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a  b  s  t  r  a  c  t

Epidemiological  studies  have  revealed  that mental  disorders  are  highly  comorbid;  almost  half  of  the
people  with  a mental  disorder  also  meet  the criteria  of  another  disorder.  The  explanation  of  this  high
comorbidity  has remained  a  scientific  puzzle.  We  propose  ‘disrupted  emotion  processing’  as a liability
spectrum  that underlies  many  different  mental  disorders.  Emotion  processing  deficits  have  been  reported
in  different  disorders  and  result  in  difficulties  in  regulating  emotions  and  at  the  perceptual  level  in atten-
tional  biases  and  impaired  recognition  of emotional  expressions.  This  article  provides  a  detailed  overview
of  the  literature  on  disrupted  emotion  processing  in clinical  groups  on  the behavioral  and  neurological
motion perception
motion recognition
ental disorders

MRI

level.  In  the  discussion,  the  similarities  and  differences  between  these  disorders  are  discussed  in  the  con-
text of  common  neuro-endocrine,  genetic  and  environmental  factors  and  ideas  are  put  forward  on  how
future research  may  advance.  Most  importantly,  more  interdisciplinary  research  is  needed  in which  dif-
ferent  techniques,  tasks  and  clinical  populations  are  combined  to get  a better  understanding  of  disrupted
emotion  processing  as  a liability  spectrum  underlying  various  different  mental  disorders.
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. Introduction

Epidemiological studies have revealed that up to 30% of the adult
opulation in the United States has a mental disorder (e.g., Kessler
t al., 1994). Interestingly, many people meet the criteria of more
han a single mental disorder. In a large survey, it was  found that
5% of the clinical population has a single disorder; 22% has two,
nd 23% has three or more disorders (Kessler et al., 2005). The
ause of this high prevalence of comorbidity remains a scientific
uzzle. Several explanations have been given. For example, comor-
idity may  represent different manifestations or two  stages of the
ame underlying condition; there may  be the same or correlated
isk factors; or one condition predisposes to another disorder (for

 review, see Rutter, 1997). It is also possible that it is an artifact of
he diagnostic systems that are widely used, such as the Diagnos-
ic and Statistical Manual of Mental Disorders-5 (DSM-5, American
sychiatric Association, 2013). The DSM is constructed in such a
ay that symptoms cannot appear in the diagnostic criteria of more

han one disorder. Moreover, it is possible that the divisions made
n the DSM do not exist in nature and that the complexity and het-
rogeneity of mental disorders cannot be covered in a fixed, rigid
iagnostic system (Maj, 2005; Panksepp, 2004a).

Recently, a network approach to psychopathology has been
roposed (Borsboom et al., 2011; Borsboom and Cramer, 2013;
ringmann et al., 2013), where it is argued that symptoms of a dis-
rder can be the direct cause of the arising of other symptoms. For
xample, symptoms of a major depressive episode, such as sleep
eprivation, may  easily cause symptoms of generalized anxiety dis-
rder, such as irritability and fatigue (Borsboom et al., 2011). In
ddition, several other approaches are possible, such as a range of
ifferent bivariate and multivariate comorbidity models (Krueger
nd Markon, 2006). Based on their meta-analysis, Krueger and
arkon concluded that most evidence points into the direction of

 liability-spectrum model of comorbidity. The assumption of this
odel is that comorbidity reflects the existence of a smaller number

f liability constructs that underlie multiple disorders. Krueger and
arkon propose a broad internalizing liability and a broad exter-

alizing liability. The internalizing liability underlies disorders such
s major depression, generalized anxiety disorder and specific pho-
ias, whereas the externalizing liability underlies disorders such as
ddictions and antisocial behavior.

In the present article, while fully acknowledging the complex-
ty of comorbidity, we follow the liability-spectrum model, but we
ropose a broader liability spectrum. We  argue that a broader lia-

ility spectrum is necessary in order to explain the comorbidity of

nternalizing and externalizing disorders. The liability spectrum we
ropose is disrupted emotion processing, which underlies a wide
ange of mental disorders, including anxiety and mood disorders,
 . . . . .  . . .  . .  . . .  . .  . . .  . . . . .  . .  . . . . . . .  .  . . . . . . .  . . . . . .  .  . . . .  . . . . .  .  . . .  .  .  .  . . . . . . . . . .  166

but also schizophrenia, autism spectrum disorders, borderline per-
sonality disorder and eating disorders. In this article we review the
evidence for this proposal, and in addition, we  review the evidence
for neural correlates underlying disrupted emotion processing in
different mental disorders.

We  start this article by defining what emotion processing is
and by addressing different theories that attempt to explain the
nature of emotions. Then we  briefly introduce the main neural cor-
relates of emotion processing in healthy individuals. The main body
of this article is a review of studies on emotion processing in sev-
eral mental disorders, including anxiety disorders, mood disorders,
schizophrenia, autism, borderline personality disorders, and eating
disorders. We  finish the article with a discussion about the impli-
cations of this literature review for the proposal that disrupted
emotion processing is a plausible liability spectrum to explain the
comorbidity of mental disorders.

1.1. What is emotion processing?

Emotion processing is a broad term that refers to a complex of
affective, behavioral and cognitive mechanisms that underlie our
emotions. Given the impact of our emotions on a wide range of
mental processes (e.g., memory, decision making) and manifest
behaviors (e.g., helping behavior, drug use), being able to recognize
and regulate our emotions is of crucial importance and an essen-
tial feature of mental health. It is notable that different emotion
regulation strategies have been shown to impact the subjective,
physiological, and behavioral components of negative emotion in
distinct ways. For example, cognitive reappraisal and suppres-
sion have been shown to decrease the behavioral expression of
negative emotion, but only reappraisal decreases subjective dis-
tress (Gross, 1998). Moreover, emotion regulation strategies have
varying effects on the temporal course of emotions. Rumination
has been shown to prolong episodes of sadness, whereas dis-
traction appears to shorten them (Nolen-Hoeksema and Morrow,
1993). Finally, habitual use of certain emotion regulation strate-
gies is meaningfully associated with interpersonal functioning and
well-being (Gross and John, 2003), suggesting that some emotion
regulation strategies may be “healthier” than others (John and
Gross, 2004). What emotions are and how they arise has been a
matter of ongoing debate (e.g., Ekman and Cordaro, 2011; Panksepp
and Watt, 2011).

Theories on emotions can be roughly categorized into two
main approaches. The discrete emotion approach posits that there

are empirically distinguishable basic emotions, such as happiness,
sadness, fear, anger, disgust, and surprise. These emotions are
biologically inherited and cannot be broken down in smaller com-
ponents (e.g., Ekman, 1992). The dimensional approach proposes
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hat emotions can be defined according to one or more dimensions,
uch as valence (pleasantness) and arousal (strength) (e.g., Barrett,
998).

In addition, the brain basis of emotions has been widely disputed
e.g., Hamann, 2012; Lindquist et al., 2012). Models following a loca-
ionist approach to emotion hypothesize that all emotions can be
pecifically localized to either a distinct brain region or a defined
etwork of brain regions (Ekman and Cordaro, 2011; Izard, 2011;
anksepp and Watt, 2011). In contrast, the psychological construc-
ionist approach to emotion hypothesizes that distinct emotions
re constructed mental states that occur when many different sys-
ems in the brain act together (Barrett and Wager, 2006).

Another debate concerns the question how many ‘roads’ or
athways the brain uses to process emotions (Pessoa and Adolphs,
010). In his famous two route model of emotion processing,
eDoux (1996) theorized that evolution has equipped the brain
ith a shortcut to rapidly analyze potentially threatening elements

n a visual scene (the ‘low road’). This subcortical pathway involves
he superior culliculi, the pulvinar, and the amygdala, and can
etect stimuli that potentially require a fight or flight response,
uch as snakes, spiders, and fearful faces (see also Panksepp, 2004b).
ext to the low road, there is a ‘high road’, involving several cor-

ical areas and the amygdala, for the more deliberate processing
f emotions, such as the recognition of emotional expressions and
he differentiation between several emotions. The current debate is
bout the number of pathways that the brain uses to process emo-
ion. Recently, Pessoa and Adolphs (2010, 2011) proposed a model
ith multiple pathways, rather than a dichotomy between a ‘low

oad’ and a ‘high road’. They argued that the primary function of the
mygdala is to coordinate the activity of multiple cortical networks
uring emotion processing.

In sum, the exact nature of emotions and the underlying brain
echanisms are currently unknown. It is beyond the scope of the

resent article to resolve any of these debates. However, what
s well-known is that emotions play a major role in mental dis-
rders. Problems with emotions in mental disorders may  relate
o emotional intensity, emotional duration, emotion frequency,
motion type, emotional awareness, emotion-regulation goals, and
motion-regulation strategies (Gross and Jazaieri, 2014). We  refer
o these problems with the term disrupted emotion processing. In
his review, our emphasis will be on two main parts of disrupted
motion processing. First, it includes ‘emotion perception’, which is
he attention toward emotional cues in the environment, the accu-
ate recognition of the emotion, and the adequate response toward
t. Second, it includes ‘emotion regulation’, which is the manage-

ent and control of one’s own emotions. We  review evidence of
tudies on both emotion perception and emotion regulation deficits
n a broad range of mental disorders, and the underlying neural
orrelates.

.2. Neural correlates of emotion processing in healthy
ndividuals

When observing another person who experiences an emotion,
umans pay attention to the facial expression and to the body pos-
ure (Ekman and Cordaro, 2011; De Gelder et al., 2010). The neural
etwork underlying face perception is well known and includes
he occipital face area (Gauthier et al., 2000; Puce et al., 1996), the
usiform face area (Kanwisher et al., 1997), the superior temporal
ulcus and the amygdala (Haxby et al., 2000). Most of these areas
re also involved in processing emotional faces. The human amyg-
ala plays a key role in attending to and recognizing emotional

xpressions and interacts with higher order brain areas involved
n inhibition and social decision making (Adolphs, 2010). Activ-
ty in the fusiform face area increases when faces turn emotional,
nd this increased activity also correlates with increased amygdala
ehavioral Reviews 52 (2015) 153–171 155

activity (Vuilleumier and Pourtois, 2007). The anterior cingulate
cortex is a region within the medial prefrontal cortex that coor-
dinates synchronized, multisystem emotional responses to salient
environmental stimuli including emotional expressions of others
(Patterson et al., 2002). Perceiving emotional expressions can be
rewarding, especially when they express a positive emotion and
computing the salience value of social stimuli rests on strong inter-
actions with the ventral striatum and orbitofrontal cortex with
which the amygdala also shares dense connections and which both
respond to socially reinforcing stimuli (Ghashghaei et al., 2007).

Considering emotion regulation in healthy individuals, Frank
et al. (2014) conducted a meta-analysis on emotion regulation
fMRI studies and revealed signal change in bilateral amyg-
dala/parahippocampal gyrus that decreased in down-regulated
states and increased in up-regulated states, while regions includ-
ing superior frontal gyrus, cingulate, and premotor areas exhibited
enhanced activity across all regulation conditions. These results
provide consistent evidence for the role of the amygdala in
experienced emotional intensity, where intentional dampening
and exaggeration are clearly expressed. However, as Frank et al.
(2014) conclude, the execution of emotional up-regulation and
down-regulation may  involve distinct subsets of fronto-cortical
structures. Kohn et al. (2014) developed a model for the core brain
network involved in emotion regulation of emotional reactivity.
According to this model, the superior temporal gyrus, angular gyrus
and (pre) supplementary motor area should be involved in the
execution of regulation initiated by frontal areas. The dorsolateral
prefrontal cortex may  be related to the regulation of cognitive pro-
cesses such as attention, while the ventro-lateral prefrontal cortex
may  not necessarily reflect the regulatory process per se, but sig-
nals salience and therefore the need to regulate. The authors also
identified a cluster in the anterior middle cingulate cortex as a
region, which is anatomically and functionally in an ideal position
to influence behavior and subcortical structures related to affect
generation. Hence, this area may  play a central, integrative role
in emotion regulation. The authors argue that focusing on regions
commonly active across multiple studies, their model may  provide
important à priori information for the assessment of dysregulated
emotion regulation in psychiatric disorders.

1.3. Comorbidity, emotion processing and the brain

In this article, we  review the evidence for emotion processing
deficits and their neural correlates in a broad range of mental dis-
orders, with the aim to provide evidence for the hypothesis that
disrupted emotion processing is a plausible liability spectrum to
help explain comorbidity in mental disorders. The role of emotions
and their brain basis in different disorders has been noticed before
(e.g., Davidson, 1998; Davidson et al., 1999; Nesse and Ellsworth,
2009; Panksepp, 2006). Many psychiatric patients have difficulties
in identifying and describing one’s own and other people’s emo-
tions. This is a typical characteristic of ‘alexithymia’ (Sifneos, 1973).
This personality construct is marked by dysfunction in emotional
awareness, social attachment, empathy and interpersonal relat-
ing (Feldmanhall et al., 2013; Bird and Viding, 2014), linked with
differences in anterior cingulate and mediofrontal activity during
emotional stimuli processing (Berthoz et al., 2014; Van der Velde
et al., 2013) and creates interpersonal problems due to the avoid-
ance of emotionally close relationships (Vanheule et al., 2007).
Alexithymia can be seen as a “dimensional trait” and is prevalent in
approximately 10% of the general population. However, prevalence
rates are much higher in psychiatric disorders including eating dis-

orders, autism, depression and anxiety disorders (Shipko et al.,
1983; Taylor et al., 1999; Hill et al., 2004; Frith, 2004; Leweke
et al., 2012). Alexithymia is a fundamental construct in the emo-
tion regulation field and will therefore be discussed in more detail
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ithin the individual sections for the different disorders and in the
iscussion.

Also Panksepp (2006) noted similarities in emotion processing
cross different disorders and defined different types of emo-
ional systems (e.g., lust, care, panic, play, fear, rage, seeking) that
an be related to different brain areas and neuromodulators, and
o different mental disorders. He proposed the term ‘emotional
ndophenotype’ for the neuroanatomical, neurophysiological, neu-
ochemical, emotional, motivational, cognitive or simple response
endencies (which have also been called ‘biomarkers’ or ‘vulnera-
ility traits’). Nesse and Ellsworth (2009) argued that emotions are
he result of appraisals of the situation. For example, when seeing

 dog, a person with positive experiences with dogs will show dif-
erent emotions from someone with negative experiences, because
f different situational appraisals. For someone who likes dogs, the
og provides pleasant feelings, including predictability and control
f the situation. For someone who dislikes dogs, the opposite pat-
ern will emerge. This approach can explain the experience of both
ositive and negative emotions, and individual differences in emo-
ions. Mental disorders emerge through exaggerated experiences of
motions due to aberrant or maladjusted appraisals of situations.
e call this disrupted emotion regulation.
In the present article we build upon these approaches to explain

he comorbidity of mental disorders. In the present article, we
rgue that people with mental disorders share their disrupted emo-
ion processing, including both emotion regulation and emotion
erception. We review empirical evidence reported in studies on
ifferences between people diagnosed with mental disorders and
ealthy controls on emotion processing, in particular emotion per-
eption, emotion regulation and the underlying neural correlates.
ecause this would imply a tremendous number of studies, we
hose to emphasize studies reporting meta-analyses on fMRI stud-
es in clinical and control groups. We  start with addressing anxiety
isorders.

.4. Anxiety disorders

In the USA, the lifetime prevalence of an anxiety disorder in
dults is 33.7%. Anxiety disorders are characterized by feelings of
nxiety and fear, where anxiety is a worry about future events and
ear is a reaction to current events and is accompanied by physical
ymptoms, such as a racing heart and shakiness. There are various
orms of anxiety disorders, including post-traumatic stress disor-
er, social phobia or other phobias, generalized anxiety disorder,
nd panic disorder. Research shows some overlap between anxiety
isorders and alexithymia. Alexithymia has a higher prevalence in
atients with anxiety disorders (30–40%) than in the healthy popu-

ation (∼10%) (Zahradnik et al., 2009; for a review, see De Berardis
t al., 2008), and a higher prevalence in patients with panic dis-
rder as compared to obsessive-compulsive disorder (Zeitlin and
cNally, 1993). To date, it is unsure whether alexithymia is state-

ependent or not and therefore an important measure to include
n any anxiety study. Anxiety disorders are partly genetic but may
lso be due to drug use including alcohol and caffeine, as well as
ithdrawal from certain drugs. They often occur with other mental
isorders, particularly major depressive disorder, bipolar disorder,
ertain personality disorders, and eating disorders (Kessler et al.,
012).

.4.1. Emotion processing deficits in anxiety
A normative function of the mechanisms underlying fear is

o facilitate detection of danger in the environment and to help

he organism respond effectively to threatening situations. Anxi-
ty or fear can thus be adaptive healthy responses, but can also
ecome debilitating and maladaptive. Biases in emotion processing
f threat-related information have been assigned a prominent
ehavioral Reviews 52 (2015) 153–171

role in the etiology and maintenance of anxiety disorders (Bar-
Haim et al., 2007; Bell et al., 2011) and may  reflect the influence
of neuromodulatory factors in the formation and expression of
cognitive-emotional biases such as those seen in anxiety and
depression (Harmer et al., 2011).

Exactly how the deficits in the fear mechanism cause biases in
the processing of threat-related information is a matter of cur-
rent debate. The vigilance hypothesis postulates that individuals
with anxiety disorders detect threat more rapidly and more often.
This theory is supported by research on dichotic listening (McNally
and Foa, 1986), signal detection (Wiens et al., 2008) and spatial
attention (Mogg and Bradley, 2002). The maintenance hypothesis
suggests that attentional biases may  increase state anxiety by main-
taining cognitive resources on threat (Fox et al., 2001). In addition
to the facilitated detection of threat and the difficulty disengaging
from it, studies that utilized longer stimulus exposures also observe
anxiety-related biases in attention away from threat (Koster et al.,
2005) that prevents reappraisal of threatening stimuli and thereby
maintains harm associations (Mogg et al., 1987). Armstrong and
Olatunji (2012) reviewed the application of eye tracking method-
ology in the study of attentional biases for threat in anxiety and
depression and argued that these hypotheses are not mutually
exclusive. They observed that relative to controls, anxious indi-
viduals showed increased vigilance for threat during free viewing
and visual search, and showed difficulty disengaging from threat in
visual search tasks, but not during free viewing.

Recently, Plana et al. (2014) conducted a meta-analysis on forty
studies including anxiety patients and their performance on behav-
ioral social cognition tasks. Results showed that people with a
post-traumatic stress disorder have deficits in mentalizing and
emotion recognition while those with social phobia showed attri-
butional biases. Unfortunately, for the other two social cognition
domains that the authors defined, mentalizing and social percep-
tion/knowledge, the number of studies was  insufficient to draw
solid conclusions. Given that the emotional avoidance and num-
bing symptoms characteristic of PTSD suggest problems with affect
regulation, and that cognitive factors are thought to contribute
to the development and maintenance of PTSD, numerous studies
have linked both alexithymia and anxiety-sensitivity to PTSD (e.g.,
Zahradnik et al., 2009).

1.4.2. fMRI research on emotion processing deficits in anxiety
Meta-analyses of neuroimaging studies on people with anx-

iety disorders revealed consistent amygdala hyperactivity along
with reduced activity in the ventromedial prefrontal cortex and
thalamus, providing evidence for a neuro-circuitry model of anx-
iety that emphasizes alteration in neural networks important for
salience detection and emotion regulation (Etkin and Wager, 2007;
Hayes et al., 2012). The meta-analysis by Hattingh et al. (2013)
confirms that increased activation of the amygdala is a promi-
nent feature in social anxiety disorder, particularly in response to
socially emotive stimuli. Similar patterns have been observed in
physically healthy but anxiety-prone subjects (Kret et al., 2011). For
example, Stein et al. (2007) showed that higher scores on several
measures assessing anxiety proneness including neuroticism, trait
anxiety, and anxiety sensitivity, were all associated with greater
activation of the amygdala. The three meta-analyses also showed
over-activation of the anterior cingulate cortex in comparison to
healthy controls. In healthy individuals, the anterior cingulate cor-
tex is highly activated during the anticipation of pain (Straube,
2009). Etkin and Wager (2007) directly compared post-traumatic
stress disorder patients with social anxiety disorder patients and

found that especially the former group showed marked hyper-
activation in this area. A post-traumatic stress disorder often results
from the experiencing or witnessing of a stressor event involv-
ing life-threatening situations. Activation of the anterior cingulate
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ing self-reported depression, age at time of testing, and years of
education. It must be noted however, that the analysis of individual
M.E. Kret, A. Ploeger / Neuroscience an

ortex may  point to compensatory efforts to regulate high anx-
ety states in anticipation of pain that are evoked by showing
atients trauma-related or general emotional stimuli. Recently,
inelli et al. (2014) conducted a meta-analysis on fMRI studies

ncluding patients with Williams’ syndrome and social anxiety.
he findings show that although the amygdala was over-activated
n socially anxious patients, patients with Williams’ syndrome
howed decreased activation of the limbic system and the infe-
ior region of the parietal lobule as compared to controls. Altered
ctivity in the fusiform gyrus was not observed.

The meta-analyses outlined above include both emotion per-
eption and emotion regulation studies. However, several studies
ave also used neuroimaging methods specifically to identify neu-
al change in brain networks associated to emotion regulation, for
xample with reappraisal methods. Goldin et al. (2009) examined
ognitive reappraisal of social (harsh facial expressions) and phys-
cal (violent scenes) threat in social anxiety disorder patients and
ealthy controls. Regulation during social threat, but not physi-
al threat, was associated with diminished recruitment of brain
ystems implicated in cognitive reappraisal (dorso-medial and
orsolateral prefrontal cortex, and attention modulation (medial
uneus, posterior cingulate cortex, and parietal cortex) in social
nxiety disorder, compared to healthy controls. In another study
y this group, using negative self-beliefs, the temporal dynamics
f the BOLD response, in addition to its signal magnitude, were
nalyzed (Goldin et al., 2009). Findings revealed greater early activ-
ty in healthy controls during reappraisal of negative self-beliefs
n brain networks implicated in reappraisal (dorsomedial, dorso-
ateral, and ventrolateral prefrontal cortex), language (left inferior
rontal gyrus), and visual (precuneus, inferior parietal) processing,
hile social anxiety disorder patients had greater late responses

n dorsomedial and ventrolateral prefrontal cortex, insula, and
isual processing regions. These findings suggest a failure to
ecruit reappraisal-related prefrontal regions in social anxiety
isorder.

In a study by Brühl et al. (2013), patients were instructed either
o perform ‘reality checking’ or to simply anticipate and then look
t negative, positive, and neutral pictures. Thus, in contrast to the
rst two studies, which compared patients to healthy controls, this
tudy compared patients applying cognitive control with patients
ot using cognitive control. The authors found regulation-related
educed activity in emotion reactivity regions (amygdala, insula,
halamus), and in the dorsolateral prefrontal cortex and cingulated
ortex, with no regions with increased activity due to cognitive
ontrol.

Finally, Ziv et al. (2013) also examined reappraisal-related
ehavioral and neural responses in generalized social anxiety disor-
er patients and healthy controls during different socio-emotional
asks. Their results suggest a dysfunction of cognitive reappraisal
n social anxiety disorder patients, with overall reduced late brain
esponses in prefrontal regions, particularly when reappraising
aces. Decreased late activity in the dorsomedial prefrontal cor-
ex might be associated with deficient reappraisal and greater
egative reactivity. Recently, new methodologies such as meas-
res for functional connectivity have been developed. Brühl et al.
2014) provide a first comprehensive meta-analysis including
hese more recent techniques. Again, hyper-activation of the fear
ircuit was shown, but more interestingly, also reduced con-
ectivity between parietal and limbic and executive network
egions.

In sum, primarily the typical fear circuit is overactive in anxi-
ty disorders and the emotion regulation areas do have insufficient
ontrol to dampen that activity. The disconnection of the medial
arietal hub in social anxiety disorder shown by Brühl et al. (2014)

xtends current frameworks for future research in anxiety disor-
ers. For an overview, see Table 1.
ehavioral Reviews 52 (2015) 153–171 157

1.5. Mood disorders

In the USA, the lifetime prevalence of mood disorders is 21.4%
(Kessler et al., 2012). Mood disorders are characterized by a reg-
ular depressed mood, and a loss of interest or pleasure in almost
all activities. There are two  groups of mood disorders and the divi-
sion is based on whether a manic or hypomanic episode has ever
been present. The most studied disorders are major depressive dis-
order and bipolar disorder, formerly known as manic depression
and characterized by intermittent episodes of mania or hypoma-
nia, usually interlaced with depressive episodes. There are also
psychiatric syndromes featuring less severe depression known as
dysthymic disorder (similar to, but milder than major depressive
disorder) and cyclothymic disorder (similar to, but milder than
bipolar disorder). Mood disorders may  also be substance-induced
or occur in response to a medical condition. Nearly 70% of the peo-
ple with a mood disorder meet the criteria for at least one other
mental disorder, including anxiety disorder, substance use disorder
and impulse control disorder (Kessler et al., 2003). As with anxiety
disorders, there is a strong association between alexithymia and
depression in adults (Honkalampi et al., 2000) and in adolescents
(Ciarrochi et al., 2008; Honkalampi et al., 2009).

1.5.1. Emotion processing deficits in mood disorders
Mood disorders are characterized by impaired emotion regula-

tion. Sustained negative affect and a persistent reduction in positive
affect are the hallmark features of a diagnosis of a major depressive
episode. Indeed, it has been suggested that depression vulnerable
and non-vulnerable people do not differ primarily in their ini-
tial response to a negative event, but in their ability to recover
from the ensuing negative affect (e.g., Teasdale, 1988). As com-
pared to healthy individuals, patients more frequent use of certain
strategies (e.g., expressive suppression, thought suppression, rumi-
nation, catastrophizing) and less frequent use of other strategies
(e.g., reappraisal, self-disclosure) is related to levels of symptoms of
depression and anxiety (e.g., Campbell-Sills et al., 2006; Garnefski
and Kraaij, 2006; Gross and John, 2003). In addition, it has been
suggested that impaired emotion regulation not only characterizes
currently depressed people, but is also evident following recovery
from this disorder (Ehring et al., 2008).

Impaired perception of expressions of emotion has been pro-
posed as a candidate marker for depression that may contribute
to the vulnerability for negative emotion and onset of depressive
episodes (Chan et al., 2008; Mikhailova et al., 1996; Leppanen,
2006). Most frequently, individuals susceptible to depression have
been characterized as exhibiting negative attentional biases toward
emotional information (e.g., Atchley et al., 2003; Bradley et al.,
1997; Siegle et al., 2002). This negative bias can be seen through
increased attention directed at negative stimuli (Rottenberg et al.,
2005), as a failure to attend sufficiently to positive information
or been interpreted as failing to block negative information from
interfering with a mental task (e.g., Joormann, 2004). The results
and interpretation of results is somewhat mixed, and although
researchers have tried to find evidence for a differential deficit for
specific emotions that relate to clinical symptoms, i.e. happy and
sad, a recent meta-analysis suggests that the impairment is more
general (Kohler et al., 2011). This meta-analysis on emotion per-
ception studies in bipolar disorder and major depressive disorder
revealed a moderate deficit in emotion perception in both disor-
ders, irrespective of the task, the specific emotion being shown,
diagnosis, age of onset/duration of illness, sex, and hospitalization
status. Several factors moderated the observed impairment includ-
emotions was limited by small sample sizes and possibly therefore
failed to reveal that mood disorders, both overall and according
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Table 1
Meta-analyses on emotion processing in clinical groups vs. controls. See ref. Li et al., 2010.

2007-2014  Disorder  Stimuli Analysis Results

Anxiety disorders 
Etkin & Wager, 
2007

Post-Traumatic 
Stress Disorder 

Social anxiety
Disorder

Specific phobia 

Emotional Voxel-
wise PET 
& fMRI 
N = 40 

Negative: Amygdala; Insula
SAD and SP vs. Post-Traumatic Stress Disorder: Amygdala; 
Insula; rostral ACC; VmPFC; d. ACC; Thalamu s

Hayes et al., 2012 Post-Traumatic 
Stress Disorder 

Cognitive–
Emotional 

ALE
N = 26 

r. Mid- / d. ACC; l. STG; l. SMA; Amygdala; r. MFG; r. vmPFC;
Thalamus; r. IFG; l. MOG; r. MFG; r.MTG r. Precuneus; r.
Cerebellum; r. MFG; l. Fusiform; l. STG; l. d. ACC; l. SFG 
[vmPFC-Amygdala]

Hattingh et al., 
2013

Social Anxiety 
Disorder

Facial expressions
and emotional 
statements

ALE 
N = 7 

Amygdala, l. medial temporal lobe encompassing entorhinal 
cortex, l. medial inferior temporal lobe encompassing perirhinal
cortex and parahippocampus, r. ACC, r. globus pallidus, r.
postcentral gyrus

Brühl et al., 2013 Social Anxiety 
Disorder

Disorder -specific
stimuli and 
general emotional 
stimuli 

ALE 
N = 40 

Specific emotional stimuli: Amygdala; Insula; MPFC; VLPFC;
ACC; parC
General emotional stimuli: Amygdala; Insula; l. DLPFC;
temporal, parietal and occipital cortex; Thalamus 
After vs. before Treatment: decreased activation in occipital 
and temporal cortex

Binelli et al., 
2014

Social Anxiety 
Disorder

Williams 
syndrome 

Facial expressions ALE 
N = 22 

Social Anxiety Disorder > control: l.
Amygdala/parahippocampal gyrus; l. entorhinal cortex; r. globus 
pallidus; r. subcallosal gyrus; r. insula; mPFC; l. putamen; l. STG;
l. cuneus
Williams > control: r. IPL; r. amygdala; r. parahippocampal 
gyrus; r. globus pallidus

Mood disorders 
Chen, et al., 2011 Bipolar 

Disorde r
Cognitive–

 Emotional 
ALE
N = 65 

Emotion : Medial Temporal Lobe, Putamen, Pallidum ; IF G

Delvecchio et al.,
2012

 Bipolar Disorde r

Major Depressive
Disorde r

Facial expressions ALE 
N = 20 

Fear: Bipolar l. Parahippocampal Gyrus (BA 28/35), l. Putamen;
Thalamus; IFG (BA47/45); l. anterior cingulate cortex (BA32)
Major Depressive Disorder l. Precentral Gyrus 
Happy: Bipolar Caudate; l. Parahippocampal Gyrus; r. anterior
cingulate cortex
Major Depressive Disorder r. Thalamus

Diener, et al., 2012Major Depressive
Disorde r

Cognitive–
Emotional 

ALE
N = 40 

Emotional : Mid Occipital (BA 19, 31) Posterior Lobe,
Postcentral (BA 40), a. Insula (BA 13); l. Medial Frontal (BA 6);
r. Paracentral (BA 31); anterior cingulate cortex (BA 32); r. IFG
(BA9) r. SFG (BA6), Lateral Globus Pallidus; STG (BA39); 
Thalamus; Striatum; Caudate Fear: SFG (BA 6) Sad: Thalamus
Positive: Thalamus; Caudate; Lateral Globus Pallidus Negative:
Parahippocampal Gyrus

Groenewold et al., 
2012

Depression Positive-Negative 
valence face/no 
face

parametric 
voxel-
based
meta-
analysis 
N = 44 

Negative: Amygdala; Striatum, Parahippocampal Gyrus;
Cerebellar; Fusiform; ACC; dlPFC
Positive: Amygdala; Striatum; Parahippocampal Gyrus; 
Cerebellar; Fusiform; ACC; OFC

Hamilton et al., 
2012

Major Depressive
Disorde r

Positive-Negative 
valenc e

Voxel-
 wise

rCBF & 
fMRI
N = 38

Negative: r. Amygdala; l. d. ACC; l. Insula; l. TG; l. Precentral
Gyrus; l. Middle Temporal Gyrus 
Positive: r. subcallosal gyrus; d.l. PFC; l. parahippocampal gyrus; 
r. d. ACC; r. Caudate/putamen; l. Cerebellar Uvula

Zhang et al., 2013 Major Depressive
Disorde r

Reward  ALE 
N = 22 

Reward: depressed > control: Caudate; l. Thalamus; 
Cerebellum; r. Putamen; l. ACC; r. Insula; Cuneus; r. frontal lobe;
MFG; l. SFG; l. FG; r. lingual gyrus 
Positive: depressed > control: Cerebellum; l. ACC; r. lentiform
nucleus; l. Caudate; r. Thalamus; l. lingual gyrus; l.
parahipposcampal gyrus; FG
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Table  1 (Continued)

Schizophrenia

Li et al., 2010 Schizophrenia Facial expressions ALE 
N = 15

Parahippocampal gyrus/Amygdala; Fusiform; r. SFG, r. Lentiform
Nucleus; l. Insula

Sugranyes et al., 
2011

- Autism Spectrum
Disorders
- Schizophrenia 

Facial expressions ALE 
N = 33

Autism l. STG; l. Postcentral 
Schizophrenia r. IFG; r. PCC; l. Amygdala; r. Fusiform; l.
Thalamus

Taylor et al., 2012 Schizophrenia  Emotion
perception/
experience

ALE
N = 26

Emotion: l. Amygdala; l. Hippocampus; Thalamus; r. anterior
cingulate cortex (BA 24/32); r. Dorsolateral Frontal (BA 44), r. 
Medial Frontal (BA 8); r. a. TP (BA 38); r. Caudate; r. STG (BA
22); Midbrain; r. Fusiform (BA 37); OP.; l. Cerebellum; l. Cuneus 
(BA 19); l. Parietal Lobule (BA 2); r. Precentral Gyrus (BA 6); l.
STG (BA 21)

Delvecchio et al., 
2012

- Schizophrenia 
- Bipolar disorder

Facial expressions ALE 
N = 29

Schizophrenia: r. Cuneus, l. Medial Frontal (BA 9), l. Precentral 
(BA 6), l. Parahippocampal (BA 28), l. anterior cingulate cortex
(BA 32), r. Amygdala, r. Insula (BA 13 )
Bipolar: parahippocampus/Amygdala; l. Thalamus
ventrolateral prefrontal cortex (BA 47, 44), l. anterior cingulate 
cortex (BA 32), r. Caudate

Autism

Sugranyes et al., 
2011

- Autism Spectrum
Disorders

Facial expressions ALE 
N = 33

Autism l. STG; l. Postcentral 
Schizophrenia r. IFG; r. PCC; l. Amygdala; r. Fusiform; l.

- Schizophrenia Thalamu s
Binelli et al., in
press

Social Anxiety 
Disorder

Williams
syndrome 

Facial expressions A LE 
N = 22 

Social Anxiety Disorder > control:
 l. Amygdala/parahippocampal gyrus; l. entorhinal cortex; r.

globus pallidus; r. subcallosal gyrus; r. insula; mPFC; l. putamen; 
l. STG; l. cuneus
Williams > control: r. IPL; r. amygdala; r. parahippocampal 
gyrus; r. globus pallidus

Borderline

Ruocco et al., 
2013

Borderline   Emotion ALE 
N = 11 

Negative: r. Amygdala; r. STG; DLPFC; r. AC C; r. Insula; r.
PCC; l. DLPFC

Mitchell et al., 
2014

Borderline  Facial expressions
N = 7 

Amygdala, ACC, IFG, ST S

Eating disorders

Zhu et al., 2012  Eating disorders  Food, body, 
emotion

ALE
N = 17 

Emotion: - 
Food: r. Medial Frontal, r. Caudate , l. Inferior Parietal
Body: l. Limbic, l. ST, postcentral parietal , l. Inferior Parietal

This table gives an overview of meta-analytical studies in different patient groups concerning fMRI studies on emotion 
processing. Results are grouped per disorder and presented in the order of year of publication .

Studies that include multiple disorders appear multiple times in the table (i.e. Delvecchio et al. (2012) appear under ‘Schizo phrenia’ ,
but also under ‘Mood disorders’. 

Clinical group > Control group Control group > Clinical group 
Abbreviations of brain areas: anterior cingulate cortex = anterior cingulate cortex; IFG = inferior frontal gyrus; MFG = medial
frontal gyrus; MOG = middle occipital gyrus; SFG = superior frontal gyrus; ST(G) superior temporal (gyrus); OP = occipital pole ;
parC = parietal cortex; PCC = posterior cingulate cortex; SFG = superior frontal gyrus; SMA = supplementary motor area; TP = 
temporal pole 
Abbreviations of locations: a. = anterior; BA = Brodmann area; d. = dorsal l. = left hemisphere; r. = right hemisphere 

hy con

Ma, 2014 Mood Disorder  Positive-Negative 
valence

ALE 
N = 60

Positive, antidepressant > control: Amygdala; r. dlPFC; l.
Hippocampus; r. vmPFC; r. ACC; l. Fusiform; l. vmPFC; l.
Precuneus; l. Insula; Insufficient studies for the opposite contrast
Negative, antidepressant > control: l. dlPFC 
Negative, antidepressant < control: Amygdala; r.
Hypothalamus; l.
Putamen; l. Middle Temporal; r. ACC; r. Insula; l. Middle Frontal

t
e

1
d

d

Other abbreviations: ALE = Activation Likelihood Estimation; HC = healt
analysis.

o separate groupings, may  induce a perception bias of a specific
motion.
.5.2. fMRI research on emotion processing deficits in mood
isorders

In the past 5 years, different meta-analyses have been con-
ucted on major depression and bipolar disorder in relation to
trols; N = number of studies included in the meta-

emotion processing. These studies showed over-activation of the
amygdala, along with the parahippocampal gyrus and striatum,
especially when processing negative signals (Chen et al., 2011;

Delvecchio et al., 2012; Diener et al., 2012; Groenewold et al., 2012;
Hamilton et al., 2012). In response to positive expressions, or oth-
erwise rewarding stimuli, under-activation is commonly observed
(Zhang et al., 2013).
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Different theoretical models have been proposed to account for
hese findings. In the limbic-cortical model of depressed mood,
ver-activity in limbic areas (including the hippocampus) is not
dequately controlled by prefrontal areas (Mayberg et al., 1999).
he rostral and subgenual regions of the anterior cingulate cor-
ex are believed to play a key mediatory role in this network
Disner et al., 2011; Seminowicz et al., 2004). In an alternative

odel, more emphasis is laid on the role of subcortical structures
n the etiology of depression. The concept of parallel, overlap-
ing, cortico–striato–pallidal–thalamic loops was introduced by
lexander et al. (1986). Circuits extend from the striatum to pre-

rontal and limbic regions and are involved in distinct functions
ncluding cognitive and emotional processing and motor control.
triatal dysfunction in particular has been associated with symp-
oms of major depression including anhedonia and psychomotor
etardation and gray-matter volume reductions have been shown
hroughout regions of this network in major depressive disorder
Bora, 2012).

Alterations in the default network (including medial prefrontal
egions, precuneus, lateral parietal cortex and the lateral tempo-
al cortex) has been proposed as yet another model for depression.
atients frequently score highly on scales of negative mood valent
umination (Mor  and Winquist, 2002), with associated heightened
epressive symptom load and hyperactivity in the default mode
etwork (Pizzagalli, 2011). These areas show increased activity at
est in current major depressive disorder (Greicius et al., 2007)
long with a failure to deactivate normally during task conditions
Shulman et al., 1997). This model, based on a cognitive rumination
rocess, is thought to best represent a state-dependent feature and
ay, in part, account for the maintenance of an episode.
To get more insight into these different theoretical accounts,

raham et al. (2013) conducted a meta-analyses and included
ot only emotional, but also cognitive tasks which is important
o ascertain that deficits are specific for processing emotions or
re more general. The results of their meta-analysis support the
imbic-cortical and cortico-striatal models but not the default

ode network. The authors also note that treatment-sensitive
egions were primarily in lateral frontal areas but did not further
pecify the type of treatment that was used. As antidepres-
ants are widely used in the treatment of mood disorders and
nfluence emotional processes, Ma  (2014) conducted yet another

eta-analysis including pharmacological neuroimaging studies to
nvestigate the antidepressant effects on human brain activity
nderlying emotional processes. Specifically, results show that for
oth patients and healthy volunteers, the medial prefrontal and
ore limbic parts of the emotional network (anterior cingulate,
mygdala and thalamus) were increased in response to positive
motions but decreased to negative emotions by repeated antide-
ressant administration. In patients, antidepressants increased
ctivity in the dorsolateral prefrontal cortex, a key region mediating
motion regulation, during both negative and positive emotions.
n healthy volunteers, repeated antidepressant administration
ecreased brain responses to positive emotions in the nucleus
ccumbens, putamen, medial prefrontal and midbrain. The author
oncludes that antidepressants can be administered to normalize
eural responses in depressed patients by increasing brain activity
o positive stimuli and decreasing activity to negative stimuli in the
motional network, and increasing engagement of the regulatory
echanism in the dorso-lateral prefrontal cortex. For an overview,

ee Table 1.
The meta-analysis by Ma  (2014) was limited to regional acti-

ation changes (as revealed by task and antidepressant vs. control

omparisons). Studies focusing on functional connectivity, struc-
ural, resting-state or brain–behavior correlations were excluded,
ut there are several of those studies that report on altered connec-
ivity between different brain regions. For example, Anand et al.
ehavioral Reviews 52 (2015) 153–171

(2007) observed decreased cortico-limbic connectivity in people
with mood disorders when observing emotional stimuli and that
antidepressant treatment can re-establish this connectivity. In line
with that study, Vizueta et al. (2012) observed that bipolar patients
exhibited reduced negative functional connectivity between the
right amygdala and the right orbitofrontal cortex as well as the
right dorsolateral prefrontal cortex relative to healthy comparison
subjects. A substantive meta-analysis of these connectivity findings
related to emotion processing is still missing.

1.6. Schizophrenia

Schizophrenia is characterized by abnormalities in the percep-
tion or expression of reality, such as delusions and hallucinations.
Onset typically occurs in young adulthood, with 0.4–0.6% of the
population being affected (Bhugra, 2005). Genetics and early envi-
ronment, as well as psychological and social processes, appear to
be important contributory factors. Some recreational and prescrip-
tion drugs appear to cause or worsen symptoms. The many possible
combinations of symptoms have triggered a debate about whether
the diagnosis represents a single disorder or a number of separate
syndromes or even separate disorders, as is suggested by a recent
genetic study (Arnedo et al., 2015). People with schizophrenia are
likely to have additional disorders, including major depression and
anxiety disorders; the lifetime occurrence of substance use disorder
is almost 50% (Buckley et al., 2009).

1.6.1. Emotion processing deficits in schizophrenia
Distortions in perception most commonly manifest as auditory

hallucinations, paranoia, and bizarre delusions, or disorganized
speech and thinking and may  lead to social withdrawal or isola-
tion, sloppiness of personal hygiene, and loss of motivation. There
is often an observable pattern of emotional difficulty, for example
lack of responsiveness, impairment in social cognition and paranoia
(Hirsch and Weinberger, 2003). However, although the expression
of emotions is impaired in schizophrenia, evidence is accumulat-
ing that the subjective emotional experience may  not be reduced
and that even more intense negative emotions are experienced
(Myin-Germeys et al., 2000). Van’t Wout et al. (2007) observed that
schizophrenic patients have difficulties identifying and verbalizing
emotions, especially in the face of a higher subjective emotional
arousal, which is a characteristic of alexithymia. Non-affected sib-
lings showed comparable problems in verbalizing their emotions
as the patients.

Kapur (2003) proposed that schizophrenia is a disorder of aber-
rant salience: psychosis often starts with a feeling of increased
awareness and emotionality, due to an increased release of
dopamine, followed by the assignment of salience to stimuli that
other people perceive as normal. These aberrant saliences eventu-
ally lead to psychosis when they are maintained in the absence of
the original stimuli.

This aberrant salience has been found in many different empir-
ical tests, including those of emotion processing. People with
schizophrenia often find facial emotion recognition difficult (Kohler
et al., 2011). Impaired recognition of facial expressions (Edwards
et al., 2001; Feinberg et al., 1986; Whittaker et al., 2001) and
prosody (Edwards et al., 2001) and a correlation between emo-
tion recognition accuracy and specific symptoms (Kohler et al.,
2000) and the chronicity of illness have been reported (Mueser
et al., 1997). Other studies have suggested a greater differential
impairment in negative affect recognition (Bell et al., 1997) includ-
ing a superior ability in paranoid as compared to non-paranoid

groups in negative affect identification (Kline et al., 1992). People
with persecutory delusions demonstrated specific abnormalities
in their viewing strategies for social scenes, more often depicting
ambiguous rather than explicitly threatening information (Phillips
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t al., 2000). Moreover, people with schizophrenia show deficits in
motion identification from body shapes and movements (Bigelow
t al., 2006).

Some studies have reported deficits in the categorization of
motional voices, and correlations between deficits in hearing and
eeing emotions (De Gelder et al., 2003; De Jong et al., 2009;
endrick et al., 2001; Suri et al., 2001). In the healthy popula-

ion, a vocal emotional expression influences the categorization
f a facial expression (De Gelder et al., 1995) and vice versa (De
elder and Vroomen, 2000). In people with schizophrenia, the mul-

isensory integration of facial and vocal emotional information is
mpaired (De Jong et al., 2009). Vaskinn et al. (2007) presented facial
xpressions and spoken emotional sentences for identification and
iscrimination in groups of participants with schizophrenia, bipo-

ar disorder and healthy controls. Visual emotion perception was
nimpaired in both clinical groups, but the schizophrenia sam-
le showed reduced auditory emotion perception (Altshuler et al.,
004). In another study compared people with schizophrenia were
ompared with people with bipolar disorder and controls in an
motion and age facial recognition task. Results showed that peo-
le with schizophrenia had deficits in recognizing angry faces as
ompared to healthy controls and people with bipolar disorder.
ompared to control participants, people with schizophrenia and
ipolar disorder were more likely to mislabel facial expressions of
nger as fear (Goghari and Sponheim, 2012).

Recently, Barkl et al. (2014) conducted a meta-analysis of
tudies of facial emotion identification in early-onset and first-
pisode psychosis. Findings suggest that patients with early-onset
nd first-episode psychosis have impairment in identifying facial
xpressions of emotion. Across the twelve studies that were
ncluded, the onset of psychosis was distinguished by a general-
zed effect of significantly poorer accuracy for identifying facial
xpressions of emotion than healthy controls. Moreover, some
motions were harder for patients to identify than others, with
he magnitude of impairment found to be large for disgust, fear
nd surprise, and medium for sadness, and happiness. No between
roups mean differences were found for anger or neutral facial
xpressions. In another recent meta-analysis encompassing a larger
umber of case–control studies with different emotion paradigms,
’Driscoll et al. (2014) found distortions in emotion management
nd cognitive reappraisal along with increased experiential avoid-
nce, attentional deployment, dissociation and alexithymia.

However, it must be noted that these difficulties might not
e specifically related to emotional expressions, as difficulties in
orking and long-term memory, attention, executive functioning,

nd speed of processing are also observed more generally (Van Os
nd Kapur, 2009). That notwithstanding, emotion processing has
ecome a high priority area in schizophrenia research.

.6.2. fMRI research on emotion processing deficits in
chizophrenia

Three meta-analyses showed that compared to controls, people
ith schizophrenia showed less involvement of the fusiform gyrus,

mygdala and basal ganglia during emotion processing, areas com-
only activated in face perception (Li et al., 2009; Taylor et al.,

012; Delvecchio et al., 2012). These meta-analytical accounts sug-
est that schizophrenia is associated with functionally important
bnormalities in face processing in the domains of emotion recog-
ition and complex social judgments. For an overview, see Table 1.

Michalopoulou et al. (2010) aimed to identify brain regions
ssociated with reality distortion syndrome reduction in a group
f patients with schizophrenia during processing of emotion-

lly salient stimuli. The distortion of reality is characterized by
allucinations and delusions. To this extent, authors analyzed
OLD responses during an implicit emotional task. Patients were
canned twice with an interval of 6–8 weeks. The results show that
ehavioral Reviews 52 (2015) 153–171 161

reality distortion syndrome reduction was  associated with
increases in the activation of the affective division of the ante-
rior cingulate and lateral prefrontal cortices. These findings may
indicate that changes in the activation of these regions during
processing of emotionally salient stimuli may  represent neural
markers of patients’ symptomatic improvement.

A recent study by Mukherjee et al. (2012) suggests that there
are also impairments in brain-connectivity. When looking at fear-
ful compared to neutral faces, people with schizophrenia showed
significantly reduced effective connectivity from the amygdala
to the theory-of-mind network (i.e., the network involved when
attributing mental states to other people, which includes the pre-
cuneus and temporo-parietal lobe), compared to healthy controls.
In addition, in comparison to control participants, individuals with
schizophrenia over-activated the superior frontal gyrus and mid-
dle frontal gyrus when making judgments of approachability from
faces. These are key brain regions involved in cognitive control. Both
brain regions have frequently been implicated in the pathology of
schizophrenia by both structural and functional studies (Honera
et al., 2005; Barch and Ceaser, 2012; Callicott et al., 2003). Notably,
previous studies have suggested that these regions may be linked
to emotion regulation (Mak  et al., 2009) and increased activation
of regions, including the dorsolateral prefrontal cortex has been
demonstrated in patients with schizophrenia when greater emo-
tional load impacts on cognitive processing (Becerril and Barch,
2011). Mukherjee et al. (2012) therefore suggest that the greater
activation of this cognitive network in patients with schizophre-
nia may  reflect a compensatory response to the joint cognitive and
emotional demands of the social task.

The majority of theory-of-mind studies asked participants to
retrospectively attribute mental states to others. In addition,
behavioral studies have revealed slower theory-of-mind perfor-
mance reaction times in patients with schizophrenia, and it is
possible that time may  have an impact on fMRI activation patterns.
Pedersen et al. (2012) used a novel animated task to investigate
implicit mentalizing online. In their study, the authors applied the
“Moving Shapes” paradigm, which involves two interacting trian-
gles, to an fMRI block design and investigated the neural activation
patterns of schizophrenia patients with matching healthy control
subjects. The first and second halves of each video were analyzed
separately to assess time-related differences. The results of this
study showed that patients with schizophrenia had predominantly
increased activation in theory-of-mind-related brain areas during
the second half of the theory-of-mind paradigm, whereas the acti-
vation in areas of the theory-of-mind-network in healthy controls
occurred during the first half of the presentation. This observa-
tion of slower cognitive processing in patients with schizophrenia
during mentalizing might explain some of the contradictory imag-
ing findings in these patients and have implications for cognitive
remediation.

1.7. Autism spectrum disorders

Autism spectrum disorders are neurodevelopmental disorders
that have an early onset and involve impairments in social and
communication skills, as well as repetitive and stereotyped behav-
iors. The prevalence of autism spectrum disorders is approximately
1% and it occurs four to five times more often in boys than girls
(Elsabbagh et al., 2012). Autism spectrum disorders often co-occur
with other psychiatric disorders, including ADHD (Leyfer et al.,
2006) and anxiety (Van Steensel et al., 2011) in children and anxiety
and mood disorders in adults (Buck et al., 2014).
1.7.1. Emotion processing deficits in autism
People with autism spectrum disorders have severe prob-

lems in regulating their emotions and in recognizing emotions of
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thers. Research has shown that people with autism attend less to
aces than controls, but when they do, perceptual processes and
xploratory ocular movements focus much on irrelevant features
Senju and Johnson, 2009; Spezio et al., 2007). They have deficits
n the recognition of emotion, identity, gender and age from faces
Celani et al., 1999) and emotion from bodies but have no difficul-
ies in recognizing actions and object manipulations (Hubert et al.,
007). Riby and Hancock (2009) tracked eye gaze of children with
utism and those with Williams’ syndrome when they were looking
t pictures and videos of socially relevant scenes. Children in the
utism group spent less time looking at faces than normally devel-
ped children. On the contrary, children with Williams’ syndrome
pent more time than controls on looking at faces. The authors con-
lude that these different visual preferences for important social
nformation might indicate that both groups interpret the social
ues differently. In a study in which people with autism and
chizophrenia were compared, it was observed that both attended
ess to faces than healthy controls. People with schizophrenia, like
ealthy controls, oriented to informative face regions but showed

 delay in this orienting (Sasson et al., 2007). The abnormal view-
ng patterns in the autism group may  be related to the complexity
f the stimuli or the extent to which they contain socially relevant
nformation. No looking pattern differences between individuals

ith autism and a control group were observed in an experiment
n which both groups observed a non-emotional speaking face.
nterestingly, whereas the control group blinked when the speaker
linked, such blink synchrony was absent in the autism group
Nakano et al., 2011). However, caution should be taken when
ddressing these deficits to autism directly, as a recent study found
hat the emotional symptoms of autism co-occur with alexithymia.
t has even been suggested that the existing diagnostic criteria may
eed to be revised (Cook et al., 2013). Alexithymia clearly is a factor
hat should be taken into account when testing these patients.

.7.2. fMRI research on emotion processing deficits in autism
Research suggests that people with autism have reduced neu-

al sensitivity to emotional cues such as facial expressions and
bnormally localized regions of face sensitivity. A meta-analysis
omparing autistic and schizophrenic patients with controls
eported reduced activity in autistic individuals in the left amyg-
ala, thalamus and the right fusiform and inferior frontal gyrus
Sugranyes et al., 2011). Earlier studies already hinted toward an
nder-recruitment of the fusiform gyrus during emotion percep-
ion and this meta-analysis partly supports that earlier work. More
pecifically, the results of several earlier studies suggested that a
articular area within the fusiform gyrus, i.e., the fusiform face area

s underdeveloped in autism (Critchley et al., 2000; Hubl et al., 2003;
ierce et al., 2001; Schultz et al., 2000). For an overview, see Table 1.

Several contradicting results have been published, which may
e due to different tasks and differences in eye-gaze patterns in
utism as compared to healthy controls. The relevance of this
haracteristic to fMRI studies of autism has been identified; a cor-
elation has been observed between time spent fixating on the
yes and activation in the fusiform gyrus and amygdala (Dalton
t al., 2005; see also Adolphs et al., 2005). Nonetheless, a recent
tudy showed that people with autism failed to engage the sub-
ortical brain regions involved in face detection while fearful faces
ere presented subliminally, which points to a core mechanism

or impaired socio-emotional processing in autism, independent of
ooking patterns (Kleinhans et al., 2011).

Over the past three decades, a number of theories have been
ut forward to account for the pervasive social impairments found
n autism. The idea of a core deficit in social cognition (theory-of-
ind skills and accompanying neural networks) has become one

f the most prominent accounts of this disorder. Concomitantly,
he impact of motivational factors on the development of social
ehavioral Reviews 52 (2015) 153–171

skills and social cognition has received recent attention in ‘the social
motivation theory’ of autism (Chevallier et al., 2012). According to
this theory, autism can be construed as an extreme case of dimin-
ished social motivation. More specifically, they state that in autism,
there appears to be an overall decrease in the attentional weight
assigned to social stimuli in general. Diminished social orienting,
social reward and social maintaining are all found in autism and
can account for a range of behaviors, including cascading effects
on the development of mature social cognitive skills. These deficits
appear to be rooted in biological disruptions of the orbitofrontal-
striatum circuitry. Decreased (motivated) attention to social stimuli
such as emotional expressions of others might explain why indi-
viduals with autism find it difficult to understand the emotions of
others.

1.8. Borderline personality disorder

With a prevalence ranging from 1.4% to 5.9% in the normal popu-
lation (Aragones, 2012), borderline personality disorder is the most
common personality disorder. Prevalence rates increase up to 20%
for psychiatric outpatients (Korzekwa et al., 2008) and up to 40%
for inpatient settings (Grilo et al., 1998). The most essential feature
of this disorder is a pattern of marked impulsivity and instability of
affects, interpersonal relationships and self-image. The pattern is
present by early adulthood and occurs across a variety of situations
and contexts (Leichsenring et al., 2011). Comorbidity with other
mental disorders is high; nearly 85% of the patients meet the crite-
ria of other disorders, especially substance use, mood and anxiety
disorders (Grant et al., 2008).

1.8.1. Emotion processing deficits in borderline personality
disorder

Borderline personality disorder is sometimes also being referred
to as ‘emotionally unstable personality disorder’ or ‘emotional
intensity disorder’ and is, as these alternative names already sug-
gest, characterized by severe and persistent emotional, cognitive,
behavioral and interpersonal impairments. People with this disor-
der feel emotions more easily, more deeply and for longer than
others do. Emotions may  repeatedly resurge and persist for a
long time. Consequently, it may  take much longer than normal
before borderline personality disorder patients return to a sta-
ble emotional baseline following an intense emotional experience
(Linehan, 1993). Their disrupted emotion regulation is linked to
self-injurious and suicidal behavior and can radically impede treat-
ment engagement (Brodsky et al., 2006).

This emotional hypersensitivity has been related to social-
cognitive perceptual biases, including heightened sensitivity to
social cues that might signal threat or rejection and impaired facial
emotion recognition and may  contribute to social disturbances
in borderline personality disorder (Linehan, 1993). In accordance
with this notion, a number of behavioral studies have revealed
a pattern of alterations in facial emotion recognition associated
with this disorder: subtle impairments in basic emotion recogni-
tion, a negativity or anger bias, and a heightened sensitivity to the
detection of negative emotions. New et al. (2012) found that alex-
ithymia is elevated in patients with borderline personality disorder.
Daros et al. (2012) conducted a small meta-analysis on emotion
perception studies in this patient group. They found that patients
were less accurate than controls in recognizing facial displays of
anger and disgust, although their most pronounced deficit was
in correctly identifying neutral (no emotion) facial expressions.
These results could not be accounted for by speed/accuracy in the

test-taking approach of borderline personality disorder patients
(Daros et al., 2012). Mitchell et al. (2014) conducted a some-
what larger meta-analysis of this literature and concluded that
there is consistent evidence supporting a negative response bias



d Biob

t
fi
i
s
m
b
f
s
e
t
l
p
t
t
2
t
s
d
p
r

r
e
o
(

1
p

d
M
t
n
p
c
c
T
h
d
c
c
a
p
c
r
f
r
d
e
t
i
n
w
c

b
T
b
2
2
f
p
t
2
e
b

M.E. Kret, A. Ploeger / Neuroscience an

o neutral and ambiguous facial expressions in patients. However,
ndings for negative emotions were mixed with evidence from

ndividual studies of an enhanced sensitivity to fearful expres-
ions and impaired facial emotion recognition of disgust, while
eta-analytically, no significant recognition impairments between

orderline personality disorder and healthy controls were observed
or any negative emotion. The authors recommend that future
tudies must address methodological inconsistencies between the
xperiments from all these different research groups, and in par-
icular in the variations in patients’ key clinical characteristics. In
ine with these recommendations, it has indeed been shown that
articipants with high borderline personality disorder traits iden-
ified more negative mental states to affective eye stimuli than
hose with low borderline personality disorder traits (Scott et al.,
011), a finding consistent with data from basic emotion recogni-
ion paradigms (Unoka et al., 2011). These data suggest that future
tudies should include and quantify degree of disorder-related
ysfunction, including nonclinical populations with borderline
ersonality disorder traits as this would allow a dose response
elationship to be explored (Trull et al., 1997).

To conclude, it has been suggested that emotional hyper-
eactivity interferes with emotion perception including facial
motion recognition, thereby contributing to the specific pattern
f altered emotion recognition in borderline personality disorder
Domes et al., 2009).

.8.2. fMRI research on emotion processing deficits in borderline
ersonality disorder

Early functional imaging work linked facial emotion processing
eficits to heightened amygdala activity (Donegan et al., 2003;
inzenberg et al., 2007). More recent work also considers func-

ional connectivity across distributed anatomical and functional
etworks that underpin the functional deficits in emotional
rocessing in this disorder. Thus far, two meta-analyses have been
onducted on the neural mechanisms underlying emotion per-
eption deficits in people with borderline personality disorders.
he first study, by Ruocco et al. (2013) showed that, compared to
ealthy control subjects, borderline personality disorder patients
emonstrated greater activation within the insula and posterior
ingulate cortex. Conversely, they showed less activation than
ontrol subjects in a network of regions that extended from the
mygdala to the subgenual anterior cingulate and dorsolateral
refrontal cortex. Mitchell et al. (2014) come to a very different
onclusion. Their meta-analysis shows that the underlying neu-
al substrate involves hyper-activation in the amygdala to affective
acial stimuli, and altered activation in the anterior cingulate, infe-
ior frontal gyrus and the superior temporal sulcus particularly
uring social emotion processing tasks. This strikingly different
ffect, especially with regard to the amygdala is probably related
o the huge varability in task designs and/or related to differences
n sample characteristics. Ruocco et al. (2013) included a smaller
umber of studies, and only included those where emotional faces
ere compared with neutral faces, and not with alternative control

onditions such as objects or shapes.
Several independent studies compared the connectivity

etween different brain areas in patient and control groups.
he majority of these studies à priori focused on connections
etween the prefrontal cortex and limbic regions (Anand et al.,
009; Anticevic et al., 2013; Chai et al., 2011; Chepenik et al.,
010; Mamah  et al., 2013; Torrisi et al., 2013) because aberrant
rontal-limbic functioning has been repeatedly implicated in the
athophysiology of borderline disorder, and is thought to drive

he resulting emotion dysregulation (Townsend and Altshuler,
012). With a slightly different approach, Koenigsberg et al. (2014)
xamined the behavioral and neural correlates of habituation in
orderline patients and observed that those with a borderline
ehavioral Reviews 52 (2015) 153–171 163

personality disorder exhibited smaller increases in insula–
amygdala functional connectivity than healthy subjects and, unlike
healthy subjects, did not show habituation in ratings of the emo-
tional intensity of the stimulus material.

Hence, processing of negative emotions in borderline per-
sonality disorder might be subserved by an abnormal reciprocal
relationship between limbic structures representing the degree
of subjectively experienced negative emotion and anterior brain
regions that support the regulation of emotion (Cullen et al., 2011).
For an overview, see Table 1.

1.9. Eating disorders

Eating disorders are psychological illnesses defined by abnor-
mal  eating habits that may  involve either insufficient or excessive
food intake to the detriment of an individual’s physical and mental
health. The most common eating disorders are anorexia nervosa
and bulimia nervosa. Anorexia nervosa is characterized by a clas-
sic triad of amenorrhea, weight loss, and psychiatric disturbance
(Klein and Walsh, 2003). Bulimia nervosa is often related to pre-
vious anorectic behavior and is characterized by periods of severe
food restriction and gorging. Some eating disorders are classified
as an eating disorder not otherwise specified and may  be associ-
ated with excessive exercise. The precise cause of eating disorders
is not entirely understood, but there is evidence that it may  be
linked to other medical conditions and situations. Cultural ide-
alization of thinness and youthfulness has contributed to eating
disorders affecting diverse populations. Several studies suggested
a relationship with post-traumatic stress disorder, especially due
to a sexually related trauma (Reyes-Rodriguez et al., 2011). Comor-
bidity with other mental disorders is high, especially with impulse
control, mood and anxiety disorders (Hudson et al., 2007).

1.9.1. Emotion processing deficits in eating disorders
Anorexia nervosa has been associated with impairments in

emotion processing (Jansch et al., 2009; Joos et al., 2012) and
with alexithymia (Bydlowski et al., 2005; Jansch et al., 2009;
Kucharska-Pietura et al., 2004; Pollatos et al., 2008). Disordered
eating behavior is often used as a maladaptive strategy to regu-
late emotion (Haynos and Fruzzetti, 2011). These include emotional
avoidance and suppression strategies (Aldao et al., 2010) such as
binge eating, excessive exercise, self-induced vomiting and caloric
restriction. These strategies are positively reinforced as they lead
to a temporary reduction in anxiety and therefore play a role in the
disorder’s maintenance (Fairburn et al., 2003; Harrison et al., 2009;
Schmidt and Treasure, 2006).

A review of emotional processing in people with eating disor-
ders (Oldershaw et al., 2011) concluded that women with anorexia
nervosa have difficulties in their ability to infer emotional states
in others. Attentional biases toward threatening faces have been
reported (Cserjesi et al., 2011; Harrison et al., 2010a; Pollatos et al.,
2008). However, conflicting evidence has been published too. In
bulimia nervosa, some studies do demonstrate emotion percep-
tion difficulties (Harrison et al., 2010a; Pradas et al., 2012) but one
study of women with a diagnostic mix  of bulimia nervosa did not
demonstrate any significant difficulties on the Reading the Mind in
the Eyes test (Baron-Cohen et al., 2001) or on a more complex task
of emotion recognition in films (Kenyon et al., 2012). Kessler et al.,
2006 also did not find any difference between individuals with an
eating disorder (either anorexia nervosa or bulimia nervosa) and
healthy controls. Similarly, in an emotion decoding study, no sig-
nificant differences were found between a currently ill (anorexic)

and healthy participant group (Mendlewicz et al., 2005).

Kanakam et al. (2013) investigated the role of endophenotypes
in emotional processing difficulties related to eating disorders.
Twins with and without eating disorders were given the Reading
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he Mind in the Eyes test, the Emotional Stroop task and the Dif-
culties in Emotion Regulation Scale. Results show that emotion
ecognition difficulties, attentional biases to social threat and diffi-
ulties in emotion regulation were greater in twins with vs. without
ating disorders, and some were present in the unaffected twin sib-
ings. Evidence for a possible genetic basis was highest for emotion
ecognition and attentional biases to social stimuli.

Harrison et al. (2010b) conducted a meta-analysis on self-report
ata regarding anomalies in sensitivity to reward and punish-
ent in eating disorders. The authors found that patients with

norexia nervosa (restricting type) were less sensitive to reward
han healthy controls, whereas patients with bulimia nervosa and
norexia nervosa (binge/purge) type were more sensitive. All eat-
ng disorder groups reported higher sensitivity to punishment than
ealthy controls.

.9.2. fMRI research on emotion processing deficits in eating
isorders

Differences in brain dynamics might contribute to difficul-
ies in the recognition of facially expressed emotions, deficits in
ocial functioning, and in turn the maintenance of eating disor-
ers. Imaging studies have revealed different neural responses in
isual attention networks and somatosensory areas in people with
ating disorders versus controls following high caloric food pic-
ures (Santel et al., 2006) and in the extrastriate body area when
ttending to photographs of one’s own body versus other female
odies (Vocks et al., 2010). Few neuroimaging studies looked at
ow people with eating disorders process emotional expressions
f others. One study showed that people with bulimia nervosa had

 decreased neural response in the precuneus to facial expressions
f both anger and disgust and a decreased neural response to angry
acial expressions in the right amygdala (Ashworth et al., 2011).
owever, a meta-analytical study that included four fMRI stud-

es on people with anorexia and controls found no difference in
ctivation pattern between the two groups in the emotion per-
eption domain, albeit differences were observed when food or
ody-related images were processed (Zhu et al., 2012). For an
verview, see Table 1.

There are important confounding variables in studies of emotion
rocessing in anorexia nervosa which may  explain the conflicting
esults. One difficulty with anorexia nervosa is that it is difficult
o pull apart the effects of underweight and the underlying dis-
ase without comparing the clinical group with control participants
ho also have underweight or with a control group who recov-

red from their eating disorder (Kaye et al., 2009). One study solved
his problem by testing patients with anorexia nervosa who  were
eight recovered (Schulte-Rüther et al., 2012). In that study, a

educed activation in the middle and anterior temporal cortex and
n the medial prefrontal cortex was observed when patients com-
leted a theory-of-mind task. In addition, this hypo-activation of
he medial prefrontal cortex was associated with clinical outcome
t a 1-year follow up. Cowdrey et al. (2012) investigated whether
eople recovered from anorexia showed differential brain activa-
ion when categorizing the sex of fearful and happy faces than a
ontrol group, but did not find support for their prediction There is
ixed evidence that patients with eating disorders process emo-

ions differently and some positive findings might be explainable
y other factors including, weight, depression, anxiety or social

nhibition and isolation.

. Summary of fMRI results
Emotion processing deficits have been reported in many dif-
erent disorders and result in attentional biases and impaired
ecognition of emotional expressions related to problems in
ehavioral Reviews 52 (2015) 153–171

emotion regulation, general adjustment, emotional and social
functioning, and well-being. On the neural level, research has
consistently shown that in anxious and depressed individuals,
the amygdala is over-activated and patients with these disorders
show reduced coupling with the ventromedial prefrontal cor-
tex when processing threatening information. In contrast, people
with autism, schizophrenia and borderline personality disorder
are marked by under recruitment of the amygdala. In schizophre-
nia, a substantial limitation in activation throughout the ventral
temporal-basal ganglia-prefrontal cortex has been observed dur-
ing emotion processing. For an overview of these fMRI results, see
Table 1.

3. Discussion

The aim of this article was to provide evidence for the thesis that
disrupted emotion processing is a broad liability spectrum which
underlies a range of mental disorders and can possibly help to
explain the high comorbidity between mental disorders. We  found
ample evidence for disrupted emotion processing in anxiety dis-
orders, mood disorders, schizophrenia, autism spectrum disorder,
borderline personality disorder, and eating disorders. We  argue
that disrupted emotion processing is a likely liability spectrum
underlying these different mental disorders. The liability spectrum
of disrupted emotion processing can explain why internalizing and
externalizing disorders also show comorbidity. It is consistent with
the view that disorders do not represent discrete disease entities,
and with the view that the nature of psychopathology is intrincially
heterogeneous (Cloninger, 2002; Maj, 2005).

Theoretically, we endorse an evolutionary perspective on emo-
tion processing and its related disorders (e.g., Nesse and Ellsworth,
2009; Nettle and Bateson, 2012; Panksepp, 2010). One possible
approach (among many others) has been called ‘the smoke detec-
tor principle’ (Nesse, 2001, 2005). Advocates of this approach argue
that emotions serve as detectors. Organisms have to gain knowl-
edge about their environment in order to be able to respond in an
appropriate way. The information available is often incomplete or
unclear, so organisms have to make decisions with possibly wrong
outcomes. The possible wrong outcomes of any detection problem
are a false positive and a false negative. It has been hypothesized
that people with mental disorders (especially those anxious and/or
depressed) have a low threshold for detecting information related
to punishment (i.e. a negative outcome) and a high threshold for
detecting information related to reward (i.e. a positive outcome). In
other words, there is a bias away from positive aspects and toward
negative aspects. This is in agreement with the liability spectrum
of disrupted emotion processing.

Evidence for the evolutionary roots of emotions as signal detec-
tors comes from a recent comparative fMRI study (Birn et al.,
2014). Both children with anxiety disorder and young monkeys
(Macaca mulatta) showed reduced functional connectivity between
the amygdala and the dorsolateral prefrontal cortex, an area associ-
ated with the cognitive control of emotions. This study shows that
prefrontal-amygdala dysfunction is associated with an evolution-
ary conserved brain circuit that probably has played an important
role in signal detection in a distant evolutionary past. Future studies
could investigate the role of this conserved brain circuit in relation
to different mental disorders.

3.1. Mechanisms underlying emotion processing deficits across
clinical populations
The focus of the current article lies on fMRI research in dif-
ferent patient groups. However, differences between patients and
controls have also been observed in brain anatomy, genetics and
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ormone levels. We  here first provide a short summary of examples
f this literature and later on integrate this research and highlight
uture directions for research.

.1.1. Anatomical differences between patient groups and healthy
ontrols

Researchers agree that there is no one-to-one mapping between
euronal structures and cognitive functions, and that multiple
euronal systems are capable of producing the same behavioral
esponse. However, functionality does not stand completely sep-
rate from anatomy and it is possible that functional differences
n brain activity between patient groups are in part reflections
f anatomical alterations. For example, Koelkebeck et al. (2013)
nvestigated the association between cerebral gray matter volumes
nd performance on a theory-of-mind task using voxel-based mor-
hometry in patients with schizophrenia and matching healthy
ontrols. The authors observed that performance deficits in patients
n this task were positively correlated with gray matter volume
eductions in the superior temporal sulcus and medial prefrontal
ortex. These findings suggest that volume reductions impact
ehavioral deficits in patients with schizophrenia.

Volumetric changes have also been observed following inter-
entions. For example, Messina et al. (2013) conducted a
eta-analysis to identify neural change in brain networks asso-

iated to emotion regulation after psychotherapy for anxiety and
epression. The authors showed that studies on anxiety and
epression gave partially consistent results for changes in the
orsomedial prefrontal cortex and in the posterior cingulated
yrus/precuneus. Furthermore, the authors suggest that the cluster
f change in the prefrontal cortex may  refer to increased recruit-
ent of control processes, as hypothesized by influential models of

motion regulation changes due to psychotherapy.

.1.2. Genetic predispositions
Epidemiological and genetic studies support the hypothesis that

he commonalities in the neurological underpinnings of emotion
rocessing deficits may  be related to common genetic factors. The
erotonergic system has been widely implicated in stress related
sychiatric disorders such as depression and anxiety (Canli and
esch, 2007). For example, Mekli et al. (2011) observed that the
erotonin-1A receptor conveys vulnerability to these disorders by
odulating threat-related information processing. The tendency

o interpret events negatively has been observed in different clin-
cal populations and is enhanced in those with the serotonin
ransporter (5-HTT-LPR) short allelic variant. For those with the
-HTT-LPR short allele, the addition of early life stress contributed
o an enhanced negativity bias and effects on heart rate and neural
ctivation for unconscious fear (Williams et al., 2009).

In a review article, Ivleva et al. (2008) focus on psychosis, which
s common not only in schizophrenia, but also in other disorders
uch as bipolar disorder. Psychosis strongly aggregates in families
nd twin studies suggest high heritability. Whole-genome linkage
tudies have identified chromosomal loci that influence suscepti-
ility to psychosis, independent of diagnostic categories. Detailed
tudies of linked genomic regions have identified several putative
andidate genes (NRG 1, dysbindin, DISC 1, COMT, G72/G30, BDNF,
GS 4), which appear to be involved in schizophrenia and affective
sychoses.

Understanding the biological effect of risk genes is complex.
ven though several genes have been found to be implicated in
everal disorders or symptoms, it is difficult to determine the

isease mechanism of each risk gene. Interactions between risk
enes and environmental factors add to the complexity of the pic-
ure. Future genetic studies, focusing on the symptom dimensions
cross disorders, are urgently needed and a dimensional approach
ehavioral Reviews 52 (2015) 153–171 165

may  help improve understanding the mechanisms of psychiatric
illnesses.

3.1.3. Effects of hormones and neuropeptides
Some psychiatric disorders have a different prevalence across

males and females. This suggests that deficits in emotion processing
are also related to the sex chromosomes (Harmer et al., 2011).
Changes in emotion processing abilities across the menstrual cycle
and/or in response to ovarian hormone modulation may  inform our
understanding of the differing prevalence of psychiatric disorders
in men  and women. Research suggests that ovarian hormones play
a crucial role in social cognition including emotional processing
(Little et al., 2013). In addition, varying associations between ovar-
ian hormone levels and emotion recognition have been reported,
with progesterone levels being negatively correlated with emotion
recognition accuracy (Derntl et al., 2008) and estradiol being more
specifically associated with anger recognition accuracy (Guapo
et al., 2009). Related studies have focused on the role of proges-
terone in emotion evaluation or attentional bias (Maner and Miller,
2014; Conway et al., 2007). Emotion recognition accuracy is gen-
erally lowest during that phase (Derntl et al., 2008; Guapo et al.,
2009).

To date, models of psychological disorders have tended to side-
step the influence of ovarian hormones in the development and
expression of psychiatric symptoms. Yet it is difficult to ignore
epidemiological data showing dramatically increased risk of psy-
chiatric disorders at stages of the reproductive life-cycle associated
with sudden and dramatic changes in ovarian hormone levels:
adolescence, pregnancy, post-partum and menopause (McEwen,
2002; Carretti et al., 2005). The hormone withdrawal hypothe-
sis of postpartum depression attributes the onset of depressive
symptoms to the rapid postpartum withdrawal of the ovarian
hormones estradiol and progesterone that occurs during the first
five days following childbirth. Indeed, approximately 50–80% of
women experience increased mood symptoms during the postpar-
tum period (Bloch et al., 2005). These findings suggest that periods
associated with changes in ovarian hormone levels, rather than
their absolute circulating levels may  be important in the develop-
ment of psychiatric symptoms. Epidemiological research suggests
that the latter part of the luteal phase is associated with a vari-
ety of psychological and physical premenstrual symptoms in the
majority (up to 75%) of healthy women  sampled from the gen-
eral population (Moran et al., 1998). These symptoms are usually
mild, although a proportion of women (up to 18%) suffer signif-
icant disruption and impairment associated with Premenstrual
Dysphoric Disorder symptoms (Steiner, 1997). Since progesterone
levels rise in the early luteal phase, and then fall precipitously in the
late phase, the latter epoch may  recapitulate the neuroendocrine
changes that have been proposed to contribute to symptoms of
depression and anxiety (Brummelte and Galea, 2010; Bloch et al.,
2000).

A growing body of research has investigated the possible
involvement of cortisol, vasopressin, testosterone and oxytocin
in the pathophysiology of neuropsychiatric disorders that affect
social functioning including emotion processing, such as autism,
schizophrenia, anxiety and depression (i.e. De Winter et al., 2003;
Goldman et al., 2008; Hammock and Young, 2006). A complete
overview of this large literature is beyond the scope of this arti-
cle. However, it is worthwhile mentioning that there are numerous
studies linking oxytocin to the pathophysiology of autism and
suggestions have been made to use intranasal administration of
oxytocin as a potential therapeutic target for this and other disor-

ders (for a review, see Kret and de Dreu, under review). Cochran
et al. (2013) reviewed the literature and conclude that the evi-
dence for the role of oxytocin in a broad range of neuropsychiatric
disorders is accumulating, and that further research is needed to
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etermine the exact nature of its role and to translate these find-
ngs into a better understanding of the underlying pathophysiology
f the disorders and effective treatment strategies targeting the
xytocinergic system.

.2. Future directions

In this section, we briefly outline our suggestions for future
esearch. We  highlight the question of causality, the relationship
etween lab studies and emotion processing in daily life, and the
linical relevance of our findings.

.2.1. Causality
Despite considerable evidence that patients with different dis-

rders have emotion processing deficits that are reflected in certain
isrupted brain activity patterns, controversy often persists over
hat the role of disrupted processing is in our understanding of

hese diseases. Are connectivity problems or hyper-activation of
he amygdala best seen as central, core or primary, or are they one of
umerous downstream features of disrupted system performance?
ttempts to answer this question have been frustrated by the con-
iderable difficulties involved in studying early development in
hese disorders, prior to diagnosis. Subjects are often diagnosed
ong after they developed their symptoms, making causal path-

ays hard to untangle. Adding genetic analyses might solve part
f the puzzle. And as noted earlier, research may  be enhanced by
omparing different clinical groups with different recovered groups
nd when on and off medication on the same tasks. Many of the
eople who were tested in the above studies were taking med-

cation. It is surprising that the majority of studies do not take
his into account, considering the effects of antidepressant medica-
ion on emotion processing in healthy and depressed participants
Harmer et al., 2008, 2009) and people with eating disorders (Jansch
t al., 2009). In addition, other common factors such as physical
tness and environmental factors might be generally different in
linical as compared to control groups. Failure to assess or control
or these factors could confound results when comparing emotion
rocessing between clinical and control groups.

.2.2. Do observations in the lab correspond to emotion
rocessing deficits as observed in real life?

How do emotion processing deficits as observed in a lab-setting
ranslate to deficits during real-world interactions? The majority
f studies on emotion processing are emotion perception studies,
ostly with a facial expression recognition task. Only a handful of

hese studies pulled apart emotion perception and emotion reg-
lation or emotional experience. In real life, patients do not get
onfronted with isolated facial expressions. In real encounters,
hey observe other people in their natural context, including the
hole body context. Very little research has been conducted on

he recognition of alternative emotional signals (for example bodily
xpressions and vocalizations).

In real life, patients are seldom explicitly asked to label emo-
ional expressions of others, yet this is what is most commonly
sked during lab experiments. So the majority of tasks were emo-
ion recognition tests, but still with great variety in the specific task
ettings (the specific emotions, presentation duration of the stim-
lus material etc.), which makes comparing emotion perception
eficits across different disorders difficult. It is therefore recom-
ended that researchers compare the performance of patients
ersus controls (or other patient groups) on different emotional
asks within a single study. In addition, a comparison on a non-
motional control tasks should be made, in order to rule out or
ontrol for general cognitive impairments.
ehavioral Reviews 52 (2015) 153–171

3.2.3. Clinical relevance
Our proposal may  have far reaching implications for the clin-

ical practice. An obvious implication is that clinicians should not
only use the DSM or other systems for diagnoses, but in addition
should look for disrupted emotion processing and alexithymia as
clear indicators of mental problems. They may shift their focus
to emotion processing and the underlying causes of the deficits.
Considering the neural correlates of emotion processing, recently
the new clinical approach of neurofeedback has revealed promis-
ing results (Johnston et al., 2010; Kim and Birbaumer, 2014). For
example, Zotev et al. (2013) found that real-time fMRI neurofeed-
back resulted in stronger connectivity between prefrontal areas and
the left amygdala in healthy participants. In a neurofeedback study
with a group of patients with major depressive disorder, it was
found that they could self-regulate their amygdala activity, which
resulted in a better mood (Young et al., 2014). Positive results with
neurofeedback by using quantitative EEG have been reported in
children and adolescents with anxiety disorders, depressive disor-
ders, comorbid addiction and ADHD (for a review, see Simkin et al.,
2014).

4. Conclusion

Disrupted emotion processing is an important liability spec-
trum which underlies different mental disorders and can help to
explain the high comorbidity between different mental disorders.
Advances in our understanding of the features of responding to
emotions that are shared across versus unique to specific disor-
ders will require more dimensional approaches. Therefore, future
research should attempt to compare the severity and nature of
the abnormalities in emotion processing and their neural basis
across different clinical groups and integrate new findings with
human lesion, genetic and developmental studies. Thus, among the
many future avenues, perhaps the most important one right now is
to integrate the observations acquired with different paradigms,
measurements techniques and clinical samples. To this extent,
the field could benefit from an extensive meta-analysis on emo-
tional processing deficits and subsequent brain activity patterns
that cover different clinical groups. Such a meta-analysis would
not only allow for direct comparisons between patient groups but
will also give more insight into effects of certain environmental
factors, medication and physical health. Finally, investigations of
commonalities and differences in emotion processing across differ-
ent clinical groups can lead to the development of new diagnostic
tools.
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