 3.1 Noradrenergic and Specific Serotonergic Anti-depressants (NaSSA)

Author Method N [MA1SD; M:F] SC MDD Results
Stimulus  Criteria
Domschke  Prospective n=50 [44.2+14.7; IAPS DSM-1V MDD treated with 4 weeks of mirtazapine therapy showed improvement of hypoactivation in the
etal, 2016 longitudinal 18M:32F] right parietal region (F1,26=5.8, P<0.05) compared to HC when viewing affective stimuli, as well
as increased activity in the dorsolateral prefrontal cortex bilaterally (F1,26=4.9, P<0.05).
Samson et Prospective n=33[39.5+10.4; UPD DSM-1V MDD responders to anti-depressant therapy (mirtazapine or venlafaxine) demonstrated
al., 2011 longitudinal  22M:11F] improved activation in the left superior parietal region when viewing sad faces after 4 weeks

(t=3.88, P.=0.032). Treatment response also predicted by baseline hyperactivation in right
precentral gyrus, left paracentral lobule, visual cortex, left middle temporal gyrus and right
caudate nucleus.

Section 3.2 Selective Noradrenergic Re-uptake Inhibitors (NRISs)

Author Method N [MA£SD; M:F] SC MDD Results
Stimulus  Criteria
Harmer et DBRCT n=64 [37+£12.3; PFA DSM-IV MDD administered a single dose of oral reboxetine demonstrated significantly improved
al., 2009 30M:34F] recognition of positive facial expressions compared to MDD given placebo (F13:=8.4, P=0.007),
but there was no improved recognition of other valences of emotion.
Tranter et Prospective n=108 [35.5£10.3; PFA MINI MDD treated with anti-depressant (reboxetine or citalopram) demonstrated significantly improved
al., 2009 longitudinal  50M:58F] performance on recognition of happy (P<0.05), surprised (P<0.01) and disgusted faces

(P<0.001). Citalopram was superior to reboxetine at 2 weeks (F2,45=7.66, P=0.001), but equal at 6
weeks.

Section 3.3 Noradrenaline and Dopamine Re-uptake Inhibitor (NDRI)

Results

Author Method N [MA£SD; M:F] SC MDD

Stimulus  Criteria
Robertson Prospective n=10 [41.4+7.0; IAPS DSM-IV
etal., 2007 longitudinal 3M:7F]

MDD treated with 8 weeks of buproprion-XL therapy demonstrated a strong correlation between
reduced HRSD scores and increased activation of middle frontal gyrus to affective stimuli (r=-
0.95, P<0.01), as well as correlations between reduced HRSD scores and decreased activations
of inferior frontal cortex (r=0.93), anterior cingulate gyrus (r=0.92) and amygdala (r=0.84) to sad
stimuli.

Note. DBRCT = Double Blinded Randomised Controlled Trial; DSM-IV = Diagnostic and Statistical Manual of Mental Disorders, Fourth Edition; HC =
Healthy Controls; HRSD = Hamilton Rating Scale for Depression; IAPS = International Affective Picture System; MA+SD = Participants’ Mean Age
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and Standard Deviation; MDD = Major Depressive Disorder; M:F = Ratio of Male to Female Participants; MINI = Mini-International Neuropsychiatric
Interview; N = Number of Participants; PFA = Ekman and Friesen’s Pictures of Facial Affect; SC = Social Cognition; UPD = University of Pennsylvania
Standardised Expression Database.



Table 4

Studies Investigating the Effect of Naturalistic Anti-Depressant use on Social Cognitive Performance in Major Depressive Disorder

Author Method N [MA1SD; M:F] SC MDD Results
Stimulus  Criteria
Anderson Cross- n=230 [33.1+10.5; PFA DSM-IV MDD and rMDD receiving anti-depressant therapy performed equally to HC on facial affect
et al, sectional 71M:159F] recognition, while unmedicated MDD tended to perform worse than HC.
2011b
Douglas et Prospective n=118[38.9+11.1; PFA DSM-IV MDD who responded to 6 weeks of general psychiatric treatment demonstrated improved
al, 2011 longitudinal  44M:74F] recognition of angry facial expressions compared with treatment non-responders (F2110=4.9,
P=0.009).
Fales etal, Prospective n=41[35.148.9; Affective  DSM-IV ~ MDD who underwent 8 weeks of mixed anti-depressant therapy demonstrated normalisation of
2009 longitudinal  19M:22F] faces dorsolateral prefrontal cortex activity to fearful faces compared to HC (F1,22=6.21, P<0.02).
NOS
Gaebel & Prospective n=59 [33.0; PFA RDC MDD who underwent 4 weeks of inpatient psychotropic management showed no significant
Wolwer, longitudinal  38M:21F] improvement on facial affect recognition compared to HC (P>0.1).
1992
Keedwell Prospective n=12 [49; 6M:6F] PFA ICD-10 For MDD treated with mixed anti-depressant therapy, reduced activity in the right subgenual
etal, 2009 longitudinal cingulate cortex in response to sad, but not happy, expressions at 12 weeks correlated with
response to treatment (r=0.863, P<0.001).
Keedwell Prospective n=12 [49; 6M:6F] PFA ICD-10 MDD response at 12 weeks of anti-depressant treatment was predicted by baseline
etal, 2010 longitudinal hyperactivation in right subgenual cingulate cortex to sad stimuli (r=0.827, P=0.001), while poorer
clinical response was predicted by hyperactivation of ventrolateral prefrontal cortex to both happy
and sad stimuli (r not reported).
Keeley et Prospective n=22 [46.318.6; PFA DSM-IV Negative interpretation of neutral facial expressions by treated MDD was significantly associated
al, 2007 longitudinal  8M:14F] with missed anti-depressant doses (r=-0.69, P=0.0004), while MDD who reported positive or
neutral interpretations were associated with improved adherence (t=3.7, P=0.002).
Naudin et Prospective n=63[33.7+11.1; FEEST DSM-IV MDE who responded to anti-depressant therapy showed normalised performance in facial affect
al, 2014 longitudinal  23M:40F] recognition compared to HC, particularly with happy faces (Q=30.82, P<0.001).
Redlich et  Prospective n=58 [47.0+9.2; PFA DSM-IV MDD treated with naturalistic pharmacotherapy demonstrated normalised amygdala activity
al., 2017 longitudinal  27M:31F] toward both sad (Z,=3.28, P=0.001; Z=3.06, P=0.001) and happy faces (Z=2.09, P=0.018).
Surguladze Cross- n=56 [44.91£11.6; FEEST DSM-IV Use of high-dose anti-depressant medication in MDD was associated with a response bias away
etal, 2004 sectional 24M:32F] from labelling sad expressions as sad (t26=2.2, P<0.01), but not for labelling happy expressions

as happy.




Wells etal, Cross- n=94 [33.8+11.0; IAPS DSM-IV MDD on anti-depressant therapy demonstrated greater attention to positive affective stimuli and
2014 sectional M:F not reported] reduced bias toward negative affective stimuli than unmedicated MDD, but performed similarly to
HC (Ps<0.05).

Note. DSM-1V = Diagnostic and Statistical Manual of Mental Disorders, Fourth Edition; FEEST = Facial Expressions of Emotion: Stimuli and Tests; HC
= Healthy Controls; IAPS = International Affective Picture System; ICD-10 = International Statistical Classification of Diseases and Related Health
Problems, Tenth Revision; MA£SD = Participants’ Mean Age and Standard Deviation; MDE = Major Depressive Episode; MDD = Major Depressive
Disorder; M:F = Ratio of Male to Female Participants; N = Number of Participants; NOS = Not Otherwise Specified; PFA = Ekman and Friesen’s
Pictures of Facial Affect; RDC = Research Diagnostic Criteria; rMDD = Remitted Major Depressive Disorder; SC = Social Cognition.



Table 5

Studies Investigating the Effect of Non-Conventional Pharmacotherapeutic Approaches on Social Cognitive Performance in Major Depressive
Disorder

Section 5.1 Intravenous Ketamine

Author Method N [MA1SD; M:F] SC MDD Results

Stimulus  Criteria
Murrough et Prospective n=38[36.5£11.5; PFA DSM-IV Treatment-resistant MDD given a single dose of IV ketamine demonstrated normalisation of
al., 2015 longitudinal  21M:17F] neural activity in the right caudate when viewing positive facial affect (k>574, Prwe<0.05).
Salvadore Prospective n=22[39.9+14.6; NSSFE DSM-IV Increased anterior cingulate cortex activity to fearful faces at baseline was correlated with anti-
etal., 2009 longitudinal 14M:8F] depressant response to IV ketamine in MDD (ro=0.68, P<0.05).
Shiromaet Prospective n=15[52; 15M:0F] FEEST DSM-1V No effect on facial affect recognition performance in treatment-resistant MDD following 6
al., 2015 longitudinal infusions of IV ketamine over a 12-day period.
Section 5.2 Intranasal Oxytonin
Author Method N [MA£SD; M:F] SC MDD Results

Stimulus  Criteria
Domes et DBRCT n=43 [46.9+£10.1; KDEF ICD-10 Single dose of intra-nasal oxytocin in MDD reduced attention toward angry facial expressions
al., 2016a 18M:25F] (F2,82=3.20, P<0.05) and increased attention to happy faces with prolonged exposure (F2,82=3.21,

P<0.05).

MacDonald DBRCT n=18 [43.7£12.2; RMET MINI Intra-nasal oxytocin improved facial affect recognition performance in male MDD compared to
etal., 2013 18M:0F] placebo (F1,16=4.67, P<0.05).
Section 5.3 Intravenous Erythropoietin
Author Method N [MA£SD; M:F] SC MDD Results

Stimulus  Criteria
Miskowiak DBRCT n=17 [34.5£10.4; IAPS DSM-IV MDD administered IV erythropoietin had significantly reduced false recollections of affective
et al., 2009 11M:6F] images compared to placebo group (t=-3.29, P=0.005).
Miskowiak DBRCT n=19 [34.3110.4; IAPS DSM-IV Single 1V erythropoietin dose to MDD was associated with reduction in fear recognition
etal., 2010 12M:7F] compared to placebo, particularly at higher intensities of emotion (F1,17=5.56, P<0.05).
Section 5.4 Intranasal Insulin
Author Method N [MA£SD; M:F] SC MDD Results

Stimulus  Criteria




Chaetal., DBRCT n=35 [47.149.9; ERT DSM-1V MDD treated with 4 weeks of QID intranasal insulin did not demonstrate any difference in emotion
2017 13M:22F] (CANTA recognition performance compared to placebo.
B)
Section 5.5 Mineralocorticoid Receptor Blockade
Author Method N [MA1SD; M:F] SC MDD Results
Stimulus Criteria
Wingenfeld DBRCT n=35 [47.1+9.9; MET, DSM-1V Spironolactone use in MDD had no effect of emotional empathy compared to HC, but its use
etal., 2016 13M:22F] MASC decreased cognitive empathy scores in MDD compared to HC (F1,67=7.60, P=0.008).
Section 5.6 Muscarinic Antagonist
Author Method N [MA+SD; M:F] SC MDD Results
Stimulus  Criteria
Furey etal., DBRCT n=36 [31.5+8.2; KDEF DSM-IV  The magnitude of treatment response for MDD treated with scopolamine correlated with
2013 23M:13F] increased activity in right and left middle occipital cortices during emotional face encoding (rr=-
0.77, r.=-0.85, P<0.005) and testing (rr=-0.81, r.=-0.87, P<0.005).
Furey etal., DBRCT n=31 [32.448.0; FEEST, DSM-IV MDD with greater baseline subgenual anterior cingulate cortex activity to happy faces correlated
2015 9M:22F] KDEF, with improved response to scopolamine (P<0.025), while greater baseline middle occipital cortex
NSSFE activity to sad faces correlated with improved response (P<0.025).
Szczepanik DBRCT n=29 [31.848.5; FEEST, DSM-IV MDD did not demonstrate increased accuracy on facial affect recognition following scopolamine
etal., 2016 9M:20F] KDEF, use, but left amygdala response to sad faces normalised in treatment responders (r=-0.72,
NSSFE P=0.004).
Section 5.7 Omega-3 Fatty Acid Supplementation
Author Method N [MA£SD; M:F] SC MDD Results
Stimulus  Criteria
Antypa et DBRCT n=71[24.7+9.4; PFA MINI Omega-3 supplementation in rMDD provided no benefit compared to placebo for facial affect

al., 2012

13M:58F]

recognition performance.

Note. DBRCT = Double Blinded Randomised Controlled Trial; DSM-IV = Diagnostic and Statistical Manual of Mental Disorders, Fourth Edition; ERT =
(CANTAB) Emotion Recognition Task from Cambridge Neuropsychological Test Automated Battery; FEEST = Facial Expressions of Emotion: Stimuli
and Tests; HC = Healthy Controls; IAPS = International Affective Picture System; ICD-10 = International Statistical Classification of Diseases and
Related Health Problems, Tenth Revision; IV = Intravenous; KDEF = Karolinska Directed Emotional Faces; MA+SD = Participants’ Mean Age and
Standard Deviation; MASC = Movie for the Assessment of Social Cognition; MET = Multifaceted Empathy Test; MDD = Major Depressive Disorder;
M:F = Ratio of Male to Female Participants; MINI = Mini-International Neuropsychiatric Interview; N = Number of Participants; NSSFE = NimStim Set
of Facial Expressions; PFA = Ekman and Friesen’s Pictures of Facial Affect; QID = Quater In Die (Four Times Per Day); RMET = Reading the Mind in
the Eyes Task; rMDD = Remitted Major Depressive Disorder; SC = Social Cognition.
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Table 6

Studies Investigating the Effect of Procedural Therapies on Social Cognitive Performance in Major Depressive Disorder

Section 6.1 Electro-Convulsive Therapy (ECT)

Author Method N [MA1SD; M:F] SC MDD Results

Stimulus Criteria
Christ etal., Prospective n=20[53.1+10.8; Sine DSM-1V MDD treated with course of ECT demonstrated partial improvement of fMRI activation patterns
2008 longitudinal ~ 10M:10F] tones, during processing of auditory stimuli (Ps<0.05).

syllables
Redlich et Prospective n=58 [47.0£9.2; PFA DSM-IV MDD treated with course of ECT demonstrated decreased amygdala activity toward sad faces
al., 2017 longitudinal  27M:31F] (z=2.26, P=0.012), which also correlated with symptomatic improvement (r=-0.48, P<0.05).
Miskowiak  Prospective n=27 [39.3; ETB Unclear Single session of ECT in MDD had no effect on facial affect recognition or to amygdala
etal., 2017 longitudinal 17M:10F] responses while processing faces.
Zwanzger Prospective n=40 [52.1+£11.7; IAPS DSM-IV A 4-week course of ECT led to normalisation of bilateral parietal hypoactivation on MEG for
etal., 2016 longitudinal 22M:18F] MDD compared to HC during processing of affective stimuli (F13s=14.34, P=0.001).

Section 6.2 Repetitive Transcranial Magnetic Stimulation (rTMS)

Author Method N [MA£SD; M:F] SC MDD Results

Stimulus  Criteria
Berlim et Prospective n=14 [47.618.4; RMET HRSD MDD demonstrated a significant interaction between improved facial affect recognition and
al., 2012 longitudinal  6M:8F] symptomatic improvement following a 4-week course of daily rTMS (F1,10=7.26, P=0.019).
Boggio et DBRCT n=26 [48.7+7.9; Affective  DSM-IV A single session of rTMS led to improved performance for MDD on an affective go-no-go task
al., 2007 8M:18F] pictures compared to sham therapy (F=5.67, P=0.01).

NOS
Leymanet  Prospective n=14[44.317.6; KDEF DSM-IV MDD responders to 10 days of rTMS demonstrated significant improvements in the inhibitory
al., 2011 longitudinal  4M:10F] processing of negatively valenced information (Z=1.60, P=0.05).
Schutter et  Prospective  n=28 [45+12.5; MERT DSM-IV MDD treated with 10 sessions of rTMS demonstrated significantly improved recognition of angry
al., 2010 longitudinal  12M:16F] facial expressions compared to sham therapy (F1,27=5.76, P=0.02), but not with happy faces.
Section 6.3 Transcranial Direct Current Stimulation (tDCS)
Author Method N [MA£SD; M:F] SC MDD Results

Stimulus  Criteria
Brennanet SBRCT n=37 [33.148.2; MERT ICD-10 tDCS treatment was associated with significantly improved facial affect recognition compared to
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al., 2017 71M:159F] sham treatment for both MDD and HC (F1,35=5.70, P=0.02).

Section 6.4 Deep Brain Stimulation (DBS)

Author Method N [MA1SD; M:F] SC MDD Results
Stimulus Criteria
Merkl et al., Prospective n=27 [48.3£20.4; MET DSM-IV Treatment-resistant MDD receiving 6 months of DBS to the subgenual anterior cingulate cortex
2016 longitudinal  14M:13F] experienced a significant reduction of negative bias in their empathic responses (U=8.50,
P=0.043).

Section 6.5 Psychosurgery

Author Method N [MA1SD; M:F] SC MDD Results
Stimulus Criteria
Ridout et Cross- n=48 [41.9+7.3,; TASIT ICD-10 Treatment-resistant MDD who had received anterior cingulotomy and anterior capsulotomy had
al., 2007 sectional 11M:37F] reduced accuracy of emotion recognition compared to MDD controls and HC (F244=3.4,
P<0.05).

Note. DBRCT = Double Blinded Randomised Controlled Trial; DBS = Deep Brain Stimulation; DSM-IV = Diagnostic and Statistical Manual of Mental
Disorders, Fourth Edition; ECT = Electro-Convulsive Therapy; ETB = Emotional Test Battery; fMRI = Functional Magnetic Resonance Imaging; HC =
Healthy Controls; HRSD = Hamilton Rating Scale for Depression; IAPS = International Affective Picture System; ICD-10 = International Statistical
Classification of Diseases and Related Health Problems, Tenth Revision; KDEF = Karolinska Directed Emotional Faces; MA = SD = Participants’
Mean Age and Standard Deviation; MDD = Major Depressive Disorder; MEG = Magnetoencephalography; MERT = Montagne Emotion Recognition
Task; MET = Multifacted Empathy Test; M:F = Ratio of Male to Female Participants; N = Number of Participants; NOS = Not Otherwise Specified;
PFA = Ekman and Friesen’s Pictures of Facial Affect; RMET = Reading the Mind in the Eyes Task; rTMS = Repetitive Transcranial Magnetic
Stimulation; SBRCT = Single Blinded Randomised Controlled Trial; SC = Social Cognition; TASIT = The Awareness of Social Inference Test; tDCS =
Transcranial Direct Current Stimulation.
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Table 7

Studies Investigating the Effect of Psychotherapeutic Approaches on Social Cognitive Performance in Major Depressive Disorder

Section 7.1 Cognitive-Behavioural Therapy (CBT)

Author Method N [MA1SD; M:F] SC MDD Results
Stimulus  Criteria
Costafreda  Prospective n=16 [40.0+9.4; PFA DSM-IV The fMRI activation response in MDD toward sad faces at baseline could be a predictor of
etal., 2009 longitudinal 3M:13F] treatment response to CBT (P=0.029).
Fuetal., Prospective n=32[39.6+9.4; PFA DSM-1V MDD who underwent 16 sessions of CBT experienced a normalisation of amygdala-
2008 longitudinal  6M:26F] hippocampal activity compared to HC (F1,15=7.04, P<0.02).
Porter et Prospective n=127 [38.9+12.3; PFA DSM-1V Emotional processing performance in MDD did not change following 16 weeks of CBT or
al., 2016 longitudinal ~ 42M:85F] schema therapy.
Ritchey et Prospective  n=36 [35.5+9.0; IAPS DSM-IV  There was no improvement in SC performance following CBT, although MDD compared to HC
al., 2011 longitudinal  14M:22F] demonstrated increased prefrontal cortex activation and increased arousal of the amydgala,
caudate and hippocampus (P<0.005).
Section 7.2 Mindfulness-based Cognitive Therapy (mbCT)
Author Method N [MA£SD; M:F] SC MDD Results
Stimulus  Criteria
de Raedtet Prospective n=71 [45.1+9.4; KDEF DSM-IV MDD receiving 8 weeks of mbCT demonstrated significantly reduced attentional bias towards
al., 2012 longitudinal ~ 19M:52F] negative faces (t=1.64, P=0.05) and a trend towards reduced attentional bias away from positive

faces compared to HC (t=1.35, P=0.09).

Section 7.3 Cognitive Behavioural Analysis System of Psychotherapy (CBASP)

Author Method N [MA£SD; M:F] SC MDD Results
Stimulus  Criteria
Klein etal., Prospective n=20[38.7£13.9; Novel DSM-IV MDD following a course of CBASP demonstrated no improvement at identifying the level of
2014 longitudinal  8M:12F] dynamic emotional intensity in facial affect, although there was evidence of improved left amygdala
faces reactivity on fMRI (F1,18=25.32, P<0.05).
Section 7.4 Schema Therapy
Author Method N [MA£SD; M:F] SC MDD Results
Stimulus  Criteria
Porter et Prospective n=127 [38.9+12.3; PFA DSM-IV Emotional processing performance in MDD did not change following 16 weeks of schema therapy
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al., 2016 longitudinal  42M:85F] or CBT.
Section 7.5 Behavioural Activation (BA)
Author Method N [MA1SD; M:F] SC MDD Results
Stimulus Criteria
Shiota et Prospective n=59 [18.2+0.4; Novel CIDI MDD following BA treatment demonstrated improved dorsomedial prefrontal cortex activity
al., 2017 longitudinal  40M:19F] ToM task during a ToM task (t=3.24, P=0.016).

Section 7.6 Inpatient Psychoanalytic-Interactional Group Therapy

Author Method N [MA1SD; M:F] SC MDD Results
Stimulus  Criteria
Dannlowski  Prospective n=41 [32.318.9; UPD DSM-IV MDD following inpatient therapy demonstrated a reduction in negative interpretive bias when
etal., 2006 longitudinal 14M:27F] interpreting sad facial affect (Z=-3.04, P=0.002).
Donges et Prospective n=44 [32.1+8.6; LEAS DSM-1V MDD following inpatient therapy demonstrated a significant increase in ToM performance
al., 2005 longitudinal  14M:30F] (F1,42=5.6, P<0.05), although this did not reach the performance level of HC.
Karparova Prospective n=30 [36.6£10.2; Novel DSM-IV There was no significant change in facial affect processing in MDD following inpatient therapy,
etal., 2005 longitudinal 8M:22F] schematic despite improvement in depressive symptom severity.
faces
Suslow et Prospective n=44[32.1+8.7; Novel DSM-IV There were no significant improvements in facial affect processing performance for MDD
al., 2004 longitudinal ~ 14M:30F] schematic following inpatient therapy.
faces
Section 7.7 Intensive Short-Term Dynamic Psychotherapy
Author Method N [MA£SD; M:F] SC MDD Results
Stimulus  Criteria
Ajilchietal., OLRCT n=32[22; 9M:23F] RMET DSM-IV, MDD receiving intensive short-term dynamic therapy demonstrated significant improvement in
2018 (pilot study) BDI-II total social cognition score compared to wait-list controls (F1,26=48.31, P<0.01).
Section 7.8 Emotion Perception Training
Author Method N [MA£SD; M:F] SC MDD Results
Stimulus  Criteria
Penton- DBRCT n=80 [21 KDEF BDI-II Depressed students receiving emotion perception training to perceive happiness over sadness in
Voak et al., (median); ambiguous facial expressions led to mood improvements (P=0.032).
2012 25M:55F]
Smithetal., OLRCT n=44[19.3+£2.1,; WSAP-H; MINI MDD receiving interpretation bias modification demonstrated fewer hostile interpretations of
2018 11M:33F] IBQ ambiguous social situations (W1,40=1.16, P=0.026) and more benign ratings (W1,40=39.54,
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P<0.001).

Section 7.9 Real-Time Functional Magnetic Resonance Imaging Neurofeedback Training (rtfMRInf)

Author Method N [MA1SD; M:F] SC MDD Results

Stimulus Criteria
Young et DBRCT n=34 [31.5+10.7; PFA DSM-IV MDD receiving rtfMRInf training showed decreased amygdala responses to sad faces and
al., 2017 10M:24F] increased responses to happy faces following treatment (t33=4.01, P<0.001).

Note. BA = Behavioural Activation; BDI-Il = Beck Depression Inventory-Il; CBASP = Cognitive Behavioural Analysis System of Psychotherapy; CBT =
Cognitive-Behavioural Therapy; CIDI = World Health Organization World Mental Health Composite International Diagnostic Interview; DBRCT =
Double Blinded Randomised Controlled Trial; DSM-IV = Diagnostic and Statistical Manual of Mental Disorders, Fourth Edition; fMRI = Functional
Magnetic Resonance Imaging; HC = Healthy Controls; IAPS = International Affective Picture System; IBQ = Interpretation Bias Questionnaire; KDEF
= Karolinska Directed Emotional Faces; LEAS = Levels of Emotional Awareness Scale; MA = SD = Participants’ Mean Age and Standard Deviation;
mbCT = Mindfulness-based Cognitive Therapy; MINI = Mini-International Neuropsychiatric Interview; MDD = Major Depressive Disorder; M:F = Ratio
of Male to Female Participants; N = Number of Participants; OLRCT = Open Label Randomised Controlled Trial; PFA = Ekman and Friesen’s Pictures
of Facial Affect; RMET = Reading the Mind in the Eyes Task; rtfMRInf = Real-Time Functional Magnetic Resonance Imaging Neurofeedback; SC =
Social Cognition; ToM = Theory of Mind; UPD = University of Pennsylvania Standardised Expression Database; WSAP-H = Word Sentence
Association Paradigm — Hostility.

15



