
Frontiers in Psychiatry | www.frontiersin.or

Edited by:
Leonhard Schilbach,

Ludwig Maximilian University of
Munich, Germany

Reviewed by:
Dana Schneider,

Friedrich Schiller University Jena,
Germany

Paraskevi Mavrogiorgou-Juckel,
Ruhr University Bochum, Germany

*Correspondence:
Myrthe Jansen

m.jansen@fsw.leidenuniv.nl

Specialty section:
This article was submitted to

Social Cognition,
a section of the journal
Frontiers in Psychiatry

Received: 31 May 2019
Accepted: 10 February 2020
Published: 13 March 2020

Citation:
Jansen M, Overgaauw S and
De Bruijn ERA (2020) Social

Cognition and Obsessive-Compulsive
Disorder: A Review of Subdomains

of Social Functioning.
Front. Psychiatry 11:118.

doi: 10.3389/fpsyt.2020.00118

REVIEW
published: 13 March 2020

doi: 10.3389/fpsyt.2020.00118
Social Cognition and Obsessive-
Compulsive Disorder: A Review of
Subdomains of Social Functioning
Myrthe Jansen1,2*, Sandy Overgaauw1,2 and Ellen R. A. De Bruijn1,2

1 Department of Clinical Psychology, Institute of Psychology, Leiden University, Leiden, Netherlands, 2 Leiden Institute for
Brain and Cognition (LIBC), Leiden University, Leiden, Netherlands

Disturbances in social cognitive processes such as the ability to infer others' mental states
importantly contribute to social and functional impairments in psychiatric disorders. Yet,
despite established social, emotional, and cognitive problems, the role of social cognition
in obsessive-compulsive disorder is largely overlooked. The current review provides a first
comprehensive overview of social (neuro)cognitive disturbances in adult patients with
obsessive-compulsive disorder. Results of our review indicate various social cognitive
alterations. Patients with obsessive-compulsive disorder show deficits in the recognition
of affective social cues, specifically facial expressions of disgust, and more general deficits
in theory of mind/mentalizing. Additionally, patients show heightened affective reactions
and altered neural responding to emotions of self and others, as well as poor emotion
regulation skills, which may contribute to poor social functioning of patients. However, the
discrepancies in findings and scarcity of studies make it difficult to draw firm conclusions
with regard to the specificity of social cognitive disturbances. The review offers directions
for future research and highlights the need to investigate obsessive-compulsive disorder
from an interactive social neurocognitive perspective in addition to the prevalent passive
spectator perspective to advance our understanding of this intricate and
burdensome disorder.

Keywords: social cognition, obsessive-compulsive disorder, social cue perception, facial emotion recognition,
mentalizing / theory of mind, empathy, emotion experience, emotion regulation
INTRODUCTION

Essentially, almost all psychiatric disorders are characterized by disturbances in the ability to have
successful and meaningful interactions with others. As such, a novel suggestion has been to
reconstruct the social difficulties observed in psychiatric disorders as disorders of social cognition
(1). Social cognition is a broad term that includes a wide variety of interrelated cognitive processes
that enable successful and adaptive behavior in a social context [e.g., (2, 3)]. It includes, among other
things, the ability to recognize social cues such as facial emotions, the ability to understand others'
mental states [known as theory of mind (ToM) or mentalizing], the ability to share the experiences
and emotions of others, as well as the capacity to regulate one's emotional responses to others (4).
Disturbances in these social cognitive abilities are important predictors of social and functional
impairments in psychiatric disorders [e.g., (5)].
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Obsessive-compulsive disorder (OCD) is a burdensome
psychiatric illness with a lifetime prevalence of 1%–3% (6). The
disorder is characterized by the presence of unwanted, persistent
obsessions that cause significant anxiety or distress, often in
combination with compulsions, which are repetitive ritualistic
behaviors or mental acts carried out in response to obsessions to
ease distress or anxiety (7). Obsessions can range from a fear of
contamination to the experience of intrusive violent or sexually
explicit thoughts or images, while compulsions may include
repeated checking, washing, cleaning, and counting (7). These
symptoms carry a great emotional and social burden on patients
as well as their relatives. Indeed, quality of life is significantly
impaired in OCD patients, with social and emotional functioning
being among the most greatly affected quality of life domains (8).
Scores on psychosocial functioning are also lower compared to
most other psychiatric disorders, and similar to schizophrenia,
which is considered one of the most severe psychiatric disorders
in terms of social impairments (9). Moreover, higher symptom
severity has been found to be associated with poorer social
adjustment (10). The extent to which these self-reported social
impairments of patients with OCD simply result as a
consequence of the invalidating nature of the disorder, e.g.,
when a patient is not able to establish or maintain meaningful
relations with others because their compulsions take up too
much time, or whether factors more directly related to their
symptomatology such as social-cognitive problems may play a
role as well, is currently unknown.

Despite these acknowledged social difficulties in OCD,
research up to date has been largely limited to nonsocial
cognition. This research has demonstrated that patients with
OCD are characterized by meta-cognitive biases such as (moral)
thought-action fusion, which is the belief that having unwanted
and intrusive thoughts is (morally) equivalent to acting on these
thoughts [see, e.g., (11)]. Furthermore, neuropsychological
research has described that patients show cognitive deficits in a
wide range of domains, including response inhibition,
interference control, cognitive flexibility, and executive
functioning, although findings are somewhat inconsistent [for
a recent review, see (12)]. More consistently, increased
performance or error monitoring has been demonstrated in
OCD [for a recent review see (13)]. Given that cognitive
abilities are thought to be integral aspects of social cognitive
skills such as mentalizing [e.g., (14)], impairments in these
abilities may also have important implications for the social
cognitive functioning of patients.

Neuroimaging studies in patients with OCD suggest that
dysfunctions in cortical-striatal-thalamic-cortical circuitry
underlie aforementioned cognitive deficits [e.g., (15)]. More
recent work specifically implicates the lateral and medial
orbitofrontal cortices, (dorsal) anterior cingulate cortex (ACC),
and amygdala-cortical circuitry in the psychopathology of the
disorder (16, 17). The insular cortex, a brain area involved in,
among other things, the processing of disgust (18), is also
implicated in the disorder. Hyperactivity of this region is
commonly reported during symptom provocation, especially in
those with contamination-related obsessions (19–21). The
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performance monitoring account of OCD also proposes a
central role for both the ACC and the insular cortex. This
account suggests that these brain areas are involved in
producing persistent high error or conflict signals which patients
are unable to reduce by behavioral action, resulting in repeated
actions (i.e., compulsions) in an attempt to temper such signals
(22). This theory is supported by findings of enhanced amplitudes
of an event-related potential (ERP) component related to error
detection called the error-related negativity [ERN; (23, 24)] in
patients with OCD [see (13)]. This component is thought to be
generated in the ACC (25), thus highlighting the importance of
this area in the psychopathology of the disorder.

Importantly, many of the brain areas known to be implicated
in the psychopathology of OCD, such as the amygdala, ACC, and
insula, are also areas known to be involved in social cognitive
processes and are considered to be part of the social brain in
general (26–29). ToM abilities for example, have been shown to
involve a network of brain regions also implicated in OCD
including the amygdala, ACC, as well as other prefrontal
regions (29). The amygdala and insula are both implicated in
the perception of facial expressions of emotions as well (28).
Furthermore, social influences have been shown to importantly
modulate electrophysiological measures and brain regions
involved in cognitive processes such as performance
monitoring [for a review see (30)]. Yet, while research shows
that many cognitive functions and brain areas involved in social
behavior and cognition are affected in patients with OCD,
research has largely overlooked the implications of these
anomalies for social cognitive functioning and associated
symptomatology in this disorder.

Identifying social cognitive disturbances has great functional
relevance, as this may advance our understanding of altered
social functioning of patients with OCD and lead to an improved
characterization of the phenotype of this disorder. It may also
have important therapeutic implications, as recent studies are
increasingly starting to recognize the potential of social cognition
as a target for clinical intervention [see, e.g., (31–33)]. A previous
meta-analysis focusing on various anxiety disorders showed
social cognitive deficits with small to moderate effect sizes for
patients with OCD (34). This however concerned an exclusively
quantitative analysis covering a limited number of studies
(N=14, of which 12 concerned facial emotion recognition). As
a result, to this date, social cognition in OCD is still poorly
understood. The current review therefore aims to advance our
understanding of social cognition in this disorder by qualitatively
reviewing existing studies on this topic. As there are many
different perspectives on what processes or domains can be
considered as social cognition, we decided to adopt the
framework used by Green et al. (4) in their widely cited review
paper on social cognition in schizophrenia. The authors of this
paper divided subdomains of social cognition according to
“recent organizational models of neural systems in social
neuroscience” (4 p. 620). We will therefore focus on these
same domains: “social cue perception,” “mentalizing/ToM,”
“experience sharing and empathy,” and “emotion experience
and regulation.”
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SOCIAL CUE PERCEPTION

The way people act, move, speak, gesture, and express their
emotions conveys important social information. How we
perceive, identify or interpret these social cues expressed by
other people essentially determines how we interact with others.
The following section will focus on how patients with OCD
perceive affective (Affective Social Cues) as well as nonaffective
social cues (Nonaffective Social Cues). Table 1 contains an
overview of the studies discussed in this section.

Affective Social Cues
Studies on how patients with OCD process affective social cues
have mainly focused on our ability to identify the affective states
of others from facial cues, which is generally referred to as facial
emotion recognition. Other cues, such as emotion expressed in
voice or body language, have received less attention. The current
section will discuss research on the recognition of facial emotions
(Facial Emotion Recognition) in adult patients (Facial Emotion
Recognition in Patients With OCD), studies on the role of
symptom severity (The Role of Symptom Severity in Facial
Emotion Recognition), and subtype (The Role of Symptom
Subtype in Facial Emotion Recognition), facial emotion
perception biases (Biases in Facial Emotion Recognition) as
well as on how adults with OCD process facial emotions on a
neural level (Neural Correlates of Facial Emotion Processing).
Only one study investigating nonfacial affective cues was
ident ified, which wi l l be discussed in the sect ion
Affective Prosody.

Facial Emotion Recognition
Studies assessing facial emotion recognition have typically
assessed the recognition of what are believed to be the six basic
emotions, i.e., anger, fear, sadness, disgust, happiness, and
surprise. Most emotion recognition studies in patients with
OCD originated from an interest in the emotional expression
of disgust. Many patients are characterized by a fear of
contamination, which is associated with behavioral
compulsions such as washing and cleaning. Because facial
expressions of disgust convey potential contamination, this
emotional expression is thought to be particularly relevant to
the symptomatology of OCD (56). The expression of fear seems
relevant to OCD as well, since patients with OCD are
characterized by high levels of anxiety, and previous studies
have among others demonstrated that anxious individuals show
increased attentional bias to fear- or threat-related stimuli [see
(57)] including facial expressions of fear [e.g., (58)].

Facial Emotion Recognition in Patients With OCD
The first investigation of facial emotion recognition in patients
with OCD was conducted by Sprengelmeyer and colleagues (50),
over 20 years ago. Despite their small sample (12 patients), this
study reported striking deficits in the recognition of the facial
expression of disgust in two tests: an emotional hexagon and
static test. Both tests asked patients to label the facial emotional
expressions portrayed, but while one test focused on static
expressions (e.g., 100% disgust), the other test using emotional
Frontiers in Psychiatry | www.frontiersin.org 3
hexagons, in which distinct emotional expressions were
morphed (e.g., 70% disgust and 30% anger). Patients with
OCD showed specific deficits in the recognition of disgust
compared to healthy controls. The emotional hexagon test also
indicated a marginal deficit in the recognition of anger in the
patient group but not for any other emotional expressions.
Parker, McNally, Nakayama, and Wilhelm (48) attempted to
replicate the findings by Sprengelmeyer et al. (50) using the same
tasks in a marginally larger sample (15 patients), yet failed to find
any facial emotion recognition deficits in patients. In contrast, a
later study in 40 patients conducted by Corcoran, Woody and
Tolin (40) followed a similar procedure as the two
aforementioned studies and found that overall, patients
showed a specific deficit in the recognition of static expressions
of disgust, but not in any other emotion.

Other studies investigated the identification of static (37, 47)
or morphed emotional facial expressions (36, 42, 43) using
similar tasks, yet did not reveal any significant differences
between patients and healthy controls. Lawrence et al. (44)
specifically investigated fear and disgust recognition, but did
not observe differences in accuracy between patients and
controls, despite observing differences in neural responsiveness
to facial expressions of disgust (see below in Neural Correlates of
Facial Emotion Processing). Cardoner et al. (39) and Via et al.
(52) both used an active matching task in which happy and
fearful target faces had to be matched with happy, fearful or
angry probe faces. Although Cardoner et al. found a main group
effect, showing that patients suffering from OCD were less
accurate in matching both emotional faces as well as
nonemotional shapes, a similar study by Via et al. found no
behavioral differences between groups, in the presence of neural
differences (see below in Neural Correlates of Facial
Emotion Processing).

Two studies specifically investigated the effect of treatment on
facial emotion recognition, which suggest that medication or
therapy may improve or remediate disgust recognition. Lochner
et al. (45) administered a single dose of the selective serotonin
reuptake inhibitor (SSRI) escitalopram to OCD patients, which is
an antidepressant considered as a first-line option in the
treatment of OCD (59). Compared to controls, patients
showed no significant deficits in the recognition of disgust in
the placebo condition, although patients were significantly more
accurate after a single administration of escitalopram, especially
when they were already receiving SSRI treatment. Rector, Daros,
Bradbury, and Richter (49) compared patients receiving
cognitive-behavioral therapy (CBT) with patients not receiving
CBT. Results showed that patients not receiving CBT showed
significant disgust recognition deficits, whereas patients receiving
therapy showed disgust recognition scores comparable to a
normative sample and also showed significantly higher
accuracy of anger compared to the untreated patient group.

In an attempt to clarify inconsistencies between studies, Daros,
Zakzanis, and Rector (41) conducted a meta-analytic review on
facial emotion recognition including ten studies in adolescent (60)
and adult OCD patients (36, 37, 40, 42, 45, 48–50, 61) (not
discussed in the current review as the article was not available in
March 2020 | Volume 11 | Article 118
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TABLE 1 | Overview of studies investigating the perception of social cues in obsessive-compulsive disorder.

s/

nt

Main results

OCD patients less accurate in identifying sad faces
on the PEAT, but only of females (p=0.034). They
also showed a bias to recognize neutral as sad
(p=0.029), happy faces as neutral (p=0.022) and
happy as sad (p=0.024).

Y-
Compulsion subscale correlated significantly with
sadness recognition (p=0.006). Total Y-BOCS
scores correlated significantly with fear recognition
(p=0.042). Associations did not survive Bonferroni
correction.

No differences between OCD and HC.

Compared to HC, OCD patients exhibited
attenuated activation in both left (p=0.008) and
right amygdala (p=0.023) when contrasting all
facial expressions with fixations.

OCD patients were less accurate in matching both
emotional faces as well as nonemotional shapes
compared to HC (p=0.04). OCD patients showed
significantly enhanced activation of visual striate
areas, right fusiform gyrus, left posterior thalamus,
right amygdala and parahippocampal cortex as
well as dorsolateral prefrontal and right premotor
cortex when comparing trials with emotional faces
versus nonemotional shapes (p < 0.005, whole–
brain uncorrected).
OCD patients were significantly less accurate than
HC in recognizing disgust (p < 0.01). Within the
OCD group, 27 individuals were unimpaired in
disgust recognition (MHR = 22.6, SD = 1.7), while
13 individuals were impaired (MHR = 12.9, SD =
3.4). Patients with impairments scored significantly
higher on the Y-BOCS and lower on the GAF.
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Domain Author Method Participants Comorbid
diagnoses?

Concurrent
medication/
therapy?

Task
description

Subdomain Emotions
assessed

Diagnos
symptom

assessm

Affective cues

Aigner et al.
(35)

Case-control
Outpatients

OCD = 40
[34.8 ± 10.4,
24M:16F]; HC
= 40 [34.7 ±
8.7, 24M:16F]

None. All patients were
treated with SSRIs.
Therapy not reported.

Static tasks
(EMODIFF
(differentiate
emotions) and
PEAT (rate
valence from
very sad –

very happy)

Facial
emotion
recognition

Happiness,
sadness,
neutral

DSM-IV,
SCID/Y-
BOCS

Bozikas et al.
(36)

Case-control
Outpatients

OCD = 25
[32.7 ± 9.0,

10M:15F]; HC
= 25 [33.4 ±
7.3, 14M:11F]

Depression (n=4),
PD (n=2).

Antidepressants
without (n=11) and
with (n=5) atypical
antipsychotics,
antipsychotics only
(n=1). All patients
were receiving CBT.

KAMT; Static
matching task

Facial
emotion
recognition
+ affective
prosody

Happiness,
surprise,
sadness,
anger, fear,
disgust

DSM-IV,
MINI (4.4)/
BOCS

Buhlmann et al.
(37)

Case-control
Outpatients

OCD = 20
[31.0 ± 10.5,
8M:12F]; HC =
20 [32.9 ±

11.7, 7M:13F]

Not reported. Not reported. Static labelling
task

Facial
emotion
recognition

Happiness,
surprise,
sadness,
anger, fear,
disgust,
neutral

SCID

Cannistraro
et al. (38)

Case-control
fMRI

OCD = 10
[26.8 ± 5.2,
4M:6F]; HC =
10 [24.9 ± 7.8,

4M:6F]

One subject with
comorbid GAD
and BDD.

Sertraline (n=1). Passive
viewing task

Facial
emotion
recognition

Happiness,
fear, neutral

SCID/Y-
BOCS

Cardoner et al.
(39)

Case-control
Outpatients
fMRI

OCD = 21
[28.52 ± 5.9,
10M: 11F]; HC
= 21 [26.2 ±
3.4, 10M: 11F]

Depression and
ADs (n=7), MDD
(n=2), GAD (n=2),
SAD (n=2), PD
(n=1).

Fluoxetine (n=4),
fluvoxamine (n=2),
citalopram (n=1),
clomipramine (n=2),
clomipramine with
SSRI (n=11). Therapy
not reported.

Emotional
Face
Matching
Task: static
matching task

Facial
emotion
recognition

Happiness,
fear (and
anger)

DSM-IV/Y
BOCS

Corcoran et al.
(40)

Case-control OCD = 40; HC
= 36. Overall
mean age was
34.0 years ±

11.1), no group
differences in
age or gender
(63% women).

Comorbidities:
MDD (32.5%), AD
(13.9%).

Not reported. Hexagon
labelling task

Facial
emotion
recognition

Sadness,
anger, fear,
disgust

ADIS-IV
or SCID/Y
BOCS
i

e

-
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TABLE 1 | Continued
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Main results

r Overall emotion recognition accuracy was lower in
patients compared to controls (d=−0.55; N=11;
95% CI= −0.92 to −0.19,p=0.03) with larger
effects for static (d=−0.77, N=7, 95% CI= −1.23 to
−0.32, p=0.01) compared to morphed expressions
(d=−0.14, N=4, 95% CI=−0.51 to 0.24, p=0.48).
Recognition of overall negative emotions was also
impaired l (d=−0.34, N=11, 95% CI=−0.56 to
−0.11, p < 0.01), as were disgust (d=−0.59, N=11,
95% CI= −1.06 to −0.11, p=0.02), anger (d=
−0.36, N=10, 95% CI=−0.67 to −0.05, p=0.02)
and sadness (d=−0.31, N=10, 95% CI=−0.062 to
0.00, p=0.05) separately.
After adjusting for age, sex and depression,
patients were significantly more likely to perceive
ambiguous emotions as disgust (p=0.005) and
less likely to perceive them as anger (p=0.008).
Higher cleaning scores predicted lower perception
of anger (p=0.01) and greater perception of
disgust in ambiguous expressions before
(p=0.003) and after controlling for covariates
(p=0.005). Hoarding predicted poorer recognition
of nonambiguous disgust before (p=0.049) but not
after controlling for covariates (p=0.08).
No significant differences between patients and
HC for accuracy nor intensity.

No behavioral differences between OCD patients
and HC nor between high- or low washing
patients. Compared to HC, OCD patients showed
enhanced activation in the left ventrolateral
prefrontal cortex and reduced activation in the
thalamus when contrasting facial expressions of
disgust with neutral expressions (ps < 0.05). This
pattern was especially pronounced for patients
with more washing symptoms.
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Domain Author Method Participants Comorbid
diagnoses?

Concurrent
medication/
therapy?

Task
description

Subdomain Emotions
assessed

Diagnosi
symptom

assessme

Affective cues

Daros et al.
(41)

Meta-
analysis
Case-control

OCD = 221
[30.4 ± 7.6,
102M:119F];

HC = 224 [30.9
± 8.8, 102M:

122F]

Not reported in all
studies included
in the meta-
analysis.
Approximately
30% has at least
one comorbid AD
and
approximately
13% had
comorbid MDD.

Not reported in all
studies included in the
meta-analysis. Based
on information from 3
studies, approximately
59% taking
psychotropic
medication, most
commonly
antidepressants.

Only studies
using labelling
tests were
included.
Studies using
blended
emotions
were included
only if they
included
stimuli at
100%
intensity.

Facial
emotion
recognition

Happiness,
surprise,
sadness,
anger, fear,
disgust,
neutral

DSM-III-R
DSM-IV
diagnosed

Jhung et al.
(42)

Case-control
Outpatients

OCD = 41
[24.9 ± 5.3,

32M: 9F]; HC =
37 [26.0 ± 6.0,

28M: 9F]

Comorbid
diagnoses were
allowed but no
specifics are
provided.

Not reported. Hexagon
labelling task
(incl.
ambiguous
faces)

Facial
emotion
recognition

Sadness,
anger, fear,
disgust

SCID/Y-
BOCS

Kornreich et al.
(43)

Case-control
Outpatients

OC = 22 [37.3
± 8.0, M/F =9/
13]; NC = 22
[37.2 ± 9.0, M/

F = 9/13]

Not reported. All OCD patients were
being treated with
SSRIs. Therapy not
reported.

Labelling task
with morphed
expressions
(30 or 70%
neutral)

Facial
emotion
recognition

Happiness,
surprise,
sadness,
anger, fear,
disgust,
shame,
contempt

DSM-IV/Y-
BOCS

Lawrence et al.
(44)

Case-control
7 inpatients,
10
outpatients
fMRI

OCD = 17
[34.9 ± 8.2,

10M: 7F]; HC =
19 [34.0 ± 9.4,

11M: 8F]

MDD (n=1
present, n=3
past), DD (n= 4),
SP (n=1), PD
(n=1), PDA (n=1),
PTSS (n=1), BDD
(n=1). Personality
disorders:
avoidant (n=5),
obsessive-
compulsive (n=3),
depressive (n=1),
paranoid (n=1),

Citalopram (n=2),
clomipramine (n=1),
fluoxetine (n=3),
fluvoxamine (n= 1),
paroxetine (n= 4),
venlafaxine (n=1),
zopiclone (n=1) and
buspirone (n=1).
Therapy not reported.

Static labelling
task
(behavior) +
backward
masking
paradigm
(fMRI)

Facial
emotion
recognition

Fear,
disgust,
neutral

SCID/Y-
BOCS
s

o
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TABLE 1 | Continued
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Main results

OCD severity was marginally associated with
decreased disgust recognition after adjusting for
Y-BOCS and MADRS (p=0.06). On placebo,
accuracy was similar across groups. OCD patients
on SSRIs showed significantly increased disgust
recognition after escitalopram challenge compared
to when they were on placebo and compared to
the other two groups.

No significant difference between patients and HC
in emotion recognition (p > 0.5).

Patients from HRAC group needed less emotional
intensity than HC to recognize facial expression of
fear (p < 0.02) and happiness (p < 0.04) correctly.

For disgust recognition, there was no significant
difference between OCD patients and HC,
although one OCD subject showed markedly poor
disgust recognition.

Untreated OCD group performed significantly
worse on disgust recognition than the PDA (p <
0.05), GSP (p < 0.01) and OCD group treated with
CBT (p < 0.05). OCD group treated with CBT
recognized anger significantly better than

(Continued)

Jansen
et

al.
S
ocialC

ognition
and

O
bsessive-C

om
pulsive

D
isorder

Frontiers
in

P
sychiatry

|
w
w
w
.frontiersin.org

M
arch

2020
|
Volum

e
11

|
A
rticle

118
6

Domain Author Method Participants Comorbid
diagnoses?

Concurrent
medication/
therapy?

Task
description

Subdomain Emotions
assessed

Diagnosi
symptom

assessme

Affective cues

and borderline
(n=1).

Lochner et al.
(45)

Randomized
double-blind
case-
controlled
crossover
study

OCD = 20;
[34.1 ± 11.0,
11M: 9F];
subgroups:

OCD with SSRI
treatment

(n =11); OCD
without SSRI
treatment

(n=9); HC = 20
[34.8 ± 10.8,
9M: 11F]

Specific phobia
(n = 2).

Sertraline (n=3),
fluoxetine (n=5),
escitalopram (n=1),
citalopram (n=1) and
paroxetine (n=1).
Therapy not reported.

Labelling task
with morphing
video clips
modified from
Montagne
et al. (46)

Facial
emotion
recognition

Happiness,
sadness,
anger, fear,
disgust

MINI-plus,
ICD-10/Y-
BOCS

Mavrogiorgou
et al. (47)

Case-control
Outpatients

OCD = 20
[38.1 ± 10.6,

12M: 8F]; HC =
20 [38.2 ±

13.0, 12M: 8F]

Comorbid MDD
and ADs not
considered as
exclusion criteria.

SSRIs (n=18), St.
John's wort (n=1),
SSRIs + antipsychotic
drugs (n=13). CBT
treatment were not
considered as
exclusion criteria.

Static labelling
task.

Facial
emotion
recognition

Happiness,
surprise,
sadness,
anger, fear,
disgust

ICD-10,
DSM-IV
criteria/Y-
BOCS

Montagne et al.
(46)

Case-control OCD = 21 (9M:
12F;

Subgroups:
HRAC [n=13;
36.6 ± 11.3,

5M:8F], CC [n=
5; 41.6 ± 9.1,
3M:2F] and PS
[n=3; 24.3 ±
4.5, 1M:2F];
HC = 47 [40.6

± 12.3,
24M:23F]

Not reported. All patients were
medication-free for at
least 4 weeks prior to
testing. Therapy not
reported.

Labelling task
with morphing
video clips

Facial
emotion
recognition

Happiness,
surprise,
sadness,
fear,
disgust

MINI for
DSM-IV/Y-
BOCS

Parker et al.
(48)

Case-control
Outpatients

OCD = 15
[37.7 ± 10.2,
7M:8F]; HC =
15 [31.3 ±

12.2, 3M: 12F]

Not reported. Most were receiving
behavioral and/or
psychopharmacologic
treatment.

Hexagon
labelling task

Facial
emotion
recognition

Happiness,
surprise,
sadness,
anger, fear,
disgust

DSM-IV
criteria/Y-
BOCS

Rector et al.
(49)

Case-
controlled
cross-
sectional
study

OCD without
CBT treatment
= 20; PDA =
15; GSP= 10;

OCD +

Exclusion criteria
included
concurrent
diagnosis of a
mood disorder,

Patients were on
stable medication (no
change in medication
type or dose during 8
weeks prior to

Static labelling
task

Facial
emotion
recognition

Happiness,
surprise,
sadness,
anger, fear,
disgust

SCID/Y-
BOCS
s
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motions
sessed

Diagnosis/
symptom

assessment

Main results

untreated OCD (p < 0.05) and PDA group (p <
0.05).

ppiness,
rprise,
dness,
ger, fear,
gust

DSM-III-R OCD group significantly less accurate in
recognizing disgust in the emotional hexagon task
than HC (p < 0.001) and somewhat less accurate
in recognizing anger (0.01 > p < 0.05). Recognition
of static expressions of disgust was also
significantly impaired in the OCD group (p < 0.01).

ppiness,
rprise,
dness,
ger, fear,
gust,
utral

MINI500/Y-
BOCS

BDD group were less accurate overall compared
to the OCD and HC groups (comparison OCD and
HC not mentioned). Severe OCD was associated
with poorer emotion recognition.

ppiness,
r (and
ger)

SCID/DY-
BOCS

No behavioral differences between patients and
HC in matching of emotional faces. Compared to
HC, patients exhibited enhanced activation in
bilateral amygdala, and secondary visual cortex
extended to intraparietal sulcus, right anterior
insula cortex, premotor cortex, right orbitofrontal
cortex and right middle temporal gyrus (ps < 0.05)
when matching fearful faces compared to
matching shapes. Only left amygdala survived
whole brain level correction.

(Continued)
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Domain Author Method Participants Comorbid
diagnoses?

Concurrent
medication/
therapy?

Task
description

Subdomain E
a

Affective cues

Tertiary care
clinic

treatment
responders to
CBT = 11.
Overall age

was 33.6 ± 8.5
years), 55%
women.

Characteristics
per group not
reported.

SSDs, PDA or
GSP.

testing). No specifics
reported. Exclusion
criteria included past
treatment with CBT.

Sprengelmeyer
et al. (50)

Case-control OCD = 12
[34.8 ± 10.1,
5M:7F]; HC
(task 2) = 40
[42.9 ± 14.3,
19M:21F]

Not reported. Not reported. Both a
hexagon and
a static
labelling task

Facial
emotion
recognition

Ha
su
sa
an
dis

Toh et al. (51) Case-control
Outpatients

OCD = 19
[37.0 ± 10.4,
5M: 14F]; BDD
= 21 [34.3 ±

11.9, 5M: 16F];
HC = 21 [35.7
± 10.6, 8M:

13F]

SAD (n=2), MDD
(n=6).

SSRIs (n=10), SNRIs
(n=3), TCAs (n = 1),
with some receiving
atypical antipsychotic
augmentation (n = 4).
Therapy not reported.

Static labelling
task.

Facial
emotion
recognition

Ha
su
sa
an
dis
ne

Via et al. (52) Case-control
fMRI

OCD = 67
[33.1 ± 8.5,

38M:29F]; HC
= 67 [32.8 ±

10.2, 38M:29F]

MDD (n=4), DD
(n=2), GAD (n=3),
PD (n=4), SP
(n=3).

Citalopram (n=2),
clomipramine (n=29),
clomipramine + SSRI
(n=9), escitalopram
(n=7), fluoxetine (n=7),
fluoxetine + SSRI
(n=1), fluvoxamine
(n=4), fluvaoxamine +
SSRI (n=3),phenelzine
(n=1), sertraline (n=1),
sertraline + SSRI
(n=1), adjunct
antipsychotica (n=12)

Modified
Emotional
Face
Matching
Task (static
matching
task)

Facial
emotion
recognition

Ha
fea
an
s
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ion
Subdomain Emotions

assessed
Diagnosis/
symptom

assessment

Main results

and

Biological
motion
perception

Not
applicable.

SCID for
DSM-II/Y-
BOCS

Compared to HC, patients exhibited increased
activation in the right superior and middle temporal
gyrus, the left inferior temporal and fusiform gyrus,
and reduced activation in the right postcentral
gyrus (p < 0.001, uncorrected).

and
tion

Biological
motion
perception

Not
applicable.

DSM-IV
criteria/Y-
BOCS

Patients found it more difficult to detect biological
motion within noise dots (p=0.003) and to
discriminate biological motion from scrambled
motion (p=0.034), whereas their ability to perceive
nonbiological global motion and static global form
was comparable to HC.

tion

Recognition
of faces and
bodies

Not
applicable.

SCID/ Compared to HC, patients were less accurate in
discriminating human bodily postures (p < 0.001),
but not in discriminating faces or chairs.

motion Intensity Differentiation Test; PEAT, Penn’s Emotion Acuity Test; DSM, Diagnostic and Statistical Manual
cale; OAD, other anxiety disorders; AD, anxiety disorder; ODD, oppositional defiant disorder; SCL-90, Symptom
hyperactivity disorder; TCA, tricyclic antidepressants; KSADS-PL, Kiddie Schedule for Affective Disorders and
est; MINI, Mini International Neuropsychiatric Interview; SAD, Social anxiety disorder; ADIS-IV, Anxiety Disorders
entory revised; MHR, mean hit rate; DD, dysthymic disorder; PDA, panic disorder with agoraphobia; SSDs,
tatistical Classification of Diseases; MADRS, Montgomery–Asberg Depression Rating Scale; HRAC, High Risk
hobia; GTS, Gilles de la Tourette’s syndrome; OBS, obsessive-compulsive symptoms; SNRIs, serotonin–
second-generation antipsychotic; MOCI, Maudsley Obsessive Compulsive Scale; HDRS, Hamilton Depression
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Domain Author Method Participants Comorbid
diagnoses?

Concurrent
medication/
therapy?

Task
descrip

Nonaffective cues

Jung et al. (53) Case-control
fMRI

OCD = 15
[23.4 ± 4.7,

12M:3F]; HC =
15 [25.67 ±
3.46, 9M:6F]

Comorbid axis I
diagnoses were
considered
exclusion criteria.

Monoamine oxidase
inhibitors (n=2), SSRI
+ antianxiety (n=3),
SSRI + antianxiety +
anti-psychotics (n=3).
Therapy not reported.

One-back
task with
biological
scramble
motion

Kim et al. (54) Case-control
Outpatients

OCD = 20
[24.3 ± 6.2,

12M:8F]; HC =
16 [23.2 ± 5.8,

11M:5F]

Not reported. Sertraline (n=4),
citalopram (n=6),
fluoxetine (n=5),
fluvoxamine (n=2),
risperidone (n=5),
olanzapine (n=1),
clonazepam (n=14),
valproic acid (n=1),
and lamotrigine (n=1).
Therapy not reported.

Biologica
motion
detection
discrimina
tasks

Shin et al. (55) Case-control
Outpatients

OCD = 54
[25.0 ± 6.5,
32M:22F];

HC = 42 [23.4
± 4.6,

32M:10F]

Comorbid axis I
diagnoses were
considered
exclusion criteria.

Medication-naïve
(n=24), medication-
free for 4 weeks
(n=30). Therapy not
reported.

Body and
face
discrimina
task

OCD, obsessive-compulsive disorder; HC, healthy controls; SSRIs, selective serotonin reuptake inhibitors; EMODIFF, The Facial
of Mental Disorders; SCID, Structured Clinical Interview for DSM Axis I Disorders; Y-BOCS, Yale–Brown Obsessive-Compulsive S
Checklist-90; PD, panic disorder; GAD, generalized anxiety disorder; MDD, major depression disorder; ADHD, attention-defici
Schizophrenia; YGTSS, the Yale Global Tic Severity Scale; CBT, cognitive-behavioral therapy; KAMT, Kinney’s Affect Matching T
Interview Schedule for DSM-IV; GAF, Global Assessment of Functioning; OR, Odds ratio; OCI-R, obsessive-compulsive inv
Schizophrenia spectrum disorders; PTSS, posttraumatic stress disorder; BDD, body dysmorphic disorder; ICD, International S
Assessment and Checking; CC, contamination and cleaning; PS, Perfectionism and Symmetry; GSP, generalized social
norepinephrine reuptake inhibitors; SP, social phobia; DY-BOCS, Dimensional Yale-Brown Obsessive-Compulsive Scale; SGA,
Rating Scale.
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English)]. Based on a combined sample of 221 patients and 223
controls, the review concluded that OCD patients were
significantly less accurate in identifying the six basic emotions
overall compared with controls, showing a medium effect size
(Cohen's d = −0.55), with larger effects for static (Cohen's d =
−0.77) compared to morphed emotional expressions (Cohen's d =
−0.14). OCD patients were also impaired in the recognition of
negative emotions as a whole (Cohen's d = −0.34) and had
particularly difficulties with the recognition of disgust (Cohen's
d = −0.59) and anger (Cohen's d = −0.36). A marginally significant
deficit in the recognition of sadness was also found (Cohen's d =
−0.31), while fear recognition was not significantly impaired
(Cohen's d = −0.09). Thus, based on these ten patients studies,
OCD is associated with pronounced impairments in the
recognition of facial expressions of disgust, while modest
impairments in the recognition of other negative emotions,
specifically anger and sadness, but not fear, are also observed.

The Role of Symptom Severity in Facial Emotion
Recognition
Several studies additionally report on the relation between facial
emotion recognition and symptom severity of patients. Although
obtaining no significant emotion recognition deficits, Parker
et al. (48) did show that the patient with the most severe
symptoms as measured by the Yale-Brown Obsessive-
Compuls ive Scale [Y-BOCS; (62)] showed marked
impairments in the recognition of disgust, and suggested that
such impairments might only arise for severe cases. In the study
by Corcoran et al. (40), most of the patients were as accurate in
recognizing disgust as healthy controls. However, approximately
one-third of the patient group showed marked impairments,
which led to a significant overall difference between patients and
controls. The authors found that those patients who were
impaired on disgust recognition had higher Y-BOCS scores as
well as significantly lower scores on a scale of global functioning.
Lochner and colleagues (45) also report a marginally significant
negative relation between symptom severity (Y-BOCS total) and
disgust recognition accuracy in a morphing task after correcting
for depression scores. Furthermore, a significantly negative
correlation between total Y-BOCS scores and the recognition
of fear was found in an emotional matching task by Bozikas and
colleagues (36), but this effect did not survive Bonferroni
correction. No correlation with any of the other emotions was
obtained. A study by Toh, Castle, and Rossell (51) reports a
negative correlation between symptom severity (Y-BOCS total)
and overall facial affect recognition but do not provide any
specifics since the focus of their study concerned patients with
body dysmorphic disorder, for which patients with OCD served
as a reference group. Other studies however, did not observe
significant relations with symptom severity (47, 49, 52) and the
review by Daros and colleagues (41) also was not able to detect a
significant relation between symptom severity and overall
emotion recognition, nor with anger or disgust individually,
based on the ten studies included in their meta-analysis.
Hence, overall, there does not seem to be very strong evidence
for a relation between symptom severity and facial
recognition impairments.
Frontiers in Psychiatry | www.frontiersin.org 9
The Role of Symptom Subtype in Facial Emotion
Recognition
So far, studies investigating the role of symptom subtype do not
seem to provide clear differences in emotion recognition between
different subdomains of OCD. One study specifically compared
different subdomains of OCD (46). Patients were divided into
three subgroups; high risk assessment and checking,
contamination and cleaning, and perfectionism and symmetry.
While no significant findings emerged for disgust, the study
showed a significant difference between patients scoring high on
risk assessment and checking and controls in sensitivity to fear
and happiness, indicating that they were able to correctly identify
these emotions at a lower intensity level than controls. Jhung
et al. (42) showed that having more hoarding symptoms was
associated with poorer disgust recognition, yet this relation did
not remain after controlling for age, sex, and depression scores.
Additionally, the studies by Corcoran et al. (40) and Rector et al.
(49) showed no differences in disgust recognition between
patients with and without primary contamination concerns.

Biases in Facial Emotion Recognition
Some studies have additionally demonstrated that OCS is
associated with specific biases in facial emotion perception.
Aigner et al. (35) used a task that required OCD patients to
rate faces as neutral, happy or sad, and the degree of intensity of
these emotions. Results showed that OCD patients displayed a
bias to recognize neutral faces as sad, as well as a bias to recognize
happy faces as neutral and happy faces as sad (35). Patients were
also less accurate in identifying sad expressions, but only for
female faces. One study also indicates that patients with OCD
may have bias toward perceiving faces as disgusting (42). This
study investigated how patients responded to ambiguous faces
(e.g., 50% disgust and 50% anger). They found that, compared to
controls, OCD patients were significantly more likely to perceive
ambiguous facial expressions as disgust and less likely as anger.

Neural Correlates of Facial Emotion Processing
The processing of emotional faces is associated with a wide range
of brain regions, including visual, limbic, temporoparietal,
prefrontal, and subcortical areas, with some areas showing
differential sensitivity to specific emotions (18). For example,
the amygdala seems to be most specifically activated by fear,
whereas the insula is particularly sensitive to expressions of
disgust (18). A few functional magnetic resonance imaging
(fMRI) studies have investigated how patients with OCD
process facial emotions on a neural level, using passive or
implicit viewing (38, 44) or active matching tasks (39, 52).

A study by Cannistraro et al. (38) indicates that the passive or
implicit perception of faces or facial expressions in general,
rather than emotional faces specifically, is associated with
altered neural activity. The authors used a simple emotional
faces paradigm consisting of the passive viewing of alternating
blocks of fearful, happy and neutral faces. While both patients
and healthy controls showed activity in left and right amygdala
for fearful compared to neutral facial expressions, no between-
group differences were observed for this contrast. The study did
found that when contrasting all facial expressions with fixation,
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reactivity of the amygdala was attenuated in OCD patients
compared to healthy controls.

Another study suggests altered neural processing of facial
expressions of disgust in patients (44). In a backward masking
paradigm that presented neutral, disgusted, and fearful facial
expressions just above conscious awareness level, patients with
OCD displayed increased activity in the left ventrolateral
prefrontal cortex (an area involved in response inhibition and
response modulation) and reduced activity in the thalamus
(involved in memory, attention, and information processing)
for disgusted compared to neutral expressions. Importantly, they
found this effect to be driven by those patients scoring high on
washing symptoms, suggesting this activity may be particularly
characteristic for those who suffer from compulsions that relate
to contamination concerns.

Two other studies focused on tasks that require more explicit
attention to presented emotions as they involve active matching
of emotional faces. Cardoner et al. (39) used a task involving the
matching of a happy or fearful target face to two out of three
possible emotional probe faces (happy, fearful, and angry).
Results showed that matching emotional faces versus matching
shapes resulted in increased activation in a distributed network
of brain regions known to be involved in face processing,
including the amygdala, fusiform gyrus, thalamus, and
dorsolateral prefrontal cortex in OCD patients compared to
controls. Patients also demonstrated significantly increased
connectivity between these face-processing regions and greater
activation of the right dorsolateral prefrontal cortex and the left
anterior insula region for fearful compared to happy faces. In
addition, the task-related activation and functional connectivity
was found to be associated with symptom severity as measured
by the Y-BOCS. Using a similar task, Via et al. (52) showed that
matching fearful faces, compared to matching shapes, resulted in
increased activation of the amygdala region in patients, as well as
other regions that did not survive whole-brain level correction
such as the right anterior insula cortex, premotor cortex, right
orbitofrontal cortex, and right middle temporal gyrus. Amygdala
activation for this contrast also significantly correlated with the
severity of aggression/checking and sexual/religious dimensions.
These studies suggest that when explicit emotional recognition is
required, patients show increased neural reactivity in various
brain regions involved in face and emotion processing, most
consistently the amygdala, during the processing of fearful
expressions, compared to controls.

Affective Prosody
Though many researchers have investigated the recognition of
emotions from facial expressions, to our knowledge, only a single
study has focused on the ability to identify emotions based on
vocal information, i.e., prosodic intonation, in OCD (36). In this
study, participants were presented with audio-recorded
sentences expressing one of five basic emotions (happy, sad,
surprise, fear, and anger) and were asked to identify the
corresponding emotion. Results showed no significant group
differences between patients and controls. The compulsion
subscale of the Y-BOCS did show a significantly negative
correlation with general affective prosody recognition and with
Frontiers in Psychiatry | www.frontiersin.org 10
the recognition of sadness specifically. These effects did however
not survive Bonferroni correction. Therefore, this study indicates
no deficits in the ability of individuals with OCD to recognize
these five basic emotions. Yet, the sixth basic emotion of disgust,
which seems especially relevant to the symptomatology of OCD,
was not investigated here.

Nonaffective Social Cues
Only few studies have investigated how individuals with OCD
perceive or process nonaffective social cues, i.e., the processing of
nonemotional information by others. These studies provide
some initial evidence that individuals with OCD have more
difficulty in perceiving social cues such as biological motion
and body poses. A study focusing on the perception of biological
motion, which refers to the ability to identify the movements of
animate beings, showed that, compared to controls, patients were
less accurate in perceiving biological motion within noise dots,
and less able to discriminate between biological and
nonbiological or scrambled motion (54). Their ability to
perceive nonbiological motion however, was comparable to
controls. A subsequent fMRI study found that during the
observation of biological versus scrambled motion, patients
showed aberrant activation in several brain regions, including
increased activation in the right superior and middle temporal
gyrus, the left inferior temporal, and fusiform gyrus, and reduced
activation in the right postcentral gyrus compared to healthy
controls (53). These regions have been implicated in the
integration of form and motion, object and face recognition,
and the visual imagery of objects (63), and the authors suggested
that increased activity in these regions may reflect the exertion of
additional effort or the recruitment of additional strategies in
patients, whereas healthy controls have a more automatic,
reflexive perception of motion. A later study investigating body
and face perception, reported that patients with OCD were
significantly less accurate in discriminating static pairs of
bodily postures implying actions, whereas their ability to
discriminate faces and chairs was unimpaired (55).

Section Summary and Discussion: Social
Cue Perception
To summarize, there is support for altered processing of both
affective and nonaffective social cues in OCD, from both
behavioral and neuroimaging studies. Multiple behavioral
studies show specific facial emotion recognition deficits (39, 40,
49, 50), mainly with regard to expressions of disgust (40, 49, 50).
Additionally, outcomes from a meta-analysis by Daros et al. (41)
—including ten patient studies—also point to the presence of
emotion recognition deficits in OCD, specifically for negative
emotions such as disgust and, to a lesser extent, anger. Such a
specific deficit in the recognition of facial expressions of disgust
might represent an important marker of OCD and seems in line
with studies highlighting the relevance of disgust in the
symptomology of OCD, due to the role of this expression in
the appraisal of potential contamination [see, e.g., (56)]. Yet,
studies investigating the possible role of symptom subtype
indicate no clear relation between specific symptom subtypes
and facial emotion recognition deficits (40, 46, 49). It seems
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possible that disgust is involved in the symptomatology of OCD
patients in a more general sense, as the emotion does not only
convey possible contamination but also for example the
violations of moral rules and interpersonal norms, to which
individuals with OCD are thought to be particularly sensitive
(56). Bhikram and colleagues suggest that patients with OCD
learn to associate a broader range of stimuli and facial
expressions with disgust due to an increased propensity to
perceive them as disgusting, which might in turn decrease their
ability to realistically identify stimuli expressing disgust. This is
in line with the finding by Jhung et al. (42) that patients with
OCD displayed a bias toward perceiving ambiguous faces as
expressing disgust rather than anger. It should be noted however,
that sample sizes in the studies investigating the role of subtypes
were very small (N between 3 and 15), which hinders the ability
to detect reliable effects.

Despite evidence for a disgust recognition deficit on a meta-
analytic level, a great number of individual studies did not
observe any deficits in facial emotion recognition [e.g., (36, 37,
42, 43, 46, 47)], which may suggest that deficits are associated
with specific subgroups of patients or task characteristics.
Although some studies show a positive relation between
symptom severity and disgust recognition impairment (40, 45,
48), many studies did not and the meta-analysis by Daros et al.
(41) was not able to detect such a relation based on the studies
included in their review. Some studies additionally show that
disgust recognition impairments are present in some but not all
patients (40, 48). Interestingly, recognition of facial expressions
of disgust also seem to be enhanced or restored by cognitive
behavioral therapy and SSRI treatment (45, 49), suggesting that
treatment status may play a role. Clearly, more research into
possible moderating variables is required.

Besides initial evidence for a bias toward perceiving
ambiguous faces as expressing disgust (42), individuals with
OCD may be characterized by a bias to perceive facial
expressions as more negatively valenced than they actually are
(35). Such a bias is often also present in depression [see (64) for a
review], and future studies are therefore needed to investigate to
what extent the presence of depressive symptoms may account
for this. Interestingly, biases toward threat-related stimuli have
not been reported so far in OCD, which is remarkable given that
this is commonly reported in anxiety disorders (57).

Neuroimaging studies demonstrate altered activation in
various brain areas during the processing of facial emotions in
OCD patients (38, 39, 44, 52), even in the absence of behavioral
differences in facial emotion recognition. This seems to suggest
that patients with OCD process emotional information
differently, perhaps because they recruit compensatory
mechanisms. Interestingly, reduced or similar amygdala
activation was found in patients compared to healthy controls
during the passive viewing or indirect perception of facial
expressions in general (38, 44) while enhanced activation of
this area was observed in tasks that required active recognition of
emotional expressions (39, 52). The amygdala is involved in
many different processes, and responds to a variety of emotional
stimuli, but has been most consistently implicated in mediating
Frontiers in Psychiatry | www.frontiersin.org 11
fear and anxiety reactions, and heightened amygdala responses
have often been observed in disorders of anxiety (65). Increased
amygdala reactivity during situations in which OCD patients
have to pay active attention to facial emotions and label or match
them, and during the perception of fear specifically, therefore
seems consistent with a heightened emotion or threat
responsiveness, yet the finding of reduced activity during
passive or indirect viewing of facial emotions deserves further
exploration. In addition, patients showed altered neural activity
in several other regions, such as the ACC, insula and ventro- and
dorsolateral prefrontal cortex. These regions have also been
implicated in neurobiological and neurocognitive accounts of
the disorder [e.g., (16, 56, 66)] and increased activity in these
regions may for example represent altered affective
responsiveness and increased emotion regulation attempts
during emotion processing (67). Moreover, altered activity in
the thalamus was observed during the processing of facial
emotions, an area which is thought to represent a key node in
the disturbed fronto-striatal feedback loops thought to be
involved in the pathogenesis of the disorder (16). Additionally,
there are some indications that the specific neural alterations
seem to depend on obsessive-compulsive subtype (44, 52), which
highlights the importance of further elucidating the role of
symptom subtypes.

The single study investigating the processing of nonfacial
affective cues in OCD (36) showed no significant differences in
the recognition of affective prosody between patients and healthy
controls, although more severe compulsions did appear to be
associated with decreased performance on the affective prosody
task. Clearly, more research is needed to further explore possible
deficits in the recognition of emotions from other cues than facial
expressions in OCD, such as vocal, auditory or bodily cues.

There is also a scarcity of studies in the domain of
nonaffective social cue perception. The few studies that do
exist indicate that OCD patient seem to have difficulties
identifying biological motion and body poses but not faces
implying action (54, 55). Jung et al. (53) additionally showed
that the perception of biological motion was associated with
altered activity in several brain regions associated with the
representation of visual information. These results suggest that
it is possible that OCD patients already experience impairments
at very basic, visual levels of social cognition.
MENTALIZING/TOM

The terms mentalizing and ToM are often used interchangeable
and refer to the ability to infer the mental states of others (68).
ToM is often divided in the ability to infer the feelings and
emotions of others (affective ToM) and the ability to infer other
people's intentions and beliefs [cognitive ToM; (69)]. ToM has
been found to involve many brain regions, most consistently the
temporoparietal junction extending to the superior temporal
sulcus, and the medial prefrontal cortex (dorsomedial- and
ventromedial prefrontal cortex), but also regions thought to be
engaged in a more task-specific manner such as the precuneus,
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anterior temporal lobes, inferior frontal gyrus including the
orbitofrontal cortex, amygdala, insula, and ACC (29, 70).
Research generally distinguishes first-order (e.g., what is that
person thinking)? and more complex second-order (e.g., what is
he/she thinking that another person is thinking)? levels of ToM
(71). A more recent division additionally separates social-
cognitive and social-perceptual components (72, 73). Social-
cognitive ToM involves inferring mental states of others based
on their behavior, and reflects “reasoning” processes. Social-
perceptual ToM, on the other hand, refers to the ability to infer
other's mental states based on perceptual features. The current
section will focus on studies investigating ToM abilities in OCD
patients (Mentalizing/ToM in OC) and on the role of symptom
severity and level of insight into one's own mental illness (The
Role of Symptom Severity and Level of Insight in ToM). No studies
investigating the neural correlates of mentalizing/ToM in OCD
were identified. Table 2 contains an overview of the studies
discussed in this section.

Mentalizing/ToM in OCD
The Reading the Mind in the Eyes Task (RMET) represents a
measure of affective, social-perceptual ToM, whereby individuals
are required to infer emotional and mental states of others based
on only the eye region of the face (81). Two studies in patients
report lower RMET scores (73, 80), although after controlling for
general neurocognitive functioning, between-group differences
in the study by Misir and colleagues (73) were not significant
anymore. Yet, two other studies report scores similar in patients
and controls (77, 78).

Other studies focused on more social-cognitive aspects of
ToM in OCD. Sayın, Oral, Utku, Baysak, and Candansayar (79)
used a number of different tasks. An adapted version of the
cartoon picture story based on Brüne (82) was used to assess
first- and second-order false beliefs. A story of the so-called
hinting task (83, 84) was used to assess the ability to infer real
intentions behind indirect statements. To assess more advanced,
“third-order” ToM (e.g., he knows they think he will lie), the
double-bluff story from the set of “Strange Stories” was used (85),
which asks participants to identify why a character of the story
said something that was not meant literally. Although patients
performed worse on all ToM tasks, the difference with controls
was significant only for the double-bluff task, which they found
to be associated with reduced memory capacity: performance on
this task was positively correlated with both immediate and
delayed recall on a visual reproduction task. Tulacı et al. (80)
employed the same tasks along with a faux pas test (86) and
demonstrated significant group differences, with patients
performing worse on all tasks. Misir et al. (73) also showed
significant social-cognitive ToM deficits in patients compared to
controls in all measures of a test battery called the Dokuz Eylül
ToM Index (DEToMI), which remained significant after
controlling for general neurocognitive functioning. The
DEToMI consists of a series of verbal or visual tasks assessing
social-cognitive aspects of ToM and includes first- and second-
order false belief tasks, as well as irony, metaphor, and faux pas
recognition tasks (73). In contrast, Mavrogiorgou et al. (47)
found no significant impairments compared to controls on the
Frontiers in Psychiatry | www.frontiersin.org 12
hinting task, multiple sets from “Strange Stories” nor on the faux
pas test. The authors did find a marginally significant deficit on a
proverb test (87), which assesses the ability to recognize the
hidden meaning behind indirect speech and which has been
found to be strongly related to ToM (88). Thus, most but not all
studies show deficient social-cognitive ToM in OCD patients.

Liu et al. (76) specifically compared affective and cognitive
components of ToM using the so-called Yoni task (89). In this
task, a cartoon face was presented in the middle of the screen
with four colored pictures in each corner of the screen.
Participants had to identify the picture that the cartoon was
referring to based on an incomplete sentence at the top of the
screen and cues such as the eye gaze and expression of the
cartoon face and the facial expressions of the corner images. The
study demonstrated impairments in OCD patients specifically on
second-order, cognitive levels of ToM, which remained
significant after controlling for general neurocognitive abilities,
while first-order and affective levels of ToM were not
significantly different from controls. A single study by
Buhlmann, Wacker, and Dziobek (74) employed a multimodal
task called the Movie for the Assessment of Social Cognition (90)
to assess general ToM skills in OCD patients. In this task,
participants watched a short movie and were instructed to
answer questions about the characters' thoughts, intentions
and emotions at set time points during the movie. No
differences between OCD patients and controls were found,
suggesting that patients with OCD do not show impairments
during more integrated assessments of ToM.

The Role of Symptom Severity and Level
of Insight in ToM
İnanç and Altıntaş (75) observed a negative relation between
symptom severity and RMET performance in patients, while
Misir and colleagues (73) observed a moderate negative
correlation between symptom severity and DEToMI total
score. Yet, other patient studies did not demonstrate significant
relations between symptom severity and ToM (47, 76, 78, 79).
There is however evidence to suggest that the extent to which
patients are aware of the irrationality of their obsessions and/or
compulsions, i.e., their level of insight, is related to ToM abilities
(73, 75, 80). Tulacı et al. (80) found significant negative
correlations between insight level and all ToM tasks, with ToM
performance significantly lower in patients with poor compared
to good insight. Interestingly, patients with good insight did not
differ from healthy controls on the RMET and first- and second-
order false belief task, but did score significantly lower on the
double bluff, faux pass and hinting task. Misir et al. (73) also
reported a negative correlation between the level of insight and
the DEToMI total score. İnanç and Altıntaş (75) specifically
investigated the role of insight within a sample of treatment-
resistant and treatment-responding patients. They found a
significant negative correlation between RMET performance
and level of insight. RMET scores were also significantly lower
in the treatment-resistant group. Thus, these studies suggest that
ToM may be especially impaired in those OCD patients with
poor illness insight, and to a lesser extent in patients with
good insight.
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TABLE 2 | Overview of studies investigating theory of mind in obsessive-compulsive disorder.

Author Method Participants Comorbid
diagnosis?

Concurrent
medication/
therapy?

Task ToM
domain

Diagnosis
or symptom
assessment

Main results

Bozikas et al.
(36)

Case-control
Outpatients

OCD = 25
[32.7 ± 9.0,

10M:15F]; HC
= 25 [33.4 ±
7.3, 14M:11F]

Depression
(n=4), PD (n=2).

ATD without
(n=11) and with
(n=5) atypical
antipsychotics,
antipsychotics
only (n=1). All
patients were
receiving CBT.

Fantie's
Affective
Cartoon
Test

Social-
perceptual,
affective

DSM-IV,
MINI/Y-
BOCS

No significant differences between
OCD patients and HC.

Buhlmann
et al. (74)

Case-control OCD = 35
[34.0 ± 9.1,

18M:17F]; HC
= 35 [32.7 ±

11.0,
14M:21F]

MDD (n=7),
panic disorder
(n=2), specific

phobia (n=2), AA
(n=1), CTD

(n=1), dysthymia
(n=1),

hypochondriasis
(n=1).

Not reported. Movie for
the
Assessment
of Social
Cognition

Multimodal
assessment

SCID No significant differences between
OCD patients and HC.

İnanç and
Altıntaş (75)

Patients only
(in- and
outpatients)
Correlational
study

OCD = 71
(subgroups:
treatment

resistant = 30
[32.8 ± 9.0,
8M: 22F],
treatment

responders =
41 [32.4 ± 9.8,

12M:29F])

Exclusion criteria
included several

psychiatric
conditions

including active
schizophrenia or
psychosis, acute
suicidality, and
substance
abuse.

Not reported. RMET Social-
perceptual,
affective

SCID/Y-
BOCS

Significant negative correlation
between the RMET and the level of
insight (p < 0.01), and between the
RMET and symptom severity (p <
0.01). RMET scores were also
significantly lower in the treatment-
resistant group (p=0.001).

Liu et al. (76) Case-control
Outpatients

OCD = 40
[24.6 ± 4.1,

18M:22F]; HC
= 38 [23.3 ±
2.7, 16M:22F]

Comorbid
psychiatric
disorder was
considered an

exclusion
criterion.

Not reported. Yoni task First-order,
second-
order,
cognitive +
affective

SCID/Y-
BOCS

OCD patients scored significantly
lower than HC in second-order,
affective mental state attributions
(p=0.002), even after neurocognitive
functioning was taken into account
(p=0.023).

Mavrogiorgou
et al. (47)

Case-control
Outpatients

OCD = 20
[38.1 ± 10.6,
12M:8F]; HC =
20 [38.2 ±

13.0, 12M:8F]

Comorbid MDD
or ADs were not

considered
exclusion
criteria.

SSRIs (n=18), St.
John's wort
(n=1), SSRIs plus
antipsychotic
drugs (n=13).
CBT was not
consider an
exclusion criteria.

Hinting Task
(double-
bluff,
persuasion,
mistakes,
and white
lies stories),
faux pas
test, proverb
test

First-order,
second-
order,
social-
cognitive

ICD-10 and
DSM-IV
criteria/Y-
BOCS

No significant difference between
OCD patients and HC with regard to
ToM tasks. However, patients with
OCD performed marginally worse on
the proverb task (p=0.053).

Misir et al.
(73)

Case-control
Outpatients

OCD = 34
[32,4 ± 10.0,
13M:21F]; HC
= 30 [34,4 ±
9,7, 17M:13F].

Comorbidities
not reported,
but many
psychiatric
conditions
served as
exclusion
criteria.

SSRI's (n=29).
Therapy not
reported.

DEToMI
(includes
first- and
second-
order false
belief tasks,
irony,
metaphor
and faux
pas
recognition
tasks),
RMET.

First- and
second-
order,
social-
cognitive +
social-
perceptual,
affective

SCID/Y-
BOCS

Patients' DEToMI (p=0.002) and
RMET total scores (p=0.005) were
significantly lower than HC. When
controlled for neurocognitive
functioning, between-group
difference for RMET was no longer
significant (p=0.087). There also was
a moderate negative correlation
between symptom severity and
DEToMI total score (r= −0.376;
p=0.026).

Pertusa et al.
(77)

Case-control OCD (n=31),
AD

(n=19), and
HC (n=55).

GAD (n=8), PD
+/- agoraphobia
(n=5), SP (n=5),
MDD (n=2), ED

Not reported. RMET Social-
perceptual,
affective

SCID/DY-
BOCS

No significant differences between
OCD patients and HC.
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Section Summary and Discussion:
Mentalizing/ToM
In summary, there is some evidence for deficient mentalizing or
ToM in OCD. Some of these studies find deficits in both affective
and cognitive ToM (73, 80) whereas in other studies deficits are
limited to (social-)cognitive and higher-order domains (76, 79).
Yet other studies, however, show no clear deficits (36, 47, 74, 77,
78). The observed ToM deficits seem to depend in part on more
general cognitive abilities (73, 79), which is unsurprising as ToM
tasks draw upon general cognitive and verbal abilities to a much
greater extent than lower-level processes such as emotion
recognition [see, e.g., (91)]. These studies thus indicate that the
cognitive deficits that patients with OCD experience may also
impact on social cognitive abilities such as ToM. However, ToM
deficits in OCD do not seem to be explained by more general
cognitive deficits alone (73, 76), highlighting the importance of
invest igating social cognit ion in the disorder as a
separate construct.

While most studies do not indicate a significant relation
between ToM and symptom severity (47, 76, 78, 79), level of
illness insight of patients does appear to be an important
Frontiers in Psychiatry | www.frontiersin.org March 2020 | Volume 11 | Article 11814
-
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moderator of ToM deficits (73, 75, 80). Poor insight in OCD is
associated with several clinical characteristics, such as higher
comorbidity rates, specifically depression and schizophrenia
spectrum disorders, poorer treatment response, more severe
symptoms, and longer illness duration (92, 93). Notably,
obsessive-compulsive symptoms are highly prevalent in
schizophrenia and patients with first-episode psychosis with
prevalence rates up to 64% (94), and the presence of these
symptoms have been associated with poorer social cognitive
abilities in patients with schizophrenia, specifically for higher-
order ToM (95). Approximately 22%–25% of patients are
characterized by poor insight (92, 93). As such, it seems
possible that these patients represent a subgroup of OCD with
greater ToM disturbances. However, more general factors related
to poor insight such as poorer global, cognitive, and intellectual
functioning may also play a role (94).

To our knowledge, no studies have investigated the neural
correlates of ToM in relation to OCD. Given the observed deficits
in ToM inferences, regions involved in ToM such as the
temporoparietal junction and the medial prefrontal cortex may
be affected. Furthermore, several brain regions implicated in the
TABLE 2 | Continued

Author Method Participants Comorbid
diagnosis?

Concurrent
medication/
therapy?

Task ToM
domain

Diagnosis
or symptom
assessment

Main results

(n=2), dysthymia
(n=1).

Pino et al. (78) Case-control OCD = 24
[39.1 ± 12.9,
12M:11F]; HC
= 23 [38.7 ±

11.9,13M:11F].

Comorbidities:
axis I disorders
were considered
as exclusion

criteria.

Not reported. RMET Social-
perceptual,
affective

SCID/Y-
BOCS

No significant differences between
OCD patients and HC.

Sayin et al.
(79)

Case-control
Outpatients

OCD = 30
[34.3 ±
11.5,

10M:20F]; HC
= 30 [33.0 ±

10.6,
10M:20F].

Not reported. ATD only (n =
18), ATD +
antipsychotics,
(n = 6), ATD,
antipsychotics +
benzodiazepines
(n=6). Therapy
not reported.

First- and
second-
order false
belief tasks,
hinting task,
double-bluff
story from
“Strange
Stories” set.

First- and
second-
order,
social-
cognitive

SCID/Y-
BOCS

Patients scored significantly worse
on the double-bluff task compared to
HC (p < 0.01). Performance on
double-bluff task was positively
correlated with visual reproduction
immediate recall (r=0.411, p <0.05)
and visual reproduction-delayed
recall (r=0.478, p < 0.05), while the
hinting task was positively correlated
with verbal memory (r=0.481,
p < 0.05).

Tulacı et al.
(80)

Case-control OCD = 80
(subgroups: PI
[n=24, 31.2 ±
11.3, 9M:15F],
GI [n=56, 28.8
± 9.0, 19M:

37F]); HC = 80
(no

demographics
provided).

Presence of
comorbidities
(PI: n=13, GI:

n=33).

Single ATD (PI:
n=8, GI: n=39),
> 1 ATD (PI:
n=1, GI: n=3), 1
ATD and 1
antipsychotic (PI:
n=12, GI: n=6),
> 1 ATD and
antipsychotic (PI:
n=2, GI: n=0).
Therapy not
reported.

First-order
and second-
order false-
belief tasks,
hinting test,
Faux Pas
test, double-
bluff story
from
“Strange
Stories” set,
RMET.

First- and
second-
order,
social-
cognitive +
social-
perceptual,
affective

SCID/Y-
BOCS

Scores were significantly lower in
patients than HC for all ToM tasks
(p < 0.05). Scores were also
significantly lower in the PI compared
to GI group (p < 0.05). No significant
differences between good insight
group and HC for first- and second-
order false-belief or RMET scores (p >
0.05). When comparing GI patients
with HC, only faux pas, and double-
bluff test scores were significantly
lower in patients (p < 0.05).
ToM, Theory of mind; OCD, obsessive-compulsive disorder; HC, healthy controls; RMET, Reading the Mind in the Eyes Task; PD, panic disorder; ATD, antidepressant; K-SADS, Kiddie
Schedule for Affective Disorders and Schizophrenia; DSM, Diagnostic and Statistical Manual of Mental Disorders; MINI, Mini International Neuropsychiatric Interview; MDD, majo
depression disorder; AA, alcohol abuse; CTD, chronic tic disorder; SCID, Structured Clinical Interview for DSM Axis I Disorders; OCI-R, obsessive-compulsive inventory revised; SSRIs
selective serotonin reuptake inhibitors; Ads, anxiety disorders; CBT, cognitive-behavioral therapy; ICD, International Statistical Classification of Diseases; DEToMI, Dokuz Eylül Theory o
Mind Index; HD, hoarding disorder; GAD, generalized anxiety disorder; SP, social phobia; ED, eating disorder; PI, poor insight; GI, good insight.
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psychopathology of OCD [see, e.g., (16)] have been linked to
ToM as well. For example, it has been suggested that more
affective or implicit ToM assessments involve regions such as the
orbitofrontal cortex, (dorsal) ACC, and insula, whereas cognitive
and explicit assessments depend on brain areas related to more
general cognitive resources such as the rostral ACC and medial
and lateral PFC (29). Future studies may provide important
insights into the underlying neural mechanisms of disturbed
ToM inferences.
EXPERIENCE SHARING AND EMPATHY

Experience sharing refers to the vicarious experience and brain
activity that is triggered by observing behavior of others. Green
et al. (4) divide this concept in “motor resonance” and “affect
sharing.” Motor resonance is defined as the functional
correspondence between the motor state in others and the self
and is believed to represents a bottom-up process involving the
so-called mirror neuron system [MNS; (4)]. This system consists
of a group of neurons that are thought to be involved in the
recognition and understanding of others actions by imitating or
“mirroring” the actions or behaviors performed by others as they
are activated by both the execution and observation of actions
(95). It involves a network of brain regions including the inferior
frontal gyrus, dorsal, and ventral premotor cortex, and the
inferior and superior parietal lobule as well as other regions
depending on sensory modality (96). For example, the execution
and observation of emotional expressions demonstrates
vicarious activity in regions such as the insula, amygdala, and
cingulate gyrus (96).

The second aspect of experience sharing is “affect sharing,”
which refers to the observation of emotional expressions in
others and the corresponding experience of these emotions as
well as the activation of emotion-related brain areas in the self
(4). Affect sharing is thought to represent a bottom-up process
depending on the coupling of perception and action which
possibly involves the MNS, and is considered a crucial
subcomponent of empathy (97, 98). Empathy is considered a
multifaceted construct including both bottom-up affect sharing
processes as well as more top-down executive processes such as
perspective taking skills and emotion regulation, which are
mostly thought to involve prefrontal brain regions (99, 100).
Many researchers also distinguish between affective empathy
(the ability to share others' emotional states) and cognitive
empathy [the ability to understand others' emotions; see, e.g.,
(69)]. By this definition, cognitive empathy is equated with
affective ToM. Yet other researchers narrow down the concept
of empathy to the isomorphic state (knowingly) elicited by the
affective state of others [e.g., (101)]. The following section will
focus on motor resonance (Motor Resonance) and affect sharing
and empathy (Affect Sharing and Empathy). Research on
emotion regulation, which constitutes a critical subcomponent
of empathy, will be discussed below in the section Emotion
Experience and Regulation. Table 3 contains an overview of the
studies discussed in this section.
Frontiers in Psychiatry | www.frontiersin.org 15
Motor Resonance
Although no studies have directly investigated how the actions of
others are represented in the brain of patients with OCD, there is
some indirect evidence to suggest that patients with OCD may
show deficient motor resonance. A study by Rounis, Banca, and
Voon (104) for example showed that patients with OCD scored
significantly lower than healthy controls on a task that required
them to imitate meaningless hand and finger gestures performed
by an experimenter. In addition, previously discussed studies
(Nonaffective Social Cues) on the recognition of biological
motion (53, 54) and body poses implying action (55) may
likewise indicate a deficiency in representing the actions of
others in the brain. Besides behavioral reports of impairments
in motion or action recognition (54, 55), the study by Jung et al.
(53) showed that patients demonstrated increased activity in
several brain regions that are thought to be part of the MNS
during the perception of biological motion, and have proposed
that this activation may reflect increased effort or neural
inefficiency of this system. However, since their study
concerned moving black dots rather than real human beings
performing actions, direct evidence for altered motor resonance
and MNS functioning in OCD is still missing.

Affect Sharing and Empathy
Current measures of affect sharing and empathy in OCD are
limited to self-report questionnaires such as the Interpersonal
reactivity index [IRI; (105)]. The IRI represents a widely used
measure of empathy containing four subscales, of which two
scales measure affective components of empathy (empathic
concern and personal distress) and two scales measure
cognitive components (perspective taking and fantasy).
Empathic concern refers to feelings of concern and sympathy
for others, whereas the personal distress scale focuses on self-
oriented feelings of anxiety and distress intense interpersonal
situations. Empathic concern is thought to promote prosocial
behavior toward others (105), whereas the experience of
interpersonal distress is often considered maladaptive, and has
been found to be elevated in mood and anxiety disorders (106).
The perspective taking subscale refers to one's more cognitive
tendency or ability to spontaneously adapt the viewpoint of
others, whereas the fantasy scale measures the tendency to
identify oneself with fictitious characters in books, movies,
or plays.

Using the IRI, Fontenelle et al. (102) demonstrated that
patients with OCD displayed greater self-reported levels of
empathic concern and personal distress compared to healthy
controls. Within patients, higher neutralizing and hoarding
symptoms as measured by the obsessive-compulsive
inventory–revised (OCI-R) were associated with high scores on
the fantasy dimension. Patients with higher symptoms of
checking, ordering, washing, and hoarding also showed more
empathic concern, whereas all symptom dimensions were related
to higher personal distress. However, after correcting for
comorbid depression and anxiety, only the relation between
hoarding symptoms and fantasy remained. In another sample
of OCD patients, Kang, Namkoong, Yoo, Jhung, and Kim (103)
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TABLE 3 | Overview of studies investigating experience sharing and empathy in obsessive-compulsive disorder.

Domain Author Method Participants Comorbid
diagnosis?

Concurrent
medication/
therapy?

Task/
questionnaire

Subdomain Diagnosis/
symptom

assessment

Main results

Empathy

Fontenelle
et al. (102)

Case-
control

OCD = 53
[39.3 ± 13.8,
29M:36F]; HC
= 53 [35.5 ±

13.0,
24M:46F]

MDD
(n=19), SP
(n=3), DD
(n=3).

SSRIs (n=42),
benzodiazepine
(n=21),
antipsychotic
(n=17).
Therapy: CBT
(n=17).

IRI Cognitive
empathy
(PT and FT)
+ affective
empathy
(EC and PD)

SCID/OCI-R Compared to HC, patients showed
higher levels of EC (p=0.006) and
PD (p < 0.001). Within patients,
hoarding symptoms correlated with
EC (r=0.39; p < 0.001), FT (r=0.36;
p < 0.01), and PD (r=0.39; p <
0.001). After adjusting for
covariates, only the association
between hoarding and FT remained
(r=0.41; p < 0.001).

Kang et al.
(103)

Case-
control

OCD = 107
[27.5 ± 9.22,
72M:35F]; HC
= 130 [26.0 ±
4.8, 82M/48F]

MDD
(n=20), SP
(n=5), BDD
(n=20,
panic
disorder
(n=1).

All patients
were taking
medications.
Therapy not
reported.

IRI Cognitive
empathy
(PT and FT)
+ affective
empathy
(EC and PD)

SCID/Y-
BOCS

Patients with OCD showed
significantly lower PT (p=0.003) and
higher PD (p=0.001) compared to
HC. PD correlated significantly with
forbidden thoughts symptoms
(r=0.254, p=0.017) after correcting
for gender, anxiety and depression
levels.

Pino et al.
(78)

Case-
control

OCD = 24
[39.1 ± 12.9,
12M:11F]; HC
= 23 [38.7 ±
11.9,13M:11F]

Comorbid
disorders
were
considered
as
exclusion
criteria.

Not reported. BES, EQ, EAT Cognitive
(BES
cognitive,
EQ, EAT)
and affective
empathy
(BES
affective)

SCID/Y-
BOCS

OCD patients scored lower than
controls on the EQ (p < 0.001),
cognitive subscale of the BES
(p=0.020) and attribution of
negative emotions except disgust in
the EAT (ps <0.005). There also
was a positive relation between the
cognitive BES subscale and Y-
BOCS obsessions (r=−0.423,
p=0.002) and compulsions (r=
−0.420, p=0.003).subscales. No
differences were found between
patients and HC on the affective
empathy subscale of the BES.

Motor resonance

Kim et al.
(54)

Case-
control
Outpatients

OCD = 20
[24.3 ± 6.2,
12M:8F]; HC
= 16 [23.2 ±
5.8, 11M:5F]

Not
reported.

Sertraline (n=4),
citalopram
(n=6), fluoxetine
(n=5),
fluvoxamine
(n=2),
risperidone
(n=5),
olanzapine
(n=1),
clonazepam
(n=14), valproic
acid (n=1), and
lamotrigine
(n=1). Therapy
not reported.

Biological
motion
detection and
discrimination
tasks

Biological
motion
perception

DSM-IV
criteria/Y-
BOCS

Patients found it more difficult to
detect biological motion within
noise dots (p=0.003) and to
discriminate biological motion from
scrambled motion (p=0.034),
whereas their ability to perceive
nonbiological global motion and
static global form was comparable
to HC.

Jung et al.
(53)

Case-
control
fMRI

OCD = 15
[23.4 ± 4.7,
12M:3F]; HC
= 15 [25.67 ±
3.46, 9M:6F]

Comorbid
axis I
diagnoses
were
considered
exclusion
criteria.

Monoamine
oxidase
inhibitors (n=2),
SSRI +
antianxiety
(n=3), SSRI +
antianxiety +
anti-psychotics

One-back task
with biological
and scrambled
motion

Biological
motion
perception

SCID for
DSM-II/Y-
BOCS

Compared to HC, patients
exhibited increased activation in the
right superior and middle temporal
gyrus, the left inferior temporal and
fusiform gyrus and reduced
activation in the right postcentral
gyrus (p < 0.001, uncorrected).
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showed increased personal distress and decreased perspective
taking compared to healthy controls, with no differences for
empathic concern or fantasy. When taking symptoms of
depression and anxiety into account, the personal distress scale
was also positively related to the forbidden thoughts dimension
of the Y-BOCS measure of OCD symptoms, which refers to the
presence of obsessions related to aggression, sex, and religion.
These studies suggest that patients may be characterized by
increased affective levels of empathy, especially with regard to
empathic distress, and possibly decreased cognitive empathic
abilities, as indicated by poorer perspective taking skills.
However, these differences may be in part explained by
comorbid levels of anxiety and depression, rather than specific
symptom dimensions of OCD, as correlations with specific
symptom dimensions often disappeared after including
depression and anxiety levels as covariate.

In a study using different empathy measures (78), patients
with OCD had lower scores than controls on the cognitive
empathy subscale of the Basic Empathy Scale [BES; (107)] and
on the Empathy Quotient (108), a questionnaire focusing mostly
on cognitive empathy. Pino et al. (78) also showed a negative
relation between scores on the cognitive BES subscale and the
presence of obsessions and compulsions (as assessed by the Y-
BOCS). Participants in this study also performed an emotion
attribution task, in which the ability to identify the emotions of
other's based on short stories was assessed (109). Here, patients
scored lower than controls on the attribution of all negative
emotions except disgust. However, Pino et al. (78) found no
differences were compared to controls on the affective empathy
subscale of the BES. Thus, this study indicates that OCD patients
are characterized by specific deficits in cognitive, but not affective
components of empathy.
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Section Summary and Discussion:
Experience Sharing and Empathy
Few studies have been conducted on experience sharing and
empathy in patients with OCD. There are some indirect
indications that patients with OCD may show deficient motor
resonance or impaired MNS functioning as they have been shown
to display poorer imitation of other's actions (104), impaired
recognition and neural processing of biological motion (53, 54)
and deficient perception of body poses implying actions (55), yet
direct evidence for altered motor resonance from neuroimaging
studies are missing. Likewise, there are no neuroimaging or
experimental studies on affect sharing in patients with OCD.
Evidence from self-report questionnaires does indicate that
patients experience a heightened affective responsiveness to
emotions of others (102, 103) or a similar emotional congruence
with others compared to controls (78). Increased affective distress
may be linked to more general levels of anxiety or depression, as
most correlations with specific symptom dimensions did not
remain after taking this into account. With regard to more top-
down, cognitive aspects of empathy, some studies indicate a
decreased self-reported ability to understand the emotions of
others (78, 103), with scores on the emotion attribution task
providing more experimental evidence for this (78). These
findings seems in line with previously discussed experimental
studies on affective ToM showing a decreased ability to identify
the emotions of others in patients using the RMET (73, 80), which
has also been considered as an index of cognitive empathy.
Importantly however, research on experience sharing and
empathic functioning in OCD is still in its infancy. Future
studies using experimental as well as neuroimaging methods
may shed more light on the specificity and origin of empathic
alterations in the disorder.
TABLE 3 | Continued

Domain Author Method Participants Comorbid
diagnosis?

Concurrent
medication/
therapy?

Task/
questionnaire

Subdomain Diagnosis/
symptom

assessment

Main results

(n=3). Therapy
not reported.

Rounis
et al. (104)

Case-
control
Outpatients

OCD = 24
[37.9 ± 14.7;
14M:10F]

HC = 22 [37.4
± 13.5;
12M:10F]

Comorbid
psychiatric
disorders
were
considered
exclusion
criteria.

SSRI (n=15)
and SSRI +
antipsychotic
(n=4).

Meaningless
gesture
imitation task,
extracted from
the
Birmingham
Cognitive
Screen

Action
imitation

MINI/Y-
BOCS

Scores on hand and finger imitation
gestures were significantly lower for
patients compared to HC
(p=0.001). There were no significant
correlations of imitation scores with
the Y-BOCS.

Shin et al.
(55)

Case-
control
Outpatients

OCD = 54
[25.0 ± 6.5,
32M:22F];

HC = 42 [23.4
± 4.6,

32M:10F]

Comorbid
axis I
diagnoses
were
considered
exclusion
criteria.

Medication-
naïve (n=24),
medication-free
for 4 weeks
(n=30). Therapy
not reported.

Body and face
discrimination
task

Recognition
of faces and
bodies

SCID Compared to HC, patients were
less accurate in discriminating
human bodily postures (p < 0.001),
but not in discriminating faces or
chairs.
Ma
OCD, obsessive-compulsive disorder; HC, healthy controls; MDD, major depressive disorder; SP, social phobia; DD, dysthymic disorder; SSRIs, selective serotonin reuptake inhibitors;
CBT, cognitive-behavioral therapy; IRI, Interpersonal reactivity index; PT, Perspective Taking; FT, Fantasy; EC, Empathic Concern; PD, Personal Distress; SCID, Structured Clinical
Interview for DSM Axis I Disorders; OCI-R, Obsessive-compulsive Inventory Revised; BDD, Body dysmorphic disorder; BES, Basic Empathy Scale; EQ, Empathy Quotient; EAT, Emotion
Attribution Task; Y-BOCS, Yale–Brown Obsessive-Compulsive Scale; Diagnostic and Statistical Manual of Mental Disorders; MINI, Mini International Neuropsychiatric Interview.
rch 2020 | Volume 11 | Article 118

https://www.frontiersin.org/journals/psychiatry
http://www.frontiersin.org/
https://www.frontiersin.org/journals/psychiatry#articles


Jansen et al. Social Cognition and Obsessive-Compulsive Disorder
EMOTION EXPERIENCE AND
REGULATION

The term “emotion experience” refers to the emotion reactions
(on either a subjective, observable, or neurophysiological level)
that individuals experience in response to positive or negative
stimuli (4). The ability to exert control over how and when
these emotions are experienced and expressed is called emotion
regulation (67). Whereas emotional reactivity is known to
involve the dorsal anterior cingulate, insula, amygdala, and
periaqueductal grey (PAG), explicit or conscious (top-down)
regulation of emotion is associated with brain activity in the
dorso- and ventro lateral prefrontal cortex, (pre)supplementary
motor area and parietal cortex. Emotion regulation can
however also be an automatic (bottom-up) process, and more
implicit or unconscious emotion regulation has been linked to
the ventral anterior cingulate and the ventromedial prefrontal
cortex (67).

Given that OCD was until recently defined as an anxiety
disorder, it has long been recognized that abnormal experience
and regulation of emotions plays a crucial role in the
symptomatology of OCD [see, e.g., (110)]. It has even been
argued that the mental and behavioral compulsions that
characterize OCD patients represent a maladaptive coping or
emotion regulation mechanism of dealing with aversive and
unwanted emotions triggered by obsessional thoughts (111).
However, emotional disturbances may also importantly impact
how we deal with social situations. For example, an influential
framework by Decety and Meyer (100) suggests that emotion
regulation is an important cognitive skill which helps control
one's own arousal or distress. Individuals who become
overaroused by other's distress due to problems with emotion
regulation, might therefore be unable to deal with others
emotions in a prosocial or adaptive fashion due to the
cognitive resources that are used up too regulate their own
emotions (112). Emotion regulation is thus considered a
crucial subcomponent for adaptive empathic responding.
Given that the way we experience and regulate our emotions is
of critical importance for successful social interaction, the
following section will describe existing research on the
experience (Emotion Experience) and regulation (Emotion
Regulation) of emotions in patients with OCD. Table 4
contains an overview of the studies discussed in this section.

Emotion Experience
There is an abundance of evidence from neuroimaging studies
demonstrating that patients with OCD show altered reactivity to
emotional stimuli in nonsocial contexts. For example, a recent
meta-analysis, including 25 studies with a total of 571 patients
and 564 controls, showed that, compared to controls, patients
experience increased activation in limbic, frontal, and temporal
areas (bilateral amygdala, right putamen, orbitofrontal cortex,
ACC, ventromedial prefrontal cortex, middle temporal, and left
inferior occipital cortices) during the processing of aversive or
symptom-provoking (versus neutral) stimuli (129), indicating
heightened emotional reactivity.
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Additionally, several studies indicate decreased neural
sensitivity to rewarding stimuli, and increased sensitivity to
stimuli indicating loss, using gambling (120), risky choice
(117), monetary incentive delay (121, 123–125), probabilistic
learning (128), or other incentive paradigms (126). For example,
studies have shown reduced neural sensitivity in the nucleus
accumbens (119, 121) and ACC (125) in response to anticipated
rewards, and increased activity in the insula (120, 123) and
lateral and medial frontal cortex during anticipated loss (123,
125). Decreased functional connectivity between the nucleus
accumbens and limbic areas such as the amygdala during the
anticipation of gain and loss has also been observed (124).
Additionally, the direct processing of rewarding outcomes has
been associated with decreased responsiveness in right medial
and lateral orbitofrontal cortex (128) as well as in the caudate
nucleus (119, 128). More widespread activation in the
frontostriatal circuit including the putamen, precentral cortex,
posterior insula, and ACC as well as cerebellum, in response to
rewards has been reported as well (123). The processing of
positive feedback and monetary reward has also been
associated with decreased activation in frontal regions and the
posterior cingulate [PCC; (126)]. In addition, the processing of
rewards has been related to increased functional connectivity
between the left PCC and the right ventromedial prefrontal
cortex as well as between left and right PCC (126) and
decreased connectivity between frontal and limbic regions (119).

Other studies using probabilistic learning tasks have
demonstrated increased prediction error-related activation in
the ACC (122, 127) and right putamen (122) during the
omission of expected reward, while the unexpected receipt of
reward has been associated with increased activity in the nucleus
accumbens of patients (127). Studies on performance monitoring
in OCD patients have also consistently shown enhanced
amplitudes of the ERN during the commission of errors [see
(13)], which may also be considered as aversive, negative stimuli
or events. This ERP component has been suggested to represent a
prediction error signal as it is generated in the ACC and likewise
reflects a worse-than-expected outcome [see (136)] that has been
found to scale with the emotional significance of the outcome
[see (137)]. This suggests that increased ERNs in OCD patients
are indicative of an increased affective reactivity to errors.

Despite clear indications for altered emotion experience in
OCD in individual contexts, less is known about the emotional
reactions of individuals with OCD in response to social emotion-
inducing stimuli. Several studies have investigated the experience
of basic emotions in patients with OCD as indexed by their facial
expressions in response to emotion-inducing video clips of social
scenarios (114, 117, 118). Mergl et al. (117) showed that patients
with OCD demonstrated significantly slower initial velocity of
involuntary laughing movements in response to a humorous
movie clip of Mr. Bean. Studies by Bersani et al. (114) and
Valeriani et al. (118) showed video clips of social scenarios to
patients with OCD to elicit specific emotions (amusement, fear,
surprise, anger, sadness, disgust). In both studies, patients with
OCD generally displayed fewer concordant and more discordant
emotions in response to the clips and also showed less facial
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TABLE 4 | Overview of studies investigating emotion experience and emotion regulation in obsessive-compulsive disorder.

Domain Author Methods Participants Comorbid
diagnosis?

Concurrent
medication/

therapy

Task/
questionnaire

Emotions
assessed/

stimulus-type

Diagnosis/
symtom

assessment

Main results

Social emotion experience

Basile
et al. (113)

Case-
control
fMRI

OCD = 13
[37.0 ± 11.1;

10M:3F]
HC = 19 [26.2

± 2.1;
11M:8F]

Comorbid
MDD and ADs
not considered
as exclusion
criteria.

SSRI or tricycles
(n=6). Therapy:
CBT (n=9).

Guilt-
judgement
task

Deontological
guilt, altruistic
guilt, anger,
sadness

DSM-IV-TR
criteria/PI/Y-
BOCS

Compared to HC, OCD
patients felt significantly more
guilt in both the deontological
guilt (p < 0.02) and altruistic
guilt condition (p < 0.009).
When experiencing guilt
compared to nonmoral
emotions (anger and
sadness), patients exhibited
reduced activation in the
ACC, superior and medial
frontal gyri (p < 0.001).

Bersani
et al. (114)

Case-
control
Outpatients

OCD = 10
[40.22 ±

13.49; 5M:5F]
Schizophrenia
= 10 [40.88 ±
12.97; 5M:5F]

HC = 10
[40.20 ±

10.49; 5M:5F]

Comorbid axis
I diagnoses
were
considered
exclusion
criteria.

OCD: clomipramine
(n = 7), fluvoxamine
(n = 4) sertraline
(n = 1), escitalopram
(n = 1), citalopram
(n = 1), valproic acid
(n = 3), gabapentin
(n = 1), alprazolam
(n = 3), lorazepam
(n = 1), and
zolpidem (n = 1).
Schizophrenia:
paliperidone (n = 3),
aripiprazole (n = 4),
olanzapine (n = 1),
quetiapine (n = 1),
clozapine (n = 1),
risperidone (n = 1),
valproic acid (n = 4),
and lithium (n = 1).
Therapy not
reported.

Emotion-
eliciting
videoclip of
social
scenarios
while facial
activity was
videotaped

Amusement,
fear, surprise,
anger,
sadness,
disgust,
neutral

SCID/BPRS/
Y-BOCS

Compared to HC, OCD
patients showed
significantly less
concordant responses
(p=0.004), more
discordant responses
(p=0.003) and less facial
expressions (p < 0.001).
No differences were found
between OCD and
schizophrenia patients.

Fontenelle
et al. (115)

Case-
control
fMRI

OCD = 18
[34.8 ± 11.5;

11M:7F]
HC = 18 [32.4

± 9.2;
11M:7F]

Borderline and
antisocial
personality
disorders,
alcohol or
substance
abuse and
suicidality were
considered as
exclusion
criteria.

Almost all OCD
were medicated
with SSRI, with
the exception of
one with SNRI.
Also with:
antipsychotics
(n=7),
benzodiazepines
(n=6), tricyclic
antidepressant
(n=1), topiramate
(n=1), memantine
(n=1). Therapy not
reported.

Moral
sentiments
association
task

Guilt,
compassion,
anger,
disgust,
neutral

SCID/Y-
BOCS/
DOCS

During guilt provocation,
OCD showed higher
activity in postcentral gyrus
and reduced activity in
angular gyrus compared to
HC (p < 0.005). During
compassion provocation,
OCD showed higher
activity in dorsal anterior
cingulate compared to HC
(p < 0.005). During anger
provocation, OCD showed
higher activity in caudate
nucleus, paracingulate and
precentral gyri, and
reduced activity in angular
gyrus compared to HC (p
< 0.005). During disgust
provocation, OCD showed
higher activity in medial
frontal/paracingulate cortex
and decreased activity in
left NAcc compared to HC
(p < 0.005). The combined
emotion analysis revealed
that OCD showed higher
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TABLE 4 | Continued

Domain Author Methods Participants Comorbid
diagnosis?

Concurrent
medication/

therapy

Task/
questionnaire

Emotions
assessed/

stimulus-type

Diagnosis/
symtom

assessment

Main results

activity in lingual gyrus and
decreased activity in left
NAcc and middle temporal
gyri compared to HC.

Hennig-
Fast et al.

(116)

Case-
control
fMRI

OCD = 20
[31.10 ± 8.58;

10M:10F]
HC = 20

[29.70 ± 4.75;
10M:10F]

None of the
participants
received any
additional
comorbid axis
I diagnoses.

Not reported. Imaginative
emotion-
inducing task

Shame, guilt,
neutral

DSM-IV
criteria/SCID/
Y-BOCS

Patients reported higher
levels of shame and guilt
on the questionnaires
administered, but not
during the experimental
task, compared to HC. In
the shame compared to
neutral condition, OCD
showed increased
activation in bilateral
middle temporal gyrus, left
uncus, left
parahippocampal gyrus
and hypothalamus, and
decreased activation in
middle frontal gyrus and
inferior parietal lobule,
compared to HC (p <
0.001). In the guilt
compared to neutral
condition, OCD showed
increased activation in left
superior frontal gyrus, right
precentral gyrus, bilateral
cingulate gyrus, right
superior temporal gyrus
and right sub-gyral region,
and decreased activation
in left anterior cingulate,
compared to HC (p <
0.001). In the OCD group,
Y-BOCS scores correlated
positively with activation of
left middle, bilateral
superior, left medial frontal
gyri, bilateral
parahippocampal gyrus
and left posterior cingulate,
and negatively with
activation of precuneus
during shame condition. Y-
BOCS scores correlated
positively with activation of
left middle frontal gyrus
and temporo-parietal
junction during guilt
condition.

Mergl et al.
(117)

Case-
control
Outpatients

OCD = 34
[35.8 ± 11.5;
19M:15F]

HC = 34 [37.5
± 13.1;
19M:15F]

Not reported. Studied in
unmedicated state
and after a 10-
week treatment
with the SSRI
sertraline and
semi-standardized
behavioral
therapy.

Emotion-
inducing
(humorous)
videoclip of
Mr. Bean

Laughter Y-BOCS/
CGI

Compared to HC, patients
showed slower initial
velocities of involuntary
facial movements in left
eye (p=0.007), right eye
(p=0.014), left angle of the
mouth (p=0.003) and right
angle of the mouth
(p=0.013). Patients and
HC rated the videoclips as
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TABLE 4 | Continued

Domain Author Methods Participants Comorbid
diagnosis?

Concurrent
medication/

therapy

Task/
questionnaire

Emotions
assessed/

stimulus-type

Diagnosis/
symtom

assessment

Main results

equally humorous,
however the frequency of
laughing reactions was
significantly lower in OCD
(p < 0.001). Higher Y-
BOCS scores were
associated with lower
laughing frequencies
(p=0.011).

Valeriani
et al. (118)

Case-
control
Outpatients

OCD severe =
10 [40.61 ±
6.12; 5M:5F]
OCD mild-
moderate =
11 [37.77 ±
8.21; 5M:6F]
HC = 15
[41.71 ±

12.53; 7M:8F]

Comorbid axis
I diagnoses
were
considered
exclusion
criteria.

Valproate
(severe=6,
mild=3), SSRI
(severe=9,
mild=10),
aripiprazole
(severe=4),
benzodiazepines
(severe=7,
mild=7),
clomipramine
(severe=6,
mild=1).

Emotion-
eliciting
videoclip of
social
scenarios

Surprise, fear,
happy,
disgust,
anger,
sadness

SCID/Y-
BOCS

HC reported more
concordant responses
compared to both severe
(p < 0.01) and mild OCD
(p=0.02). Severe OCD
showed less concordant
facial expressions
compared to mild OCD
(p=0.03) and HC (p <
0.01), and mild OCD
showed less concordant
facial expressions
compared to HC (p <
0.01). Compared to mild,
severe OCD showed
significantly poorer
performance in response
to happiness- and disgust-
eliciting videoclips.

Nonsocial emotion experience

Admon
et al. (119)

Case-
control
Outpatients
fMRI and
DTI

OCD = 13
HC = 13

None of the
participants
met criteria for
additional Axis
I disorders. 3
patients met
criteria for Axis
II cluster A
personality
disorders. 3
patients had a
history of MDD
and 3 of social
phobia.

All patients were
treated with
serotonergic
agents (sertraline,
paroxetine,
escitalopram,
clomipramine), 4
patients received
in addition a low-
dose antipsychotic
agent (risperidone,
haloperidol).
Therapy not
reported.

Interactive
risky choice
game

Threat,
reward

DSM-IV
criteria/
SCID-P/Y-
BOCS

Compared to HC, patients
chose significantly fewer
nonmatch risky choices
(p=0.02). OCD showed
higher activation of the
amygdala in response to
threat (p=0.02) and lower
activation of the NAcc in
response to reward
compared to HC (p=0.02).
Amygdala-dACC (p=0.03)
and NAcc-OFC (p=0.01)
were more weakly
functionally connected in
patients compared to HC,
and stronger functional
connections between
these regions were related
to lower severity of OCD
symptoms.

Choi et al.
(120)

Case-
control
fMRI

PG = 15M
[27.93 ± 3.59]
OCD = 13M
[24.92 ± 6.92]
HC = 15M

[26.60 ± 4.29]

OCD: tic
disorder (n=1),
OC personality
disorder (n=1),
schizotypal
personality
disorder (n=1).

Not reported. Monetary
incentive delay
task

Reward, loss-
avoidance,
neutral

SCID/Y-
BOCS

No statistically significant
differences in BOLD
response between HC and
OCD during anticipation of
gain. During anticipation of
loss, OCD showed
increased activation in the
anterior insula, putamen
and caudate nucleus
compared to HC (p <
0.005 uncorrected).
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TABLE 4 | Continued
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diagnosis?
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Emotions
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stimulus-type

Diagnosis/
symtom
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Main results

Figee et al.
(121)

Case-
control
Outpatients
fMRI

OCD = 18 [34
± 8.3;
5M:13F]

HC = 19 [32 ±
6.6; 6M:13F]

MDD (n=2),
additional
disorders on
Axis I (n=4),
OC personality
disorder (n=2).

SSRI (n=5),
tricyclic
antidepressant
(n=3), combined
noradrenergic and
serotoninergic
antidepressant
(n=1).

Monetary
incentive delay
task

Reward, no
reward

MINI/Y-
BOCS

Compared to HC, OCD
showed reduced activation
of the NAcc (bilateral) and
the left insula during
anticipation of monetary gain
(p < 0.05 corrected). No
statistically significant
correlations were found
between Y-BOCS scores
and BOLD responses during
reward anticipation.

Hauser
et al. (122)

fMRI
Adults and
children

OCD = 33
[23.4 ± 9.5;
21M:12F]

HC = 34 [24.5
± 11.2;
13M:21F]

MDD (n=3),
panic disorder
with
agoraphobia
(n=2), social
phobia (n=4),
specific phobia
(n=4), GAD
(n=2), body
dysmorphic
disorder (n=1),
pain disorder
(n=1), AN (n=2),
ADHD (n=2),
CD (n=1), other
childhood
emotional
disorders (n=2),
chronic tic
disorder (n=1).

SSRI (n=13),
neuroleptics (n=4),
SSNRI (n=3),
benzodiazepine
(n=2), levothyroxin
(n=2), NaSSA
(n=1),
anticholinergics
(n=1), tricyclic
antidepressant
(n=1).

Probabilistic
reversal
learning task

Reward,
punishment

SCID or K-
SADS-PL/Y-
BOCS or
CY-BOCS/
DSM-5
criteria

OCD showed increased
reward prediction error-
related activation in the
ACC and right putamen (p
< 0.05 corrected), also
after controlling for age.
Neither ACC nor putamen
correlated with Y-BOCS
total, obsessions subscale
or compulsion subscale.

Jung et al.
(123)

Case-
control
Outpatients
fMRI

OCD = 20
[25.70 ± 6.99;

13M:7F]
HC = 20

[24.75 ± 3.68;
13M:7F]

Tic disorder
(n=1), OC
personality
disorder (n=2),
schizotypal
personality
disorder (n=1).

Medication-naïve
(n=15),
medication-free for
4 weeks (n=5).

Monetary
incentive delay
task

Gain, loss,
neutral

SCID/Y-
BOCS

During gain anticipation,
there were no statistically
significant differences
between OCD and HC.
During loss anticipation,
OCD showed reduced
activation of lateral PFC
including the superior frontal
cortex and postcentral
cortex, and reduced
activation of anterior insula,
compared to HC (p < 0.001
uncorrected). In the gain
outcome contrast, patients
showed increased activation
of putamen, precentral
cortex, posterior insula, ACC
and cerebellum compared
to HC (p < 0.001). In the
loss avoidance contrast,
patients showed increased
activation of ventral striatal,
midbrain, superior temporal
cortex and inferior parietal
cortex compared to HC (p <
0.001). Ventral striatal
activation in patients was
significantly correlated with
Y-BOCS (p=0.045).
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Diagnosis/
symtom
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Main results

Jung et al.
(124)

Case-
control
Outpatients
Functional
connectivity
analysis

OCD = 19
[25.84 ± 7.15;

12M:7F]
HC = 18

[24.83 ± 3.88;
11M:7F]

Not reported. Medication-naïve
(n=15),
medication-free for
4 weeks (n=4).

Monetary
incentive delay
task

Gain, loss,
neutral

SCID During gain anticipation,
OCD showed increased
functional connectivity of
the NAcc with the
posterior insula and
occipital regions, and
reduced functional
connectivity of the NAcc
with the left amygdala
positioned adjacent to the
anterior insula, middle
frontal cortex and midbrain
(p < 0.01 corrected).
During loss anticipation,
OCD showed increased
functional connectivity of
the NAcc with the occipital
cortex and reduced
functional connectivity of
the NAcc with the bilateral
amygdala compared to HC
(p < 0.01 corrected). OCD
patients' overall symptom
severity was positively
correlated with functional
connectivity between NAcc
and medial OFC and
negatively correlated with
functional connectivity
between NAcc and lateral
OFC (p < 0.001).

Kaufmann
et al. (125)

Case-
control
Outpatients
fMRI

OCD = 19
[34.8 ± 11.0;

8M:11F]
HC = 19 [34.9

± 11.8;
8M:11F]

Affective
disorder (n=7),
phobic
disorders
(n=3), impulse
control
disorder (n=1),
personality
disorder (n=3).

Clomipramine
(n=1), venlafaxine
(n=1),
clomipramine +
paroxetine (n=1).
None of the
patients took
benzodiazepines
within 4 weeks
before the
scanning session.
Patients were
currently under
treatment (CBT).

Monetary
incentive delay
task

Reward, loss-
avoidance,
neutral

DSM-IV
criteria/SCID/
Y-BOCS/
OCI-R

OCD showed fewer delayed
responses in loss-avoidance
than in reward trails,
whereas the opposite was
true in HC (p=0.05). No
statistically significant
differences were found in
activation of brain regions of
the reward circuitry between
HC and OCD. Patients
showed higher activation of
superior/medial frontal and
cingulate region in loss-
avoidance condition
compared to HC, but less
activation in reward
condition (p=0.018). Y-
BOCS ratings did not
correlate with BOLD
responses.

Koch et al.
(126)

Case-
control
fMRI

OCD = 44
[32.7 ± 9.3;
17M:27F]

HC = 37 [32.0
± 8.0;

15M:22F]

MDD (n=16),
AD (n=1),
MDD + AD
(n=5),
personality
disorder (n=2),
impulse
control (n=1).

SSRI (n=20), SNRI
(n=4), tricyclic
antidepressant
(n=4),
benzodiazepines
(n=1), atypical
antipsychotic
(n=1). Therapy not
reported.

Monetary
reward task

Reward,
punishment

DSM-IV
criteria/Y-
BOCS

No activation differences
between HC and OCD in
punishment trials. In reward
trials, patients showed
reduced activation in the
frontal cortex bilaterally and
the posterior cingulate
extending into the left
precuneus (p < 0.05
corrected). Patients showed a
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TABLE 4 | Continued
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stimulus-type

Diagnosis/
symtom
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Main results

significantly increased
connectivity between the left
PCC/precuneus and the left
vmPFC and the right PCC,
compared to HC (p < 0.05
corrected). No significant
correlation between Y-BOCS
and connectivity patterns were
found.

Murray
et al. (127)

Case-
control
fMRI

OCD = 18
[35.6 ± 10.1;

11M:7F]
HC = 18 [32.1

± 6.5;
15M:3F]

Comorbid axis
I diagnoses
were
considered
exclusion
criteria.

Most patients
were taking
SSRIs.

Probabilistic
learning task

Reward,
punishment,
neutral

DSM-IV-TR
criteria/SCID

During negative prediction
error processing, OCD
showed higher activation of
ACC compared to HC
(p=0.006). During positive
prediction error processing,
OCD showed increased
activation of NAcc compared
to HC (p=0.031). There were
no correlations between Y-
BOCS scores and either
ACC or NAcc activation.

Remijnse
et al. (128)

fMRI OCD = 20 [34
(19-54);
5M:15F]

HC = 27 [32
(22-53);
8M:19F]

PTSD (n=1),
panic disorder
(n=2), GAD
(n=4), SAD
(n=4), opioid
abuse in
sustained full
remission (n=1),
Tourette
disorder (n=1).

Patients were free
from psychotropic
medication for at
least 2 weeks,
and in case of
fluoxetine or
antipsychotic
medication for at
least 1 month.

Probabilistic
reversal
learning task

Positive,
negative,
neutral
feedback

SCID/Y-
BOCS/PI-R

Compared to HC, OCD
patients showed reduced
activation of in lateral and
medial orbitofrontal cortex
(ps < 0.005) during reward
processing.

Riesel
et al. (13)

Meta-
analysis
EEG

OCD = 1007
HC = 1100

Not reported. Not reported. Performance
monitoring
tasks

Not
applicable.

Y-BOCS Compared to HC, patients
showed a robust increase of
ERN in conflict-response
tasks (p < 0.001), that was
not modulated by symptom
severity, depressive
symptoms, medication and
age.

Thorsen
et al. (129)

Meta-
analysis
Case-
control
fMRI, PET
or SPECT

OCD = 571
[33.44 ± 5.91]
HC = 564
54.35% of

subjects were
males

Comorbidities:
anxiety and
mood
disorders in
some studies.

68% of studies
included
medicated
patients. Studies
with treated
patients were
excluded.

Emotional
processing
tasks

E.g., fear,
disgust,
neutral,
distress,
urges to
ritualize

Y-BOCS Compared to HC, patients
showed significantly
increased activation in the
right OFC extending into
the sgACC and vmPFC,
right putamen, bilateral
amygdala, left inferior
occipital gyrus, and right
middle temporal gyrus
during emotional
processing, across all
paradigms (p < 0.005).
The percentage of patients
using medication
correlated negatively with
activation in the right
amygdala and left inferior
occipital gyrus in patients
compared to HC (p <
0.005). Patients with higher
symptom severity showed
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significantly increased
activation in the right
rostral sgACC, the left
medial prefrontal cortex
and the right precuneus (p
< 0.005). Studies with a
higher rate of comorbidity
with anxiety and mood
disorders also found more
pronounced activation in
the right putamen,
amygdala, and insula as
well as decreased
activation in the left
amygdala and right vmPFC
in patients compared with
HC (p < 0.005).

Emotion Regulation

De Wit
et al. (130)

Case-
control
fMRI

OCD = 43
[38.4 ± 10.0;
21M:22F]

HC = 38 [39.6
± 11.4;
18M:20F]

Current or
past psychosis
was
considered as
exclusion
criteria. 56% of
patients met
criteria for
current
comorbid Axis
I diagnosis.

Medication-free for
at least 4 weeks.
Therapy not
reported.

Emotion
regulation task
+ ERQ

Fear, neutral,
OCD-related

SCID/Y-
BOCS/PI

Compared to HC, patients
showed higher distress
ratings for fear and OCD-
related stimuli (p < 0.001).
HC and OCD did not differ
in fear regulation, but
patients had a significantly
larger regulation effect on
OCD-related stimuli (p <
0.01). In patients, Y-BOCS
score correlated with ERQ
reappraisal (p=0.001).
During emotion
provocation patients
compared with HC
showed an increased
amplitude and/or altered
timing of the BOLD
response in the right
amygdala (pFWE-

SVC=0.004) and occipital
cortex at the uncorrected
level. During emotion
regulation, patients
showed decreased activity
in left dlPFC (pFWE-

SVC=0.009) in fear
regulation, and increased
dmPFC activity (pFWE-

SVC=0.001) in OCD-related
regulation. In patients
regulation success did not
correlate with brain activity.
Disease severity correlated
inversely with regulation-
related activity in bilateral
dmPFC (pFWE-SVC=0.002)
and thalamus (pFWE-

SVC=0.04).
Fernández
de la Cruz
et al. (131)

Case-
control
Outpatients

HD = 24
HD + OCD =

19

Psychosis,
bipolar I
disorder or

Not reported. DERS Not
applicable.

MINI/DY-
BOCS/OCI-
R

All three clinical groups
obtained higher scores on
the DERS compared with
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OCD = 17
HC = 20

substance
abuse were
considered as
exclusion
criteria.

HC (p < 0.001). Patients
obtained higher scores in
the domains
‘nonacceptance of
emotional responses',
‘impulse control
difficulties', ‘limited access
to strategies for regulation'
and ‘lack of emotional
clarity' compared with HC
(p < 0.05). In the entire
clinical sample there were
significant positive
correlations between
measures of OCD and
DERS (p < 0.001).

Fink et al.
(132)

Case-
control

C-OCD = 30
[33.27 ±
11.39;

13M:17F]
HC = 30 [32.8

± 11.9;
13M:17F]

Tic disorder,
psychotic or
bipolar
disorder, and
substance
abuse were
considered as
exclusion
criteria.
Comorbidities:
MDD (n=4),
MDD with
partial
remission
(n=7),
dysthymia
(n=1), panic
disorder (n=1).

SSRI (n=12), SNRI
(n=2), tricyclic
antidepressant
(n=4). Therapy:
outpatient
treatment (n=1),
inpatient treatment
(n=28).

ERQ Disgust DSM-IV
criteria/Y-
BOCS/SCID

Compared to HC, patients
scored significantly lower
on ERQ subscale cognitive
reappraisal (p < 0.001) and
significantly higher on
expressive suppression
(p=0.001).

Paul et al.
(133)

Case-
control
Outpatients
EEG

OCD = 24
[31.7 ± 9.1;
11M:13F]

HC = 24 [31.2
± 8.2;

11M:13F]

Presence of
comorbid
disorders other
than anxiety or
Axis II
disorders
(apart from
borderline
personality
disorder) was
considered as
exclusion
criteria.
Comorbidities:
agoraphobia
with panic
disorder (n=1),
specific phobia
(n=1), social
phobia (n=1),
adjustment
disorder (n=1),
OC personality
disorder (n=2).

SSRI (n=9).
Therapy: CBT
(n=9).

ERQ and
CERQ +
emotion
regulation task

Aversive,
OCD-related,
neutral

Y-BOCS/Y-
BOCS
Symptom
Checklist/
OCI-R

Patients scored
significantly lower in the
CERQ subscale positive
refocusing (p < 0.001) and
in the ERQ subscale
reappraisal (p < 0.001),
and higher in the CERQ
subscale catastrophizing
(p=0.001) than HC. OCD
showed a significant LPP
enhancement for OCD-
related relative to neutral
pictures (p=0.003), which
was not present in HC.
While HC showed
significantly reduced LPP
amplitudes during both
distraction and reappraisal,
patients showed a LPP
reduction during distraction
at trend level (p=0.08), but
no significant LPP
attenuation during
reappraisal (p > 0.99).

Picò-Pérez
et al. (134)

Case-
control

OCD = 73
[37.74 ±
10.19;

MDD (n=10),
GAD (n=3),
eating disorder

Fluoxetine (n=13),
escitalopram
(n=5), sertraline

ERQ Not
applicable.

Y-BOCS OCD scored significantly
higher in suppression (p <
0.005) and lower in
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mimicry of emotions than healthy controls. These responses
were similar to those of patients with schizophrenia (114) and
the expression of happiness and disgust was especially poor in
those with severe compared to mild-to-moderate OCD
symptoms (118). Together, these studies indicate that
individuals with OCD show less facial expressivity and less
Frontiers in Psychiatry | www.frontiersin.org 27
appropriate emotional experiences in response to social
scenarios eliciting various basic emotions.

Some other studies have focused on social stimuli inducing
more complex emotional responses, specifically the subjective
experience and neural processing of guilt and shame, two
inherently-social emotions, elicited by depicted scenarios of
TABLE 4 | Continued

Domain Author Methods Participants Comorbid
diagnosis?

Concurrent
medication/

therapy

Task/
questionnaire

Emotions
assessed/

stimulus-type

Diagnosis/
symtom

assessment

Main results

Resting-
state fMRI

43M:30F]
HC = 42

[39.43 ± 9.79;
22M:20F]

(n=3), tics
(n=3), panic
disorder (n=2),
dysthymia
(n=2), OC
personality
disorder (n=2),
ADHD (n=1),
agoraphobia
(n=1),
gambling
disorder (n=1).

(n=3), fluvoxamine
(n=2), paroxetine
(n=1),
clomipramine
(n=8), SSRI +
clomipramine
(n=12), SSRIs
combinations
(n=1),
antipsychotic
augmentations
(n=22).

reappraisal (p < 0.0005)
compared to HC.
Compared to patients, HC
showed higher connectivity
between the right
amygdala and the right
postcentral gyrus (p < 0.05
FWE-cluster corrected).
The connectivity between
these two regions was
significantly correlated with
Y-BOCS scores in the
patient group (p=0.009). In
the OCD group there was
a negative association
between suppression and
functional connectivity
between the left amygdala
and the precuneus and the
bilateral angular gyri (p <
0.05 FEW-cluster
corrected).

Yap et al.
(135)

Case-
control

OCD = 59
[32.88 ±
10.45;

26M:33F]; HC
= 59 [32.81 ±

10.34;
26M:33F]

More than one
comorbid
condition
(n=11),
depressive
disorders
(n=28), AD
(n=15),
hoarding
disorder (n=2),
bipolar
disorder (n=2),
autism (n=2),
schizoaffective
disorder (n=1),
alcohol use
disorder (n=1).

Not reported. DERS Not
applicable.

DOCS/DSM-
5 criteria/Y-
BOCS

OCD scored significantly
higher on DERS total (p <
0.001) and subscales of
nonacceptance (p=0.014),
goals (p < 0.001), impulse
control (p=0.007) and
strategies (p < 0.001),
compared to HC.
Significant group
differences were found
also for DERS-aware
(p=0.004) and DERS-
clarity (p < 0.001), but
these differences did not
remain significant after
controlling for depression
and anxiety. There were no
significant associations
between any DERS
subscale and Y-BOCS.
March 202
OCD, obsessive-compulsive disorder; HC, healthy controls; SSRI, selective serotonin reuptake inhibitor; CBT, cognitive-behavioral therapy; MDD, major depressive disorder; AD, anxiety
disorder; DSM, Diagnostic and Statistical Manual of Mental Disorders; PI, Padua Inventory; Y-BOCS, Yale-Brown Obsessive Compulsive Scale; SCID, Structured Clinical Interview for
DSM Axis I Disorders; BPRS, Brief Psychiatric Rating Scale; OCI-R, Obsessive-Compulsive Inventory Revised; DASS, Depression Anxiety Stress Scale; DOCS, Dimensional Obsessive-
Compulsive Scale; SNRI, serotonin norepinephrine reuptake inhibitor; NAcc, nucleus accumbens; CGI, Clinical Global Impressions severity and improvement scores; MOCI, Maudsley
Obsessive-Compulsive Inventory; ADIS-R, Anxiety Disorders Interview Schedule Revised; ERN, error-related negativity; sgACC, subgenual anterior cingulate cortex; vmPFC, ventromedial
prefrontal cortex; OFC, orbitofrontal cortex; MINI, Mini International Neuropsychiatric Interview; DY-BOCS, Dimensional Yale-Brown Obsessive Compulsive Scale; DERS, Difficulties in
Emotion Regulation Scale; ERQ, Emotion Regulation Questionnaire; dlPFC, dorsolateral prefrontal cortex; dmPFC, dorsomedial prefrontral cortex; C-OCD, contamination-related subtype
of OCD; ERC, Emotion Regulation Checklist; CERQ, Cognitive Emotion Regulation Questionnaire; LPP, late positive potential; GAD, generalized anxiety disorder; ADHD, attention deficit
hyperactivity disorder; NDRI, norepinephrine-dopamine reuptake inhibitor; PG, pathological gambling; SSNRI, selective serotoninergic and noradrenergic reuptake inhibitors; NaSSA,
noradrenergic and specific serotoninergic antidepressants; AN, anorexia nervosa; CD, conduct disorder; PFC, prefrontal cortex; BOLD, blood oxygenation level dependent; SAD, social
anxiety disorder; PTSD, post-traumatic stress disorder; Dacc, dorsal anterior cingulate cortex.
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moral transgressions. In a study by Basile, Mancini, Macaluso,
Caltagirone, and Bozzali (113), patients with OCD reported to
experience more guilt than controls while processing guilt-
inducing sentences, especially for sentences indicating guilt
derived from transgressing an inner moral rule (deontological
guilt) compared to altruistic guilt, which is defined as guilt of
having disregarded a personal altruistic goal. The experience of
guilt versus nonmoral, basic emotions (anger and sadness) was
accompanied by reduced activation in the ACC extending to
superior/medial frontal gyrus. According to the authors, the
increased rather than decreased activity in this region
previously associated with the experience of guilt could be
explained by cerebral efficiency, as feelings of guilt are more
frequently experienced in patients with OCD. In a comparable
task, patients with OCD showed higher activation than controls
in various regions including the superior frontal- and precentral
gyrus, cingulate gyrus, superior temporal gyrus and decreased
activation in anterior cingulate while processing guilt-inducing
compared to neutral sentences (116). Symptom severity (Y-
BOCS) was positively associated with activation of left middle
frontal gyrus and temporo-parietal junction during the
experience of guilt. Shame on the other hand was associated
with increased activation in the uncus, parahippocampal gyrus,
and middle temporal gyrus, as well as the hypothalamus, and
decreased activity in the middle frontal gyrus and inferior
parietal lobe in patients compared to controls. Thus, the
authors showed that the experience of shame and guilt was
associated with increased reactivity in a widespread neural
network. On the behavioral level, patients did not report to
experience more guilt and shame in the experimental task,
although self-report questionnaires did demonstrate generally
higher levels of guilt and shame in patients, which the authors
suggest may indicate an increased sensitivity to social norms.
Fontenelle et al. (115) used multivariate pattern analysis to
identify brain regions that discriminate OCD patients from
controls across different moral emotions evoked while reading
different scripts. They showed that several brain regions
including the nucleus accumbens, lingual gyrus, and middle
temporal gyrus, were able to discriminate patients from
controls across distinct moral emotions (guilt, compassion,
anger, and disgust). Together, these studies suggest that
patients with OCD tend to experience more guilt in response
to (moral) emotion-evoking stimuli (113), and show altered
neural processing of such stimuli (113, 115, 116).

Emotion Regulation
Several studies have investigated emotion regulation skills in
OCD, all of which are limited to nonsocial contexts. These
studies have largely focused on self-report or observer-reported
measures, such as the Emotion Regulation Questionnaire [ERQ;
(138)]. The ERQ focuses specifically on cognitive reappraisal,
which refers to the tendency to change the interpretation of an
emotion-eliciting situation so that it diminishes its negative
impact, and expressive suppression, which refers to a more
maladaptive emotion regulation strategy that consists of the
Frontiers in Psychiatry | www.frontiersin.org 28
inhibition of emotion-expressive behavior. Fink, Pflugradt,
Stierle, and Exner (132) and Picó-Pérez et al. (134) showed
that OCD patients make less use of reappraisal and more use of
suppression techniques. Picó-Pérez and colleagues additionally
demonstrated using resting-state functional connectivity
analyses with the left and right amygdala as seed regions, that
within patients, suppression was negatively related to
connectivity between the left amygdala, the precuneus and the
bilateral angular gyri. These findings thus suggest that impaired
parietolimbic connectivity may be associated with the
preferential use of maladaptive emotion regulation techniques.

Other studies likewise demonstrated self-reported emotion
regulation impairments in OCD patients using the Difficulties in
Emotion Regulation Scale (DERS), a questionnaire that focuses
not only on the modulation of emotions but also more generally
on the awareness, understanding, and acceptance of emotions
(139). The DERS consist of six subscales: (1) nonacceptance of
emotional responses; (2) difficulty engaging in goal-directed
behavior when distressed; (3) impulse control difficulties when
distressed; (4) lack of awareness of emotions; (5) limited access to
(adaptive) strategies for regulation; and (6) lack of emotional
clarity. Fernández de la Cruz et al. (131) showed that patients
compared to controls had significantly higher scores on all
subscales except for the “lack of emotional awareness scale.”
Similarly, Yap et al. (135) found that OCD patients scored
significantly higher than controls on all DERS subscales, and
group differences remained significant after correcting for
depression and anxiety on all scales except for the lack of
emotional awareness and emotional clarity scales. These
findings indicate that patients with OCD have difficulties
regulating their emotions, specifically expressed in the
tendency to show a nonacceptance of emotions, experienced
difficulties in goal-directed behavior and impulse control when
distressed, and the use of maladaptive regulation strategies.
Additionally, these difficulties seem at least partly independent
of more general depressive or anxious symptoms.

Two studies employed emotion-provocation paradigms to
assess the neural correlates of emotion regulation in patients, and
indicate that patients show altered neural activity during
emotion regulation (130, 133). In an fMRI study by De Wit
et al. (130), patients and controls viewed general- and disorder-
specific emotion-provoking stimuli, and were instructed to either
attend these stimuli or to regulate their emotions through
cognitive reappraisal. OCD patients gave higher ratings of
distress after viewing emotion-provoking stimuli, which was
accompanied by amygdala-hyper responsiveness, but
comparable distress reduction as control after instructed
emotion regulation. During emotion regulation, OCD patients
showed diminished left dorsolateral prefrontal cortex activity
and increased left dorsomedial prefrontal activity compared to
controls, which may indicate the use of alternative or
compensatory emotion regulation mechanisms. They also
showed less frontal-amygdala connectivity than controls, which
the authors proposed may be reflective of a generally diminished
ability to effectively regulate pathological anxiety. Using a similar
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task, Paul et al. (133) assessed the electrophysiological correlates
of emotion regulation. Compared to controls, OCD patients had
higher arousal ratings after viewing symptom-provoking stimuli
as well as enhanced amplitudes of an event-related potential
called the late positive potential (LPP) while viewing these
images. The LPP is thought to reflect facilitated attention to
emotional stimuli, and has been found to be modulated by
emotion regulation strategies (140). Indeed, healthy controls
showed reduced LPP amplitudes after instructed emotion
regulation. However, patients with OCD did not show a
reduction in the LPP during cognitive reappraisal, despite the
fact that subjective arousal ratings were successfully reduced.
Self-reported emotion regulation skills were also assessed, using
the ERQ and the Cognitive Emotion Regulation Questionnaire
[CERQ; (141)]. The CERQ focusses on cognitive (i.e., explicit)
emotion regulation strategies, and consists of nine different
scales, of which four focus on more maladaptive or
dysfunctional strategies (self-blame, focusing on thought/
rumination, catastrophizing, blaming others), and of which five
are thought to represent somewhat more adaptive methods
(acceptance, positive refocusing, refocus on planning, positive
reappraisal, putting in perspective). Here too, patients indicated
poorer self-reported emotion regulation skills as indicated by
lower scores on the reappraisal subscale of the ERQ as well as
lower scores on the positive refocusing subscale and higher
scores on the catastrophizing subscale of the CERQ.
Frontiers in Psychiatry | www.frontiersin.org 29
Section Summary and Discussion:
Emotion Experience and Regulation
Research clearly indicates that the experience of emotions in
patients with OCD is altered. Patients with OCD show
heightened affective reactivity and altered neural processing of
various emotion-inducing and emotion-provoking stimuli, show
decreased neural sensitivity to reward and heightened
(prediction) error responses. Less is known about emotion
experience in social contexts. Some studies indicate that
patients show less appropriate emotional experiences and facial
expressivity in response to emotion-inducing social scenarios.
These studies may for example suggest that patients with OCD
experience less emotional contagion, which is the automatic
mimicking and synchronizing of facial expressions,
vocalizations, postures, and movements with others leading to
similar emotions (100). Alternatively, it has also been put
forward that these incongruent responses could reflect an
increased effort to suppress or resist unpleasant emotions (142)
and may therefore reflect emotion regulation attempts. Yet, still
alternative explanations are possible. The use of medication such
as antidepressants has for example been associated with
alterations in emotion experience, such as emotional blunting
(143). The impact of different kinds of medications should
therefore be explored further. Nevertheless, these studies
suggest that observable basic emotional responses to various
social situations are disturbed in OCD. Additionally, studies have
FIGURE 1 | Schematic overview of social cognitive alterations in obsessive-compulsive disorder with regard to the domains discussed in the current review, based
on Green et al. (4). These domains can be divided in intrapersonal and interpersonal domains. Much research has been conducted on the intrapersonal domain,
providing strong evidence from neuroimaging studies for altered emotion experience and impaired emotion regulation. Evidence with regard to the interpersonal
domain however is limited and less consistent. Affective cue perception is likely impaired, specifically with regard to the recognition of facial expressions of disgust.
Similarly, there is evidence for theory-of-mind (ToM) impairments especially with regard to higher-order inferences. There is also some evidence for impaired
perception of nonaffective cues, although research is scarce. Studies on experience sharing are lacking, though there are some indirect indications that these
domains may be affected as well.
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indicated that patients experience increased levels of more
complex social emotions such as guilt and altered neural
processing of various moral emotions compared to healthy
controls, which seems in line with theories of OCD that
highlight the role of responsibility, guilt and shame in the
etiology of the disorder. For example, the cognitive theory of
OCD suggests that patients misinterpret intrusive thoughts as
indicating that they are responsible for preventing harm coming
to others or oneself, which in turn triggers actions such as
compulsions to prevent feared events (144). Similarly, it has
been argued that patients are characterized by a fear of guilt
resulting from behaving irresponsibly and/or from not behaving
responsibly, which in turn triggers compulsive symptoms (145).

Many studies additionally show that OCD patients employ
more maladaptive emotion regulation skills, and that these
effects seem largely independent of comorbid depression and
anxiety levels. There is also evidence for altered neural activity
during emotion regulation in patients (130, 133), which may
point to the use of compensatory or (inefficient) alternative
emotion regulation strategies.

To conclude, studies indicate that patients with OCD are
characterized by increased emotional reactivity and poor
emotion regulation abilities. These emotional disturbances may
be triggered by external factors or stimuli, such as in the studies
discussed. However, patients with OCD often also experience
emotions that are not specifically triggered by the social context
but which are rather elicited by more internal processes such as
obsessive thoughts. If patients are unable to effectively regulate
these emotions, this will unequivocally impact how individuals
with OCD interact with their environment. Yet, currently,
research on the experience and regulation of emotions in
various social contexts is still lacking.
DISCUSSION

In the current review, we aimed to offer an overview of the
relation between social cognition in patients with OCD. Overall,
these studies indicate that patients are characterized by social
cognitive alterations in almost all domains suggested by Green
et al. (4). Evidence indicates that OCD patients show deficits in
the perception of social cues, specifically with regard to the
recognition of facial expressions of disgust, and also show altered
neural processing of facial emotions. There are also indications
that patients are characterized by deficits in nonaffective social
cues, such as deficits in the recognition and perception of
nonaffective social cues, such as biological motion and body
poses implying action in OCD patients. However, studies in this
domain are scarce and may be subjected to publication bias.
Furthermore, there is support for deficient ToM or mentalizing
abilities in patients with OCD, which may be particularly
pronounced in those with poor illness insight. Studies on
motor resonance and affect sharing OCD are lacking. Impaired
imitation of other's actions has been reported, which, together
with observed deficits in the perception of biological motion or
action, may point to deficient motor resonance and impaired
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functioning of the MNS, yet this remains to be investigated.
Additionally, self-report studies indicate that patients with OCD
experience increased empathic distress when confronted with the
distress of others, or similar emotional congruence, suggesting
that affect sharing is intact, and possibly exaggerated. On a more
intrapersonal level, there is convincing evidence that patients
with OCD show heightened affective and altered neural reactivity
to emotional stimuli, and have poor emotion regulation skills,
which may also have important repercussions for social
interactions. Following the example of Green et al. (4),
Figure 1 provides a schematic overview of the social cognitive
disturbances in OCD as discussed in this review. A word of
caution is necessary however, as findings are inconsistent and
many social cognitive domains remain underexplored, which
makes it difficult to draw firm conclusions with regard to a social
cognitive profile associated with obsessive-compulsive
symptomatology. It should also be noted here that the current
review addressed only a limited range of domains relevant for
daily-life social functioning, and there may be many more
processes relevant to OCD that could affect social functioning.
However, in this review we decided to focus specifically on the
domains as demarcated by Green et al. (4).

Nevertheless, the social cognitive deficits that were found may
in part explain why patients with OCD experience such poor
quality of life on social domains. Problems in the ability to
recognize basic social cues such as facial expressions and
biological motion and the ability to understand more advanced
mental states carry obvious implications for social functioning,
as these abilities are critical in order to navigate the social
environment in an adaptive manner. The current review
additionally demonstrated that on a more intrapersonal level,
patients with OCD are characterized by heightened emotional
and neural reactivity as well as by problems in emotion
regulation, which may directly contribute to the development
and maintenance of obsessions and compulsions [see, e.g.,
(111)], but which may also importantly hinder the enjoyment
of social relations and contribute to maladaptive social behavior.
For example, the elevated scores on empathic personal distress
indicate that patients with OCD also display a heightened
emotional reactivity to social stimuli and situations. Indeed,
emotion regulation is critical in order to show adaptive
empathic or prosocial reactions to experiences of others and is
thus considered a critical component of relationship formation
and maintenance. Given that emotions are often regulated with
the goal of influencing social situations and interaction partners
within a social context (146), regulation of emotions in a social
context is arguably much more complex than when one does not
have to deal with this context. Until now, however, the
experience and regulation of emotions has mainly been
investigated in nonsocial contexts. This is surprising as the
social context can be an important source of emotions. This
seems particularly true for individuals with OCD, who
experience difficulties in managing their daily lives due to the
invalidating and time-consuming nature of their symptoms. This
can also put a huge strain or burden on family members and
loved ones, who sometimes engage in symptom accommodation
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in order to help patients with their anxiety and/or in order to
avoid conflict, which may in turn contribute to worsening of
symptoms [e.g., (147)]. Perceived or experienced stigmatization
may likewise represent an important social trigger of feelings of
shame or embarrassment (148). Additionally, there is evidence
indicating that the obsessions and compulsions from which
patients with OCD suffer often have a social component in
itself. Patients with OCD often show increased feelings of
responsibility or guilt for how their actions may affect others
(149). They might for example have intrusions about hurting
someone they love, resulting in feelings of guilt and avoidance of
this loved one to prevent harm. Moreover, patients might be
afraid that something bad will happen to a loved one if a certain
ritual is not carried out, even though they recognize the
irrationality of this behavior. The cognitive theory of OCD
highlights this inflated sense of responsibility for other's harm
as it suggests that patients misinterpret intrusive thoughts as
indicating that they are responsible for preventing harm coming
to others or oneself, which in turn triggers actions such as
compulsions to prevent feared events (144). Importantly, these
symptoms are thought to form an important obstacle for
enjoyable and successful social interactions. Moreover, anxiety
or distress triggered by symptoms itself rather than the social
context, can also impact how patients deal with their social
environment if patients are unable to effectively regulate these
emotions. Extending investigations on the symptomatology of
OCD from an individual to a social context is therefore highly
important for future investigations as it may importantly
contribute to our understanding of the symptomatology and
social difficulties in daily life of patients.

The fact that several individual studies do not indicate any
social cognitive deficits, such as facial emotion recognition and
ToM impairments, suggests that these deficits may only be
present or are more pronounced in a specific subset of
patients, although in some cases statistical power may also play
a role. An important target for future studies is therefore to
unravel which characteristics of patients are associated with
poorer social cognitive functioning. A promising factor in this
respect is level of illness insight of patients, as several studies
show deficient ToM abilities only in those with less insight (73,
75, 80). However, the role of factors related to poor insight, such
as increased comorbidity with schizophrenia, or poorer overall
cognitive, emotional or intellectual functioning, needs to be
investigated as well. Deficits in more general cognitive abilities
often found in patients with OCD may also contribute to social
cognitive difficulties. For example, cognitive skills such as
reasoning and problem solving are thought to be necessary in
order to make accurate ToM inferences, and impairments herein
may thus also affect social cognitive processes (14). It is therefore
possible that ToM impairments in OCD patients are primarily an
indirect result of more prominent deficits in general cognitive
abilities. Relatedly, medication or treatment status may also help
explain incongruent findings. Studies by Lochner et al. (45) and
Rector et al. (49) indicate that medication or psychological
treatment might affect (i.e. improve) the ability to recognize
facial expressions of disgust, as these studies showed higher
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recognition scores after SSRI and CBT treatment. Yet, many
studies including OCD patients did not report whether they were
receiving any concurrent medications or treatment, and it is
currently unknown how different types of medication may
impact emotion recognition. The use of medication could also
affect other social cognitive processes, as antidepressants are for
example known to have an effect on more general cognitive
functioning, such as attention, executive functioning and
memory (150). These results stress the importance of taking
treatment status into account when assessing emotion
recognition as well as social cognitive skills in general. Lastly,
given that OCD is a heterogeneous disorder with many different
manifestations, different subtypes may be associated with
different social cognitive profiles. Yet, current investigations of
subdimensions have been rather inconclusive. This may be
explained by the fact that these studies have been largely
limited to small samples and a focus on overt symptoms (e.g.,
checking or cleaning) of the disorder rather than on underlying
reasons for these behaviors. Importantly, underlying
motivational dimensions such as “harm avoidance” and
“incompleteness” may be a more fruitful approach to clarify
heterogeneous findings in OCD (151). Whereas “harm
avoidance” seems to represent a more anxiety-focused
motivation to prevent harm, “incompleteness” refers to a more
sensory-affective motivation where individuals feel that actions
are incompletely achieved that are more closely related to
perfectionism and obsessive-compulsive spectrum disorders.
Such motivational and orthogonal dimensions of OCD might
represent a more valuable approach to explain social cognitive
heterogeneity than more categorical, behaviorally driven subtype
characterizations. In summary, important moderating factors
that might help unravel heterogeneity in findings include level of
illness insight, comorbidities (e.g., schizophrenia, depression),
nonsocial neurocognitive functioning, medication or treatment
status, and symptom dimensions.

Besides characteristics related to patients, characteristics of
the tasks may also contribute to the inconsistencies in results. A
wide variety of different tasks have been used to assess the same
social cognitive domain, which makes comparison across studies
difficult. For example, emotion recognition tasks differed with
regard to the nature of the expressions (e.g., static versus
morphed), the stimuli set, and the specific task instructions
(e.g., labelling versus matching). The number of trials
presented also varied considerably. For example, Kornreich
et al. (43) presented only 12 trials with facial expressions
whereas Jhung et al. (42) and Kang et al. (103) presented as
much as 360 trials. Factors like this not only limit the
comparability of results between studies but also raise
questions with regard to the validity and reliability of the tasks
employed. More standardized test batteries are needed to draw
out a clear social cognitive profile across the various subdomains
of social cognition, which will allow for better comparisons
across studies and disorders.

While it has been shown that several social cognitive tasks,
especially assessments of ToM, have high test-retest or interrater
reliability [see, e.g., (152)], the extent to which impairments on
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the various social cognitive tasks that OCD patients exhibit are
valid indications of social cognitive problems in daily life is
currently unclear. Notably, effect sizes for disgust recognition
deficits in OCD patients were much smaller for tasks employing
morphed compared to static facial expressions (41), whereas the
first can be seen as the most ecologically valid and subtle
assessment of emotion recognition. Furthermore, many tasks
focus on a specific aspect of social cognition (e.g., the ability to
identify emotions from either facial expression or vocal or
narrative information), whereas in real life individuals need to
integrate all these different modalities (e.g., facial, bodily,
paralinguistic, auditory and contextual cues) to make sense of
others and to function in a socially appropriate way. Only one
study used such a multimodal task in OCD patients (74).
Interestingly, this study showed no differences in performance
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between patients and healthy controls. On the one hand, the
integration of different processes or modalities may result in
higher complexity and cognitive load, such as during higher-
order ToM inferences. On the other hand, it possible that the
availability of cues from multiple modalities helps compensate
for deficits in specific modalities, due to an increased richness of
the environment. There are several other multimodal tasks
available [see, e.g., (152)], which could help assess social
cognitive functioning in a more ecologically valid manner.

The extent to which observed social cognitive deficits are
specific to OCD or can be seen as more transdiagnostic deficits
that contribute to psychopathology in general should also be
investigated in more detail. For example, a recent meta-analysis
of 30 different clinical disorders demonstrated social cognitive
deficits across practically all these disorders (153). A more
FIGURE 2 | Overview of symptoms and processes of obsessive-compulsive disorder discussed in this review (A), from an individual context via a social
observational and finally toward an interactive context, as well as hypothesized brain regions primarily implicated in these social alterations based on the current
review (B). Increased activity in the anterior cingulate cortex and insula in patients has been reported during the processing of the negative or aversive stimuli, as well
as during negative prediction errors and error processing more generally. Reduced responsiveness of the striatum (specifically nucleus accumbens) has been
demonstrated during the processing of positive prediction errors and rewards. Altered amygdala activity has been reported during the processing of emotional stimuli
and fearful or threatening facial expressions. Reduced activation of the dorsolateral prefrontal cortex has been observed during emotion regulation. Although studies
on the neural correlates of mentalizing/theory of mind (ToM) are lacking, studies in healthy volunteers have consistently implicated the medial prefrontal cortex in this
process. Given that deficits in ToM have been observed in obsessive-compulsive disorder, this region may also be affected in the disorder.
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standardized test battery covering multiple social cognitive
domains may help more clearly elucidate differences and
communalities across disorders. The observed bias of OCD
patients to assign more negative valence to faces may well be
related to comorbid mood disturbances as this is something
also commonly found in depression (64). Likewise, problems
with mentalizing and altered emotion experience and
regulation have been reported in many other disorders as well
(153, 154). Importantly, only a subset of the reviewed studies
included comorbid diagnoses or symptoms as covariate in their
analysis or considered the presence of comorbidities as an
exclusion criterion (see Tables 1–3). On the other hand,
some of these deficits, such as problems in emotion
regulation, were found to remain after taking comorbid
symptoms such as depression and anxiety into account,
sugge s t ing tha t they fo rm a un ique par t o f the
symptomatology of the disorder. In addition, specific deficits
in the recognition of disgusted faces and a bias to perceive
ambiguous faces as expressing disgust, for example, have not
been reported in other disorders, and thus seem to represent a
rather unique aspect of obsessive-compulsive symptomatology.

Findings from the current review may have important clinical
implications as the identified social cognitive deficits represent
important targets for intervention. There are for example facial
emotion recognition trainings available (155) which may help
remediate disgust recognition deficits in patients. Similarly,
trainings exist with regard to ToM (156, 157) and emotion
regulation [e.g., (158)], and there is evidence that compassion
training may help overcoming empathic personal distress (159).
Whether such interventions may also effectively reduce
symptomatology and daily life problems in social functioning
in OCD remains to be investigated. Tackling social (cognitive)
problems in OCD is of critical importance, as poor social
functioning has been associated with, among other things,
poorer quality of life, and poorer functional outcomes
including more severe symptoms, and a higher number of
psychiatric comorbidity (10). The social aspects and impact of
OCD are therefore not something to be ignored.
TOWARD A SOCIAL NEUROCOGNITIVE
INTERACTIVE ACCOUNT OF OCD

Available measures of social cognition have been criticized as
they are limited to a “spectator” account of social cognition,
whereby individuals merely observe others while thinking about
their mental states, instead of interacting with them (1, 160).
Schilbach et al. (160) argue that social interactions importantly
contribute to our understanding of the mental states of others
and that social cognition might be fundamentally different when
we are in active interaction with others compared to when we are
solely observing others. In social interaction, we might depend
on more implicit, automatic, and spontaneous emotional
processes rather than explicit cognitive inferences to
understand others and there is evidence for a dissociation
between such implicit and explicit levels of social cognition (1,
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161). Patients with high-functioning autism, for example,
generally show reduced implicit or spontaneous inferences of
others mental states, despite showing intact explicit cognitive
mental attributions [e.g., (162, 163)], suggesting that they are
mainly characterized by a problem of social interaction (1). This
seems relevant to patients with OCD as well. More often than
during observation, social interactions involve an emotional
component, and in an interactive context it is essential to
regulate these emotions in such a way that relations with
others are facilitated. Given that patients with OCD show
heightened affective reactivity and social emotions such as
inflated feelings of responsibility and guilt, as well as poor
emotion regulation skills, this may be particularly challenging
for patients with OCD. Moreover, during social interaction,
many different cognitive processes need to be integrated in an
ongoing fashion in order to behave in an adaptive manner, as one
does not only need to take own actions, thoughts and emotions
into account, but also the actions, thoughts and emotions of
others, as well as their effect on the self, and vice versa. To get a
better perspective on daily-life disturbances in OCD, it is
therefore important to not only study social cognition in these
patients from an observer's perspective, but to additionally start
focusing on more implicit and interactive paradigms (see
Figure 2A for a schematic overview).

Neuroimaging methods may aid the investigation of more
implicit and interactive social cognitive processes, as such
methods do not require explicit prompting or responding. For
example, recent advances in the field of virtual reality provide
exciting new opportunities for mimicking realistic social
interactions in the MRI scanner [see, e.g., (164)]. However,
although recent studies have started using neuroimaging
techniques to investigate social cognition in OCD, most studies
so far have focused on behavioral assessments. Future studies
using neuroimaging techniques are needed to gain more insight
into the neural mechanisms underlying altered social cognitive
processes. Results from the current review demonstrate that
patients with OCD show altered neural activity in- and
connectivity between brain regions associated with the
recognition, experience, and regulation of emotions, such as
the amygdala, insula, nucleus accumbens, ACC, and
dorsolateral prefrontal areas (see also Figure 2B). Importantly,
these results show that those brain areas known to be affected in
OCD during nonsocial cognitive and affective processes, also
seem to be affected during social variants of these processes. Yet,
to date, neuroimaging studies on OCD have mainly been limited
to nonsocial cognitive processes, while incorporating the social
context in cognitive neuropsychiatric investigations may
importantly advance our understanding of the social and
functional impairments that characterize OCD patients. A
promising candidate in this respect is performance monitoring.
As mentioned in the introduction, research has consistently
shown enhanced ERN amplitudes in OCD. This has led to the
suggestion that this enhancement reflects a possible biomarker of
the disorder [see e.g., (165)]. However, increased amplitudes of
the ERN are not limited to OCD, but are also found in other
anxiety disorders as well as in depression [see (13)]. Importantly,
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with the integration of social context in performance monitoring
research, a more disorder- or symptom-specific marker of OCD
may be identified. For instance, the heightened feelings of
responsibility for harm and interpersonal guilt that
characterize patients suggests that patients with OCD might
show specifically enhanced monitoring of their own
performance in interactive social responsibility contexts, i.e.,
when their actions directly have consequences for someone
else (166). Such enhancements might not be expected for other
disorders with more self-focused symptoms such as health
anxiety. So-called social performance monitoring paradigms
[see e.g., (166–168)] therefore represent a relevant example of
an interactive and implicit measure of social cognition that may
substantially inform us on possible alterations in social
interactive behavior in patients with OCD.
CONCLUSION

To conclude, the reviewed studies indicate that OCD seems to be
associated with alterations in social cue perception, specifically
impaired recognition of facial expressions of disgust and
biological motion and actions, poorer mentalizing or ToM
skills, possibly suboptimal motor resonance, heighted or
altered affective and neural responding, and poorer emotion
regulation abilities, all of which are processes that may contribute
to deficient social functioning in patients with OCD. This review
provides an important first step to drawing out a unique social
cognitive profile of OCD. However, findings are somewhat
inconsistent, and the number of studies in the various
subdomains of social cognition are scarce and difficult to
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compare due to heterogeneity in participant and task
characteristics. Future studies should aim to further explore the
role of social cognition in OCD using multimodal and
ecologically valid paradigms, with a focus on potential
moderating factors and developmental pathways. Finally,
investigating social interactive behavior in OCD from a
cognitive neuropsychiatric perspective remains an essential
endeavor as it may importantly advance our understanding of
the symptomatology and daily-life disturbances in this intricate
and burdensome disorder.
AUTHOR CONTRIBUTIONS

MJ wrote the first version of the manuscript. SO and ED
provided feedback and revised the manuscript. All authors
approved of the final version.
FUNDING

This work was supported by a personal grant from the
Netherlands Organization for Scientific Research to ED
(NWO; VIDI Grant No. 452-12-005).
ACKNOWLEDGMENTS

We would like to thank Francesca Casetta for her help in
generating the tables for this article.
REFERENCES

1. Schilbach L. Towards a second-person neuropsychiatry. Philos Trans R Soc B
( - Biol Sci) (2016) 371:1686. doi: 10.1098/rstb.2015.0081

2. Happé F, Cook JL, Bird G. The structure of social cognition: In(ter)
dependence of sociocognitive processes. Annu Rev Psychol (2017) 68:243–
67. doi: 10.1146/annurev-psych-010416-044046

3. Schneider D, Klimecki O, Burgmer P, Kessler T. Social Cognition. In: Zeigler-
Hill V, Shackelford TK, editors. Encyclopedia of Personality and Individual
Differences. Cham: Springer International Publishing (2019).

4. Green MF, Horan WP, Lee J. Social cognition in schizophrenia. Nat Rev
Neurosci (2015) 16(10):620–31. doi: 10.1038/nrn4005

5. Fett AK, ViechtbauerW, Dominguez MD, Penn DL, van Os J, Krabbendam L.
The relationship between neurocognition and social cognition with functional
outcomes in schizophrenia: a meta-analysis. Neurosci Biobehav Rev (2011) 35
(3):573–88. doi: 10.1016/j.neubiorev.2010.07.001

6. Ruscio AM, Stein DJ, Chiu WT, Kessler RC. The epidemiology of obsessive-
compulsive disorder in the National Comorbidity Survey Replication. Mol
Psychiatry (2010) 15(1):53–63. doi: 10.1038/mp.2008.94

7. American Psychiatric Association.Diagnostic and statistical manual of mental
disorders (5th ed.). Arlington, VA: American Psychiatric Association (2013).

8. Macy AS, Theo JN, Kaufmann SCV, Ghazzaoui RB, Pawlowski PA, Fakhry
HI, et al. Quality of life in obsessive compulsive disorder. CNS Spectrums
(2013) 18:21–33. doi: 10.1017/S1092852912000697

9. Mavrogiorgou P, Akyol. M, Siebers F, Kienast T, Juckel. G. Low psychosocial
functioning in obsessive–compulsive disorder and its clinical implications. J
Obsessive-Compulsive Relat Disord (2015) 5:87–92. doi: 10.1016/
j.jocrd.2015.03.004
10. Rosa AC, Diniz JB, Fossaluza V, Torres AR, Fontenelle LF, De Mathis AS,
et al. Clinical correlates of social adjustment in patients with obsessive-
compulsive disorder. J Psychiatr Res (2012) 46(10):1286–92. doi: 10.1016/
j.jpsychires.2012.05.019

11. Hezel DM, McNally RJ. A Theoretical review of cognitive biases and deficits
in obsessive–compulsive disorder. Biol Psychol (2016) 121:221–32. doi:
10.1016/j.biopsycho.2015.10.012

12. Abramovitch A, Cooperman A. The cognitive neuropsychology of obsessive-
compulsive disorder: a critical review. J Obsessive-Compulsive Relat Disord
(2015) 5:24–36. doi: 10.1016/j.jocrd.2015.01.002

13. Riesel A. The erring brain: error-related negativity as an endophenotype for
OCD—a review and meta-analysis. Psychophysiology (2019) 56(4):e13348.
doi: 10.1111/psyp.13348

14. Ventura J, Wood RC, Hellemann GS. Symptom domains and neurocognitive
functioning can help differentiate social cognitive processes in
schizophrenia: a meta-analysis. Schizophr Bull (2013) 39(1):102–11. doi:
10.1093/schbul/sbr067

15. Melloni M, Urbistondo C, Sedeño L, Gelormini C, Kichic R, Ibanez A. The
extended fronto-striatal model of obsessive-compulsive disorder: convergence
from event-related potentials, neuropsychology and neuroimaging. Front Hum
Neurosci (2012) 6:259. doi: 10.3389/fnhum.2012.00259

16. Milad MR, Rauch SL. Obsessive-compulsive disorder: beyond segregated
cortico-striatal pathways. Trends Cogn Sci (2012) 16(1):43–51. doi: 10.1016/
j.tics.2011.11.003

17. Nakao T, Okada K, Kanba S. Neurobiological model of obsessive–
compulsive disorder: evidence from recent neuropsychological and
neuroimaging findings. Psychiatry Clin Neurosci (2014) 68:587–605. doi:
10.1111/pcn.12195
March 2020 | Volume 11 | Article 118

https://doi.org/10.1098/rstb.2015.0081
https://doi.org/10.1146/annurev-psych-010416-044046
https://doi.org/10.1038/nrn4005
https://doi.org/10.1016/j.neubiorev.2010.07.001
https://doi.org/10.1038/mp.2008.94
https://doi.org/10.1017/S1092852912000697
https://doi.org/10.1016/j.jocrd.2015.03.004
https://doi.org/10.1016/j.jocrd.2015.03.004
https://doi.org/10.1016/j.jpsychires.2012.05.019
https://doi.org/10.1016/j.jpsychires.2012.05.019
https://doi.org/10.1016/j.biopsycho.2015.10.012
https://doi.org/10.1016/j.jocrd.2015.01.002
https://doi.org/10.1111/psyp.13348
https://doi.org/10.1093/schbul/sbr067
https://doi.org/10.3389/fnhum.2012.00259
https://doi.org/10.1016/j.tics.2011.11.003
https://doi.org/10.1016/j.tics.2011.11.003
https://doi.org/10.1111/pcn.12195
https://www.frontiersin.org/journals/psychiatry
http://www.frontiersin.org/
https://www.frontiersin.org/journals/psychiatry#articles


Jansen et al. Social Cognition and Obsessive-Compulsive Disorder
18. Fusar-Poli P, Placentino A, Carletti F, Landi P, Allen P, Surguladze S, et al.
Functional atlas of emotional faces processing: a voxel-based meta-analysis
of 105 functional magnetic resonance imaging studies. J Psychiatry Neurosci
(2009) 34:418–32. doi: 2010-01016-002

19. Nakao T, Nakagawa A, Yoshiura T, Nakatani E, Nabeyama M, Yoshizato C,
et al. Brain activation of patients with obsessive-compulsive disorder during
neuropsychological and symptom provocation tasks before and after
symptom improvement: a functional magnetic resonance imaging study.
Biol Psychiatry (2005) 57:901–10. doi: 10.1016/j.biopsych.2004.12.039

20. Schienle A, Schäfer A, Stark R, Walter B, Vaitl D. Neural responses of OCD
patients towards disorder-relevant, generally disgust-inducing and fear-
inducing pictures. Int J Psychophysiol (2005) 57:69–77. doi: 10.1016/
j.ijpsycho.2004.12.013

21. Stein DJ, Arya M, Pietrini P, Rapoport JL, Swedo SE. Neurocircuitry of
disgust and anxiety in obsessive-compulsive disorder: a positron emission
tomography study.Metab Brain Dis (2006) 21:255–65. doi: 10.1007/s11011-
006-9021-6

22. Pitman RK. A cybernetic model of obsessive-compulsive psychopathology.
Compr Psychiatry (1987) 28(4):334–43. doi: 10.1016/0010-440X(87)90070-8

23. Falkenstein M, Hohnsbein J, Hoormann J, Blanke L. Effects of errors in
choice reaction tasks on the ERP under focused and divided attention. In:
Brunia CHM, Gaillard AWK, Kok A, editors. Psychophysiological Brain
Research. Tilburg: Tilburg University Press (1990). p. 192–5.

24. Gehring WJ, Goss B, Coles MG, Meyer DE, Donchin E. A neural system for
error detection and compensation. Psychol Sci (1993) 4:385–90. doi: 10.1111/
j.1467-9280.1993.tb00586.x

25. Debener S, Ullsperger M, Siegel M, Fiehler K, von Cramon DY, Engel AK.
Trial-by-trial coupling of concurrent electroencephalogram and functional
magnetic resonance imaging identifies the dynamics of performance
monitoring. J Neurosci (2005) 25(50):11730–7. doi: 10.1523/
JNEUROSCI.3286-05.2005

26. Forbes CE, Grafman J. The role of the human prefrontal cortex in social
cognition and moral judgment. Annu Rev Neurosci (2010) 33:299–324. doi:
10.1146/annurev-neuro-060909-153230

27. Lavin C, Melis C, Mikulan E, Gelormini C, Huepe D, Ibañez A. The anterior
cingulate cortex: an integrative hub for human socially-driven interactions.
Front Neurosci (2013) 7:64. doi: 10.3389/fnins.2013.00064

28. Lindquist KA. The brain basis of emotion: a meta-analytic review. Behav
Brain Sci (2012) 35(3):121–43. doi: 10.1017/S0140525X11000446

29. Molenberghs P, Johnson H, Henry JD, Mattingley JB. Understanding the
minds of others: a neuroimaging meta-analysis. Neurosci Biobehav Rev
(2016) 65:276–91. doi: 10.1016/j.neubiorev.2016.03.020

30. Koban L, Pourtois G. Brain systems underlying the affective and social
monitoring of actions: an integrative review. Neurosci Biobehav Rev (2014)
46(1):71–84. doi: 10.1016/j.neubiorev.2014.02.014

31. Kurtz MM, Richardson CL. Social cognitive training for schizophrenia: a
meta-analytic investigation of controlled research. Schizophr Bull (2012) 38
(5):1092–104. doi: 10.1093/schbul/sbr036

32. Penton-Voak I, Munafo M, Looi CY. Biased facial emotion perception in
mental health disorders: a possible target for psychological intervention?
Curr Dir Psychol Sci (2017) 26(3):294–301. doi: 10.1177/0963721417704405

33. Tan BL, Lee SA, Lee J. Social cognitive interventions for people with
schizophrenia: a systematic review. Asian J Psychiatry (2018) 35:115–31.
doi: 10.1016/j.ajp.2016.06.013

34. Plana I, Lavoie M, Battaglia M, Achim AM. A meta-analysis and scoping
review of social cognition performance in social phobia, posttraumatic stress
disorder and other anxiety disorders. J Anxiety Disord (2014) 28(2):169–77.
doi: 10.1016/j.janxdis.2013.09.005

35. Aigner M, Sachs G, Bruckmuller E, Winklbaur B, Zitterl W, Kryspin-Exner I,
et al. Cognitive and emotion recognition deficits in obsessive–compulsive
disorder. Psychiatry Res (2007) 149:121–8. doi: 10.1016/j.psychres.2005.12.006

36. Bozikas VP, Kosmidis MH, Giannakou M, Saitis M, Fokas K, Garyfallos G.
Emotion perception in obsessive–compulsive disorder. J Int Neuropsychol
Soc (2009) 15:148–53. doi: 10.1017/S1355617708090097

37. Buhlmann U, McNally RJ, Etcoff NL, Tuschen-Caffier B, Wilhelma S.
Emotion recognition deficits in body dysmorphic disorder. J Psychiatr Res
(2004) 38:201–6. doi: 10.1016/S0022-3956(03)00107-9
Frontiers in Psychiatry | www.frontiersin.org 35
38. Cannistraro PA,Wright CI, Wedig MM,Martis B, Shin LM,Wilhelm S, et al.
Amygdala responses to human faces in obsessive-compulsive disorder. Biol
Psychiatry (2004) 56:916–20. doi: 10.1016/j.biopsych.2004.09.029

39. Cardoner N, Harrison BJ, Pujol J, Soriano-Mas C, Hernandez-Ribas R,
Lopez- Sola M, et al. Enhanced brain responsiveness during active emotional
face processing in obsessive compulsive disorder. World J Biol Psychiatry
(2011) 12:349–63. doi: 10.3109/15622975.2011.559268

40. Corcoran KM, Woody SR, Tolin DF. Recognition of facial expressions in
obsessive–compulsive disorder. J Anxiety Disord (2008) 22:56–66. doi:
10.1016/j.janxdis.2007.01.003

41. Daros AR, Zakzanis KK, Rector NA. A quantitative analysis of facial emotion
recognition in obsessive–compulsive disorder. Psychiatry Res (2014)
215:514–21. doi: 10.1016/j.psychres.2013.11.029

42. Jhung K, Namkoong K, Kang JI, Ha RY, An SK, Kim CH, et al. Perception
bias of disgust in ambiguous facial expressions in obsessive–compulsive
di sorder . Psychiatry Res (2010) 178:126–31 . do i : 10 .1016/
j.psychres.2009.11.023

43. Kornreich C, Blairy S, Philippot P, Dan B, Foisy M, Hess U, et al. Impaired
emotional facial expression recognition in alcoholism compared with
obsessive-compulsive disorder and normal controls. Psychiatry Res (2001)
102(3):235–48. doi: 10.1016/S0165-1781(01)00261-X

44. Lawrence NS, An SK, Mataix-Cols D, Ruths F, Speckens A, Phillips ML.
Neural responses to facial expressions of disgust but not fear are modulated
by washing symptoms in OCD. Biol Psychiatry (2007) 61(9):1072–80. doi:
10.1016/j.biopsych.2006.06.033

45. Lochner C, Simmons C, Kidd M, Chamberlain SR, Fineberg NA, van Honk J,
et al. Differential effects of escitalopram challenge on disgust processing in
obsessive-compulsive disorder. Behav Brain Res (2012) 226(1):274–80. doi:
10.1016/j.bbr.2011.09.029

46. Montagne B, de Geus F, Kessels RP, Denys D, de Haan EH, Westenberg HG.
Perception of facial expressions in obsessive-compulsive disorder: a
dimensional approach. Eur Psychiatry (2008) 23(1):26–8. doi: 10.1016/
j.eurpsy.2007.07.007

47. Mavrogiorgou P, Bethge M, Luksnat S, Nalato F, Juckel G, Brüne M. Social
cognition and metacognition in obsessive-compulsive disorder: an
explorative pilot study. Eur Arch Psychiatry Clin Neurosci (2016) 266
(3):209–16. doi: 10.1007/s00406-016-0669-6

48. Parker HA, McNally RJ, Nakayama K, Wilhelm S. No disgust recognition
deficit in obsessive-compulsive disorder. J Behav Ther Exp Psychiatry (2004)
35(2):183–92. doi: 10.1016/j.jbtep.2004.04.008

49. Rector NA, Daros AR, Bradbury CL, Richter MA. Disgust recognition in
obsessive–compulsive disorder: Diagnostic comparisons and posttreatment
effects . Can J Psychiatry (2012) 57(3):177–83. doi : 10.1177/
070674371205700307

50. Sprengelmeyer R, Young AW, Pundt I, Sprengelmeyer A, Calder AJ, Berrios G,
et al. Disgust implicated in obsessive–compulsive disorder. Proc R Soc B: Biol Sci
(1997) 264:1767–73. doi: 10.1098/rspb.1997.0245

51. Toh WL, Castle DJ, Rossell SL. Facial affect recognition in body dysmorphic
disorder versus obsessive-compulsive disorder: an eye-tracking study. J
Anxiety Disord (2015) 35:49–59. doi: 10.1016/j.janxdis.2015.08.003

52. Via E, Cardoner N, Pujol J, Alonso P, López-Solà M, Real E, et al. Amygdala
activation and symptom dimensions in obsessive-compulsive disorder. Br J
Psychiatry (2014) 204(1):61–8. doi: 10.1192/bjp.bp.112.123364

53. Jung WH, Gu BM, Kang DH, Park JY, Yoo SY, Choi CH, et al. BOLD
response during visual perception of biological motion in obsessive-
compulsive disorder: an fMRI study using the dynamic point-light
animation paradigm. Eur Arch Psychiatry Clin Neurosci (2009) 259(1):46–
54. doi: 10.1007/s00406-008-0833-8

54. Kim J, Blake R, Park S, Shin YW, Kang DH, Kwon JS. Selective impairment
in visual perception of biological motion in obsessive-compulsive disorder.
Depression Anxiety (2008) 25(7):15–25. doi: 10.1002/da.20402

55. Shin NY, Jang JH, Kim HS, Shim G, Hwang JY, Kim SN, et al. Impaired body
but not face perception in patients with obsessive-compulsive disorder. J
Neuropsychol (2013) 7(1):58–71. doi: 10.1111/j.1748-6653.2012.02035.x

56. Bhikram T, Abi-Jaoude E, Sandor P. OCD: obsessive–compulsive… disgust?
The role disgust obsessive–compulsive Disord J Psychiatry Neurosci (2017) 42
(5):300–6. doi: 10.1503/jpn.160079
March 2020 | Volume 11 | Article 118

https://doi.org/2010-01016-002
https://doi.org/10.1016/j.biopsych.2004.12.039
https://doi.org/10.1016/j.ijpsycho.2004.12.013
https://doi.org/10.1016/j.ijpsycho.2004.12.013
https://doi.org/10.1007/s11011-006-9021-6
https://doi.org/10.1007/s11011-006-9021-6
https://doi.org/10.1016/0010-440X(87)90070-8
https://doi.org/10.1111/j.1467-9280.1993.tb00586.x
https://doi.org/10.1111/j.1467-9280.1993.tb00586.x
https://doi.org/10.1523/JNEUROSCI.3286-05.2005
https://doi.org/10.1523/JNEUROSCI.3286-05.2005
https://doi.org/10.1146/annurev-neuro-060909-153230
https://doi.org/10.3389/fnins.2013.00064
https://doi.org/10.1017/S0140525X11000446
https://doi.org/10.1016/j.neubiorev.2016.03.020
https://doi.org/10.1016/j.neubiorev.2014.02.014
https://doi.org/10.1093/schbul/sbr036
https://doi.org/10.1177/0963721417704405
https://doi.org/10.1016/j.ajp.2016.06.013
https://doi.org/10.1016/j.janxdis.2013.09.005
https://doi.org/10.1016/j.psychres.2005.12.006
https://doi.org/10.1017/S1355617708090097
https://doi.org/10.1016/S0022-3956(03)00107-9
https://doi.org/10.1016/j.biopsych.2004.09.029
https://doi.org/10.3109/15622975.2011.559268
https://doi.org/10.1016/j.janxdis.2007.01.003
https://doi.org/10.1016/j.psychres.2013.11.029
https://doi.org/10.1016/j.psychres.2009.11.023
https://doi.org/10.1016/j.psychres.2009.11.023
https://doi.org/10.1016/S0165-1781(01)00261-X
https://doi.org/10.1016/j.biopsych.2006.06.033
https://doi.org/10.1016/j.bbr.2011.09.029
https://doi.org/10.1016/j.eurpsy.2007.07.007
https://doi.org/10.1016/j.eurpsy.2007.07.007
https://doi.org/10.1007/s00406-016-0669-6
https://doi.org/10.1016/j.jbtep.2004.04.008
https://doi.org/10.1177/070674371205700307
https://doi.org/10.1177/070674371205700307
https://doi.org/10.1098/rspb.1997.0245
https://doi.org/10.1016/j.janxdis.2015.08.003
https://doi.org/10.1192/bjp.bp.112.123364
https://doi.org/10.1007/s00406-008-0833-8
https://doi.org/10.1002/da.20402
https://doi.org/10.1111/j.1748-6653.2012.02035.x
https://doi.org/10.1503/jpn.160079
https://www.frontiersin.org/journals/psychiatry
http://www.frontiersin.org/
https://www.frontiersin.org/journals/psychiatry#articles


Jansen et al. Social Cognition and Obsessive-Compulsive Disorder
57. Armstrong T, Olatunji BO. Eye tracking of attention in the affective
disorders: a meta-analytic review and synthesis. Clin Psychol Rev (2012)
32:704–23. doi: 10.1016/j.cpr.2012.09.004

58. Surcinelli P, Codispoti M, Montebarocci O, Rossi N, Baldaro B. Facial
emotion recognition in trait anxiety. J Anxiety Disord (2006) 20:110–7. doi:
10.1016/j.janxdis.2004.11.010

59. Pittenger C, Bloch MH. Pharmacological treatment of obsessive-compulsive
disorder. Psychiatr Clinics North America (2014) 37(3):375–91. doi: 10.1016/
j.psc.2014.05.006

60. Allen J, Abbott M, Rapee R, Coltheart M. Ew gross! Recognition of
expressions of disgust by children with obsessive-compulsive disorder.
Behav Change (2006) 23(4):239–49. doi: 10.1375/bech.23.4.239

61. Amiri A, Ghasempour A, Fahimi S, Abolghasemi A, Akbari E, Agh A, et al.
Recognition of facial expression of emotion in patients with obsessive–
compulsive disorder and average people. Armaghane-danesh Yasuj Univ
Med Sci J (2012) 17:30–8.

62. GoodmanWK, Price LH, Rasmussen SA,Mazure C, Fleischmann RL, Hill CL,
et al. The yale–brown obsessive–compulsive scale: I. Development, use, and
reliability. Arch Gen Psychiatry (1989) 46:1006–11. doi: 10.1001/
archpsyc.1989.01810110048007

63. Grossman E, Donnelly M, Price R, Pickens D, Morgan V, Neighbor G, et al.
Brain areas involved in perception of biological motion. J Cogn Neurosci
(2000) 12:711–20. doi: 10.1162/089892900562417

64. Weightman MJ, Air TM, Baune BT. A review of the role of social cognition
in major depressive disorder. Front Psychiatry (2014) 5:179. doi: 10.3389/
fpsyt.2014.00179

65. Duval ER, Javanbakht A, Liberzon I. Neural circuits in anxiety and stress
disorders: a focused review. Ther Clin Risk Manage (2015) 11:115–26. doi:
10.2147/TCRM.S48528

66. Endrass T, Ullsperger M. Specificity of performance monitoring changes in
obsessive-compulsive disorder. Neurosci Biobehav Rev (2014) 46(1):124–38.
doi: 10.1016/j.neubiorev.2014.03.024

67. Etkin A, Büchel C, Gross JJ. The neural bases of emotion regulation. Nat Rev
Neurosci (2015) 16:693–700. doi: 10.1038/nrn4044

68. Premack D, Woodruff G. Does the chimpanzee have a theory of mind?
Behav Brain Sci (1978) 1:515–26. doi: 10.1017/S0140525X00076512

69. Walter H. Social cognitive neuroscience of empathy: concepts, circuits, and
genes. Emotion Rev (2012) 4(1):9–17. doi: 10.1177/1754073911421379

70. Schurz M, Radua J, Aichhorn M, Richlan F, Perner J. Fractionating theory of
mind: a meta-analysis of functional brain imaging studies. Neurosci Biobehav
Rev (2014) 42:9–34. doi: 10.1016/j.neubiorev.2014.01.009

71. Baron-Cohen S. (1995). Mindblindness. An Essay on Autism and Theory of
Mind. Retrieved from http://books.google.com.

72. McGlade N, Behan C, Hayden J, O'Donoghue T, Peel R, Haq F. Mental state
decoding vs mental state reasoning as a mediator between cognitive and
social function in psychosis. Br J Psychiatry (2008) 193:77–8. doi: 10.1192/
bjp.bp.107.044198

73. Mısır E, Bora E, Akdede BB. Relationship between social-cognitive and
social-perceptual aspects of theory of mind and neurocognitive deficits,
insight level and schizotypal traits in obsessive-compulsive disorder. Compr
Psychiatry (2018) 83:1–6. doi: 10.1016/j.comppsych.2018.02.008

74. Buhlmann U, Wacker R, Dziobek I. Inferring other people's states of mind:
comparison across social anxiety, body dysmorphic, and obsessive–
compulsive disorders. J Anxiety Disord (2015) 34:107–13. doi: 10.1016/
j.janxdis.2015.06.003

75. İnanç L, Altıntaş M. Are mentalizing abilities and insight related to the
severity of obsessive-compulsive disorder. Psychiatry Invest (2018) 15
(9):843–51. doi: 10.30773/pi.2018.05.02.2

76. Liu W, Fan J, Gan J, Lei H, Niu C, Chan RCK, et al. Disassociation of cognitive
and affective aspects of theory of mind in obsessive-compulsive disorder.
Psychiatry Res (2017) 255:367–72. doi: 10.1016/j.psychres.2017.06.058

77. Pertusa A, Bejerot S, Eriksson J, Fernández de la Cruz L, Bonde S, Russell A,
et al. Do patients with hoarding disorder have autistic traits? Depression
Anxiety (2012) 29(3):210–8. doi: 10.1002/da.20902

78. Pino MC, De Berardis D, Mariano M, Vellante F, Serroni N, Valchera A,
et al. Two systems for empathy in obsessive-compulsive disorder:
mentalizing and experience sharing. Braz J Psychiatry (2016) 38(4):307–
13. doi: 10.1590/1516-4446-2015-1679
Frontiers in Psychiatry | www.frontiersin.org 36
79. Sayin A, Oral N, Utku C, Baysak E, Candansayar S. Theory of mind in
obsessive-compulsive disorder: comparison with healthy controls. Eur
Psychiatry (2010) 25:116–22. doi: 10.1016/j.eurpsy.2009.09.002

80. Tulacı R G, Cankurtaran EŞ, Özdel K, Öztürk N, Kuru E, Özdemir İ. The
relationship between theory of mind and insight in obsessive-compulsive
disorder. Nordic J Psychiatry (2018) 72(4):273–80. doi: 10.1080/
08039488.2018.1436724

81. Baron-Cohen S, Wheelwright S, Hill J, Raste Y, Plumb I. The “Reading the
mind in the eyes” test revised version: a study with normal adults, and adults
with Asperger syndrome or high-functioning autism. J Child Psychol
Psychiatry (2001) 42:241–51. doi: 10.1111/1469-7610.00715

82. Brüne M. Theory of mind and the role of IQ in chronic disorganize
schizophrenia. Schizophr Res (2003) 60:57–64. doi: 10.1016/S0920-9964
(02)00162-7

83. Değirmencioğlu B, Alptekin K, Akdede BB, Erdil N, Aktener A, Mantar A,
et al. The validity and reliability study of the Dokuz Eylül theory of mind
index in patients with schizophrenia. Turkish J Psychiatry (2018) 29(3):193–
201. doi: 10.5080/u18268

84. Corcoran R, Mercer G, Frith CD. Schizophrenia, symptomatology and social
inference: investigating ‘‘theory of mind'' in people with schizophrenia.
Schizophr Res (1995) 17:5–13. doi: 10.1016/0920-9964(95)00024-G

85. Happé FGE. An advanced test of theory of mind: understanding of story
characters' thoughts and feelings by able autistic, mentally handicapped and
normal children and adults. J Autism Dev Disord (1994) 24:129–54. doi:
10.1007/BF02172093

86. Baron-Cohen S, O'Riordan M, Stone V, Jones R, Plaisted K. Recognition of
faux pas by normally developing children and children with Asperger
syndrome or high-functioning autism. J Autism Dev Disord (1999)
29:407–18. doi: 10.1023/A:1023035012436

87. Barth A, Küfferle B. Die Entwicklung eines Sprichworttests zur Erfassung
konkretistischer Denkstörungen bei schizophrenen Patienten. Nervenarzt
(2001) 72:853–8. doi: 10.1007/s001150170019

88. Brüne M, Bodenstein L. Proverb comprehension reconsidered–'theory of
mind' and the pragmatic use of language in schizophrenia. Schizophr Res
(2005) 75(2-3):233–9. doi: 10.1016/j.schres.2004.11.006

89. Shamay-Tsoory SG, Aharon-Peretz J. Dissociable prefrontal networks for
cognitive and affective theory of mind: a lesion study. Neuropsychologia
(2007) 45:3054–67. doi: 10.1016/j.neuropsychologia.2007.05.021

90. Dziobek I, Fleck S, Kalbe E, Rogers K, Hassenstab J, Brand M, et al.
Introducing MASC: a movie for the assessment of social cognition.
J Autism Dev Disord (2006) 36:623–36. doi: 10.1007/s10803-006-0107-0

91. Ahmed FS, Miller SL. Executive function mechanisms of theory of mind. J
Autism Dev Disord (2011) 41:667–78. doi: 10.1007/s10803-010-1087-7

92. Kishore VR, Samar R, Reddy YCJ, Chandrasekhar CR, Thennaras K. Clinical
characteristics and treatment response in poor and good insight obsessive–
compulsive disorder. Eur Psychiatry (2004) 19:202–8. doi: 10.1016/
j.eurpsy.2003.12.005

93. Catapano F, Perris F, Fabrazzo M, Cioffi V, Giacco D, De Santis V, et al.
Obsessive–compulsive disorder with poor insight: A three-year prospective
study. Prog Neuro Psychopharmacol Biol Psychiatry (2010) 34(2):323–30.
doi: 10.1016/j.pnpbp.2009.12.007

94. Buckley PF, Miller BJ, Lehrer DS, Castle DJ. Psychiatric comorbidities and
schizophrenia. Schizophr Bull (2009) 35:383–402. doi: 10.1093/schbul/sbn135

95. Ntouros E, Bozikas VP, Andreou C, Kourbetis D, Lavrentiadis G, Garyfallos G.
Emotional perception and theory of mind in first episode psychosis: the role of
obsessive-compulsive symptomatology. Psychiatry Res (2014) 220:112–7. doi:
10.1016/j.psychres.2014.07.058

96. Lewin AB, Bergman RL, Peris TS, Chang S, McCracken JT, Piacentini J.
Correlates of insight among youth with obsessive-compulsive disorder.
J Child Psychol Psychiatry (2010) 51(5):603–11. doi: 10.1111/j.1469-
7610.2009.02181.x

97. Rizzolatti G, Craighero L. The mirror-neuron system. Annu Rev Neurosci
(2004) 27:169–92. doi: 10.1146/annurev.neuro.27.070203.144230

98. Molenberghs P, Cunnington R, Mattingley JB. Brain regions with mirror
properties: a meta-analysis of 125 human fMRI studies. Neurosci Biobehav
Rev (2012) 36:341–9. doi: 10.1016/j.neubiorev.2011.07.004

99. Decety J, Jackson PL. A social-neuroscience perspective on empathy. Curr Dir
Psychol Sci (2006) 15(2):54–8. doi: 10.1111/j.0963-7214.2006.00406.x
March 2020 | Volume 11 | Article 118

https://doi.org/10.1016/j.cpr.2012.09.004
https://doi.org/10.1016/j.janxdis.2004.11.010
https://doi.org/10.1016/j.psc.2014.05.006
https://doi.org/10.1016/j.psc.2014.05.006
https://doi.org/10.1375/bech.23.4.239
https://doi.org/10.1001/archpsyc.1989.01810110048007
https://doi.org/10.1001/archpsyc.1989.01810110048007
https://doi.org/10.1162/089892900562417
https://doi.org/10.3389/fpsyt.2014.00179
https://doi.org/10.3389/fpsyt.2014.00179
https://doi.org/10.2147/TCRM.S48528
https://doi.org/10.1016/j.neubiorev.2014.03.024
https://doi.org/10.1038/nrn4044
https://doi.org/10.1017/S0140525X00076512
https://doi.org/10.1177/1754073911421379
https://doi.org/10.1016/j.neubiorev.2014.01.009
http://books.google.com
https://doi.org/10.1192/bjp.bp.107.044198
https://doi.org/10.1192/bjp.bp.107.044198
https://doi.org/10.1016/j.comppsych.2018.02.008
https://doi.org/10.1016/j.janxdis.2015.06.003
https://doi.org/10.1016/j.janxdis.2015.06.003
https://doi.org/10.30773/pi.2018.05.02.2
https://doi.org/10.1016/j.psychres.2017.06.058
https://doi.org/10.1002/da.20902
https://doi.org/10.1590/1516-4446-2015-1679
https://doi.org/10.1016/j.eurpsy.2009.09.002
https://doi.org/10.1080/08039488.2018.1436724
https://doi.org/10.1080/08039488.2018.1436724
https://doi.org/10.1111/1469-7610.00715
https://doi.org/10.1016/S0920-9964(02)00162-7
https://doi.org/10.1016/S0920-9964(02)00162-7
https://doi.org/10.5080/u18268
https://doi.org/10.1016/0920-9964(95)00024-G
https://doi.org/10.1007/BF02172093
https://doi.org/10.1023/A:1023035012436
https://doi.org/10.1007/s001150170019
https://doi.org/10.1016/j.schres.2004.11.006
https://doi.org/10.1016/j.neuropsychologia.2007.05.021
https://doi.org/10.1007/s10803-006-0107-0
https://doi.org/10.1007/s10803-010-1087-7
https://doi.org/10.1016/j.eurpsy.2003.12.005
https://doi.org/10.1016/j.eurpsy.2003.12.005
https://doi.org/10.1016/j.pnpbp.2009.12.007
https://doi.org/10.1093/schbul/sbn135
https://doi.org/10.1016/j.psychres.2014.07.058
https://doi.org/10.1111/j.1469-7610.2009.02181.x
https://doi.org/10.1111/j.1469-7610.2009.02181.x
https://doi.org/10.1146/annurev.neuro.27.070203.144230
https://doi.org/10.1016/j.neubiorev.2011.07.004
https://doi.org/10.1111/j.0963-7214.2006.00406.x
https://www.frontiersin.org/journals/psychiatry
http://www.frontiersin.org/
https://www.frontiersin.org/journals/psychiatry#articles


Jansen et al. Social Cognition and Obsessive-Compulsive Disorder
100. Decety J, Meyer M. From emotion resonance to empathic understanding: a
social developmental neuroscience account. Dev Psychopathol (2008)
20:1053–80. doi: 10.1017/S0954579408000503

101. De Vignemont F, Singer T. The empathic brain: how, when and why? Trends
Cogn Sci (2006) 10(10):435–41. doi: 10.1016/j.tics.2006.08.008

102. Fontenelle LF, Soares ID, Miele F, Borges MC, Prazeres AM, Rangé BP, et al.
Empathy and symptoms dimensions of patients with obsessive-compulsive
disorder. J Psychiatr Res (2009) 43:455–63. doi: 10.1016/j.jpsychires.2008.05.007

103. Kang JI, Namkoong K, Yoo SW, Jhung K, Kim SJ. Abnormalities of
emotional awareness and perception in patients with obsessive–compulsive
disorder. J Affect Disord (2012) 141:286–93. doi: 10.1016/j.jad.2012.04.001

104. Rounis E, Banca P, Voon V. Deficits in limb praxis in patients with obsessive-
compulsive disorder. J Neuropsychiatry Clin Neurosci (2016) 28:232–5. doi:
10.1176/appi.neuropsych.15090233

105. Davis MH. Measuring individual differences in empathy: evidence for a
multidimensional approach. J Pers Soc Psychol (1983) 44(1):113–26. doi:
10.1037/0022-3514.44.1.113

106. Schreiter S, Pijnenborg GH, Aan Het Rot M. Empathy in adults with clinical
or subclinical depressive symptoms. J Affect Disord (2013) 150:1–16. doi:
10.1016/j.jad.2013.03.009

107. Jolliffe D, Farrington DP. Development and validation of the basic empathy
Scale. J Adol (2006) 29:589–611. doi: 10.1016/j.adolescence.2005.08.010

108. Baron-Cohen S, Wheelwright S. The empathy quotient: an investigation of
adults with Asperger syndrome or high functioning autism, and normal sex
differences. J Autism Dev Disord (2004) 34:163–75. doi: 10.1023/B:
JADD.0000022607.19833.00

109. Blair RJ, Cipolotti L. Impaired social response reversal. Case ‘acquired
Sociopathy'. Brain (2000) 123:1122–41. doi: 10.1093/brain/123.6.1122

110. Robinson LJ, Freeston MH. Emotion and internal experience in obsessive-
compulsive disorder: reviewing the role of alexithymia, anxiety sensitivity
and distress tolerance. Clin Psychol Rev (2014) 34:256–71. doi: 10.1016/
j.cpr.2014.03.003

111. Calkins AW, Berman NC, Wilhelm S. Recent advances in research on
cognition and emotion in OCD: a review. Curr Psychiatry Rep (2013)
15:357. doi: 10.1007/s11920-013-0357-4

112. Nielsen L. The simulation of emotion experience: on the emotional
foundations of theory of mind. Phenomenol Cogn Sci (2002) 1:255–86.

113. Basile B, Mancini F, Macaluso E, Caltagirone C, Bozzali M. Abnormal
processing of deontological guilt in obsessive–compulsive disorder. Brain
Struct Funct (2014) 219:1321–31. doi: 10.1007/s00429-013-0570-2

114. Bersani G, Bersani FS, Valeriani G, Robiony M, Anastasia A, Colletti C, et al.
Comparison of facial expression in patients with obsessive-compulsive disorder
and schizophrenia using the facial action coding system: a preliminary study.
Neuropsychiatr Dis Treat (2012) 8:537–47. doi: 10.2147/NDT.S37174

115. Fontenelle LF, Frydman I, Hoefle S, Oliveira-Souza R, Vigne P, Bortolinia TS,
et al. Decoding moral emotions in obsessive-compulsive disorder.
NeuroImage: Clin (2018) 19:82–9. doi: 10.1016/j.nicl.2018.04.002

116. Hennig-Fast K, Michl P, Müller J, Niedermeier N, Coates U, Müller N, et al.
Obsessive-compulsive disorder–a question of conscience?An fMRI study of
behavioural and neurofunctional correlates of shame and guilt. J Psychiatr
Res (2015) 68:354–62. doi: 10.1016/j.jpsychires.2015.05.001

117. Mergl. R, Vogel M, Mavrogiorgou P, Göbel. C, Zaudig. M, Hegerl. U, et al.
Kinematical analysis of emotionally induced facial expressions in patients
with obsessive–compulsive disorder. Psychol Med (2003) 33(8):1453–62. doi:
10.1017/S0033291703008134

118. Valeriani G, Bersani FS, Liberati D, Polli E, Girolami MT, Zullo D, et al.
Generalized and specific emotion impairments as potential markers of
severity in obsessive-compulsive disorder: a preliminary study using Facial
Action Coding System (FACS). Psychiatria Danubina (2015) 27(2):159–67.

119. Admon R, Bleich-Cohen M, Weizmant R, Poyurovsky M, Faragian S,
Hendler T. Functional and structural neural indices of risk aversion in
obsessive-compulsive disorder (OCD). Psychiatry Res (2012) 203:207–13.
doi: 10.1016/j.pscychresns.2012.02.002

120. Choi JS, Shin YC, JungWH, Jang JH, Kang DH, Choi CH, et al. Altered brain
activity during reward anticipation in pathological gambling and obsessive-
compulsive disorder. PloS One (2012) 7(9):e45938. doi: 10.1371/
journal.pone.0045938
Frontiers in Psychiatry | www.frontiersin.org 37
121. Figee M, Vink M, de Geus F, Vulink N, Veltman DJ, Westenberg H, et al.
Dysfunctional reward circuitry in obsessive-compulsive disorder. Biol
Psychiatry (2011) 69:867–74. doi: 10.1016/j.biopsych.2010.12.003

122. Hauser TU, Iannaccone R, Dolan RJ, Ball J, Hättenschwiler J, Drechsler R,
et al. Increased fronto-striatal reward prediction errors moderate decision
making in obsessive–compulsive disorder. Psychol Med (2017) 47(7):1246–
58. doi: 10.1017/S0033291716003305

123. Jung WH, Kang DH, Han JY, Jang JH, Gu BM, Choi JS, et al. Aberrant
ventral striatal responses during incentive processing in unmedicated
patients with obsessive-compulsive disorder. Acta Psychiatrica Scand
(2011) 123:376–86. doi: 10.1111/j.1600-0447.2010.01659.x

124. Jung WH, Kang DH, Kim E, Shin KS, Jang JH, Kwon JS. Abnormal
corticostriatal-limbic functional connectivity in obsessive-compulsive
disorder during reward processing and resting-state. NeuroImage: Clin
(2013) 3:27–38. doi: 10.1016/j.nicl.2013.06.013

125. Kaufmann C, Beucke JC, Preusse F, Endrass T, Schlagenhauf F, Heinz A,
et al. Medial prefrontal brain activation to anticipated reward and loss in
obsessive-compulsive disorder. NeuroImage: Clin (2013) 2:212–20. doi:
10.1016/j.nicl.2013.01.005

126. Koch K, Reeß TJ, Rus OG, Gürsel DA, Wagner G, Berberich G, et al.
Increased default mode network connectivity in obsessive–compulsive
disorder during reward processing. Front Psychiatry (2018) 9:254. doi:
10.3389/fpsyt.2018.00254

127. Murray GK, Knolle F, Ersche KD, Craig KJ, Abbott S, Shabbir SS, et al.
Dopaminergic drug treatment remediates exaggerated cingulated prediction
error responses in obsessive-compulsive disorder. Psychopharmacology
(2019) 236(8):2325–36. doi: 10.1007/s00213-019-05292-2

128. Remijnse PL, Nielen MM, van Balkom AJ, Hendriks GJ, Hoogendijk WJ,
Uylings HB, et al. Differential frontal-striatal and paralimbic activity during
reversal learning in major depressive disorder and obsessive-compulsive
disorder . Psychol Med (2009) 39(9) :1503–18. doi : 10 .1017/
S0033291708005072

129. Thorsen AL, Hagland P, Radua J, Mataix-Cols D, Kvale G, Hansen B, et al.
Emotional processing in obsessive-compulsive disorder: A systematic review and
meta-analysis of 25 functional neuroimaging studies. Biol Psychiatry: Cogn
Neurosci Neuroimaging (2018) 3:563–71. doi: 10.1016/j.bpsc.2018.01.009

130. De Wit SJ, van der Werf YD, Mataix-Cols D, Trujillo JP, van Oppen P,
Veltman DJ, et al. Emotion regulation before and after transcranial magnetic
stimulation in obsessive compulsive disorder. Psychol Med (2015) 45:3059–
73. doi: 10.1017/S0033291715001026

131. Fernández de la Cruz L, Landau D, Iervolino AC, Santo S, Pertusa A, Singh S,
et al. Experiential avoidance and emotion regulation difficulties in hoarding
disorder. J Anxiety Disord (2013) 27(2):204–9. doi: 10.1016/
j.janxdis.2013.01.004

132. Fink J, Pflugradt E, Stierle C, Exner C. Changing disgust through imagery
rescripting and cognitive reappraisal in contamination-based obsessive-
compulsive disorder. J Anxiety Disord (2018) 54:36–48. doi: 10.1016/
j.janxdis.2018.01.002

133. Paul. S, Simon D, Endrass T, Kathmann N. Altered emotion regulation in
obsessive-compulsive disorder as evidenced by the late positive potential.
Psychol Med (2016) 46:137–47. doi: 10.1017/S0033291715001610

134. Picó-Pérez M, Ipser J, Taylor P, Alonso P, López-Solà C, Real E, et al.
Intrinsic functional and structural connectivity of emotion regulation
networks in obsessive-compulsive disorder. Depression Anxiety (2019) 36
(2):110–20. doi: 10.1002/da.22845

135. Yap K, Mogan C, Moriarty A, Dowling N, Blair-West S, Gelgec C, et al.
Emotion regulation difficulties in obsessive-compulsive disorder. J Clin
Psychol (2017) 74:695–709. doi: 10.1002/jclp.22553

136. Ullsperger M, Fischer AG, Nigbur R, Endrass T. Neural mechanisms and
temporal dynamics of performance monitoring. Trends Cogn Sci (2014) 18
(5):259–67. doi: 10.1016/j.tics.2014.02.009

137. Proudfit GH, Inzlicht M, Mennin DS. Anxiety and error monitoring: the
importance of motivation and emotion. Front Hum Neurosci (2013) 7:636.
doi: 10.3389/fnhum.2013.00636

138. Gross JJ, John OP. Individual differences in two emotion regulation
processes: implications for affect, relationships, and well-being. J Pers Soc
Psychol (2003) 85(2):348–62. doi: 10.1037/0022-3514.85.2.348
March 2020 | Volume 11 | Article 118

https://doi.org/10.1017/S0954579408000503
https://doi.org/10.1016/j.tics.2006.08.008
https://doi.org/10.1016/j.jpsychires.2008.05.007
https://doi.org/10.1016/j.jad.2012.04.001
https://doi.org/10.1176/appi.neuropsych.15090233
https://doi.org/10.1037/0022-3514.44.1.113
https://doi.org/10.1016/j.jad.2013.03.009
https://doi.org/10.1016/j.adolescence.2005.08.010
https://doi.org/10.1023/B:JADD.0000022607.19833.00
https://doi.org/10.1023/B:JADD.0000022607.19833.00
https://doi.org/10.1093/brain/123.6.1122
https://doi.org/10.1016/j.cpr.2014.03.003
https://doi.org/10.1016/j.cpr.2014.03.003
https://doi.org/10.1007/s11920-013-0357-4
https://doi.org/10.1007/s00429-013-0570-2
https://doi.org/10.2147/NDT.S37174
https://doi.org/10.1016/j.nicl.2018.04.002
https://doi.org/10.1016/j.jpsychires.2015.05.001
https://doi.org/10.1017/S0033291703008134
https://doi.org/10.1016/j.pscychresns.2012.02.002
https://doi.org/10.1371/journal.pone.0045938
https://doi.org/10.1371/journal.pone.0045938
https://doi.org/10.1016/j.biopsych.2010.12.003
https://doi.org/10.1017/S0033291716003305
https://doi.org/10.1111/j.1600-0447.2010.01659.x
https://doi.org/10.1016/j.nicl.2013.06.013
https://doi.org/10.1016/j.nicl.2013.01.005
https://doi.org/10.3389/fpsyt.2018.00254
https://doi.org/10.1007/s00213-019-05292-2
https://doi.org/10.1017/S0033291708005072
https://doi.org/10.1017/S0033291708005072
https://doi.org/10.1016/j.bpsc.2018.01.009
https://doi.org/10.1017/S0033291715001026
https://doi.org/10.1016/j.janxdis.2013.01.004
https://doi.org/10.1016/j.janxdis.2013.01.004
https://doi.org/10.1016/j.janxdis.2018.01.002
https://doi.org/10.1016/j.janxdis.2018.01.002
https://doi.org/10.1017/S0033291715001610
https://doi.org/10.1002/da.22845
https://doi.org/10.1002/jclp.22553
https://doi.org/10.1016/j.tics.2014.02.009
https://doi.org/10.3389/fnhum.2013.00636
https://doi.org/10.1037/0022-3514.85.2.348
https://www.frontiersin.org/journals/psychiatry
http://www.frontiersin.org/
https://www.frontiersin.org/journals/psychiatry#articles


Jansen et al. Social Cognition and Obsessive-Compulsive Disorder
139. Gratz KL, Roemer L. Multidimensional assessment of emotion regulation
and dysregulation: development, factor structure, and initial validation of the
difficulties in emotion regulation scale. J Psychopathol Behav Assess (2004)
26:41–54. doi: 10.1023/B:JOBA.0000007455.08539.94

140. Hajcak G, MacNamara A, Olvet DM. Event-related potentials, emotion, and
emotion regulation: an integrative review. Dev Neuropsychol (2010) 35:129–
55. doi: 10.1080/87565640903526504

141. Garnefski N, Kraaij V, Spinhoven P. Negative life events, cognitive emotion
regulation and emotional problems. Pers Individ Dif (2001) 30:1311–27. doi:
10.1016/S0191-8869(00)00113-6

142. Oltmanns TF, Gibbs NA. Emotional responsiveness and obsessive-
compulsive behavior. Cogn Emotion (1995) 9(6):563–78. doi: 10.1080/
02699939508408983

143. Price J, Cole V, Goodwin GM. Emotional side-effects of selective serotonin
reuptake inhibitors: qualitative study. Br J Psychiatry (2009) 195:211–7. doi:
10.1192/bjp.bp.108.051110

144. Salkovskis P, Shafrana R, Rachman S, Freeston MH. Multiple pathways to
inflated responsibility beliefs in obsessional problems: possible origins and
implications for therapy and research. Behav Res Ther (1999) 37:1055–72.
doi: 10.1016/S0005-7967(99)00063-7

145. Mancini F, Gangemi A. Fear of guilt from behaving irresponsibly in
obsessive–compulsive disorder. J Behav Ther Exp Psychiatry (2004) 35
(2):109–20. doi: 10.1016/j.jbtep.2004.04.003

146. Shuman V. Studying the social dimension of emotion regulation. Front
Psychol (2013) 4:6–8. doi: 10.3389/fpsyg.2013.00922

147. Wu MS, McGuire JF, Martino C, Phares V, Selles RR, Storch EA. A meta-
analysis of family accommodation and OCD symptom severity. Clin Psychol
Rev (2016) 45:34–44. doi: 10.1016/j.cpr.2016.03.003

148. Fennell D, Liberato ASQ. learning to live with OCD: labeling, the self, and
s t igma. Dev iant Behav (2007) 28(4) :305–31 . do i : 10 .1080/
01639620701233274

149. Foa EB, Amir N, Bogert KVA, Molnar C, Przeworski A. Inflated perception
of responsibility for harm in obsessive–compulsive disorder. J Anxiety Disord
(2001) 15(4):259–75. doi: 10.1016/S0887-6185(01)00062-7

150. PradoCE,Watt. S, CroweSF.Ameta-analysis of the effects of antidepressants on
cognitive functioning in depressed and non-depressed samples. Neuropsychol
Rev (2018) 28(1):32–72. doi: 10.1007/s11065-018-9369-5

151. Summerfeldt LJ, Kloosterman PH, Antony MM, Swinson RP. Examining an
obsessive-compulsive core dimensions model: structural validity of harm
avoidance and incompleteness. J Obsessive-Compulsive Relat Disord (2014)
3:83–94. doi: 10.1016/j.jocrd.2014.01.003

152. Henry J, Cowana DG, Lee T, Sachdev PS. Recent trends in testing social
cognition. Curr Opin Psychiatry (2015) 28(2):133–40. doi: 10.1097/
YCO.0000000000000139

153. Cotter J, Granger K, Backx R, Hobbs M, Looi CY, Barnett JH. Social cognitive
dysfunction as a clinical marker: a systematic review of meta-analyses across
30 clinical conditions. Neurosci Biobehav Rev (2018) 84:92–9. doi: 10.1016/
j.neubiorev.2017.11.014

154. Aldao A, Nolen-Hoeksema S, Schweizer S. Emotion-regulation strategies
across psychopathology: a meta-analytic review. Clin Psychol Rev (2010)
30:217–37. doi: 10.1016/j.cpr.2009.11.004

155. Statucka M, Walder DJ. Efficacy of social cognition remediation programs
targeting facial affect recognition deficits in schizophrenia: a review and
Frontiers in Psychiatry | www.frontiersin.org 38
consideration of high-risk samples and sex differences. Psychiatry Res (2013)
206(2–3):125–39. doi: 10.1016/j.psychres.2012.12.005

156. Hofmann SG, Doan SN, Sprun M,Wilson A, Ebesutani C, Andrews LA, et al.
Training children's theory-of-mind: a meta-analysis of controlled studies.
Cognition (2016) 150:200–12. doi: 10.1016/j.cognition.2016.01.006

157. Vass E, Fekete Z, Simon V, Simon L. Interventions for the treatment of
theory of mind deficits in schizophrenia: systematic literature review.
Psychiatry Res (2018) 267:37–47. doi: 10.1016/j.psychres.2018.05.001

158. Allen LB, Barlow DH. Relationship of exposure to clinically irrelevant
emotion cues and obsessive-compulsive symptoms. Behav Mod (2009)
33:743–62. doi: 10.1177/0145445509344180

159. Klimecki OM, Leiberg S, Ricard M, Singer T. Differential pattern of
functional brain plasticity after compassion and empathy training. Soc
Cogn Affect Neurosci (2014) 9:873–9. doi: 10.1093/scan/nst060

160. Schilbach L, Timmermans B, Reddy V, Costall A, Bente G, Schlicht T, et al.
Toward a second-person neuroscience. Behav Brain Sci (2013) 36(4):393–
414. doi: 10.1017/S0140525X12000660

161. Schneider D, Slaughter VP, Dux PE. Current evidence for automatic theory
of mind processing in adults. Cognition (2017) 162:27–31. doi: 10.1016/
j.cognition.2017.01.018

162. Callenmark B, Kjellin L, Rönnqvist L, Bölte S. Explicit versus implicit social
cognition testing in autism spectrum disorder. Autism (2014) 18(6):684–93.
doi: 10.1177/1362361313492393

163. Schneider D, Slaughter VP, Bayliss AP, Dux PE. A temporally sustained
implicit theory of mind deficit in autism spectrum disorders. Cognition
(2013) 129:410–7. doi: 10.1016/j.cognition.2013.08.004

164. Parsons TD, Gaggioli A, Riva G. Virtual reality for research in social
neuroscience. Brain Sci (2017) 7(4):42. doi: 10.3390/brainsci7040042

165. Riesel A, Goldhahn S, Kathmann N. Hyperactive performance monitoring as
a transdiagnostic marker: results from health anxiety in comparison to
obsessive–compulsive disorder. Neuropsychologia (2017) 96:1–8. doi:
10.1016/j.neuropsychologia.2016.12.029

166. De Bruijn ERA, Jansen M, Overgaauw S. Enhanced error-related brain
activations for mistakes that harm others: ERP evidence from a novel
social performance-monitoring paradigm. NeuroImage (2020) 204:116238.
doi: 10.1016/j.neuroimage.2019.116238

167. De Bruijn ERA, de Lange FP, von Cramon DY, Ullsperger M. When errors
are rewarding. J Neurosci (2009) 29:12183–6. doi : 10.1523/
JNEUROSCI.1751-09.2009

168. De Bruijn ERA, Ruissen MI, Radke S. Electrophysiological correlates of
oxytocin induced enhancement of social performance monitoring. Soc Cogn
Affect Neurosci (2017) 12:1668–77. doi: 10.1093/scan/nsx094

Conflict of Interest: The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be construed as a
potential conflict of interest.

Copyright © 2020 Jansen, Overgaauw and De Bruijn. This is an open-access article
distributed under the terms of the Creative Commons Attribution License (CC BY).
The use, distribution or reproduction in other forums is permitted, provided the
original author(s) and the copyright owner(s) are credited and that the original
publication in this journal is cited, in accordance with accepted academic practice. No
use, distribution or reproduction is permitted which does not comply with these terms.
March 2020 | Volume 11 | Article 118

https://doi.org/10.1023/B:JOBA.0000007455.08539.94
https://doi.org/10.1080/87565640903526504
https://doi.org/10.1016/S0191-8869(00)00113-6
https://doi.org/10.1080/02699939508408983
https://doi.org/10.1080/02699939508408983
https://doi.org/10.1192/bjp.bp.108.051110
https://doi.org/10.1016/S0005-7967(99)00063-7
https://doi.org/10.1016/j.jbtep.2004.04.003
https://doi.org/10.3389/fpsyg.2013.00922
https://doi.org/10.1016/j.cpr.2016.03.003
https://doi.org/10.1080/01639620701233274
https://doi.org/10.1080/01639620701233274
https://doi.org/10.1016/S0887-6185(01)00062-7
https://doi.org/10.1007/s11065-018-9369-5
https://doi.org/10.1016/j.jocrd.2014.01.003
https://doi.org/10.1097/YCO.0000000000000139
https://doi.org/10.1097/YCO.0000000000000139
https://doi.org/10.1016/j.neubiorev.2017.11.014
https://doi.org/10.1016/j.neubiorev.2017.11.014
https://doi.org/10.1016/j.cpr.2009.11.004
https://doi.org/10.1016/j.psychres.2012.12.005
https://doi.org/10.1016/j.cognition.2016.01.006
https://doi.org/10.1016/j.psychres.2018.05.001
https://doi.org/10.1177/0145445509344180
https://doi.org/10.1093/scan/nst060
https://doi.org/10.1017/S0140525X12000660
https://doi.org/10.1016/j.cognition.2017.01.018
https://doi.org/10.1016/j.cognition.2017.01.018
https://doi.org/10.1177/1362361313492393
https://doi.org/10.1016/j.cognition.2013.08.004
https://doi.org/10.3390/brainsci7040042
https://doi.org/10.1016/j.neuropsychologia.2016.12.029
https://doi.org/10.1016/j.neuroimage.2019.116238
https://doi.org/10.1523/JNEUROSCI.1751-09.2009
https://doi.org/10.1523/JNEUROSCI.1751-09.2009
https://doi.org/10.1093/scan/nsx094
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/psychiatry
http://www.frontiersin.org/
https://www.frontiersin.org/journals/psychiatry#articles

	Social Cognition and Obsessive-Compulsive Disorder: A Review of Subdomains of Social Functioning
	Introduction
	Social Cue Perception
	Affective Social Cues
	Facial Emotion Recognition
	Facial Emotion Recognition in Patients With OCD
	The Role of Symptom Severity in Facial Emotion Recognition
	The Role of Symptom Subtype in Facial Emotion Recognition
	Biases in Facial Emotion Recognition
	Neural Correlates of Facial Emotion Processing

	Affective Prosody

	Nonaffective Social Cues
	Section Summary and Discussion: Social Cue Perception

	Mentalizing/ToM
	Mentalizing/ToM in OCD
	The Role of Symptom Severity and Level of Insight in ToM
	Section Summary and Discussion: Mentalizing/ToM

	Experience Sharing and Empathy
	Motor Resonance
	Affect Sharing and Empathy
	Section Summary and Discussion: Experience Sharing and Empathy

	Emotion Experience and Regulation
	Emotion Experience
	Emotion Regulation
	Section Summary and Discussion: Emotion Experience and Regulation

	Discussion
	Toward a Social Neurocognitive Interactive Account of OCD
	Conclusion
	Author Contributions
	Funding
	Acknowledgments
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU (T&F settings for black and white printer PDFs 20081208)
  >>
  /ExportLayers /ExportVisibleLayers
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


