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Editorial on the Research Topic

Social Interaction in Neuropsychiatry

INTRODUCTION

Psychiatric disorders can affect and are even conditioned on our ability to successfully and
enjoyably interact with other people. Conversely, facing difficulties in social relations or being
socially isolated is known to increase the risk of developing a psychiatric disorder and strongly
impacts symptom progression and health outcomes. This tight link between social interaction
and risk for mental health challenges has been taken to suggest that psychiatric disorders can
be construed as disorders of social interaction (1). This link places a focus on the dynamics and
mechanisms of social interaction, which may usher in new research perspectives for quantitative,
multi-scale approaches that aim to advance the transdiagnostic investigation of the behavioral and
neural mechanisms of psychiatric disorders (2).

This Research Topic on “Social Interaction in Neuropsychiatry” attracted a sizable number of
contributions from ∼100 authors who addressed important questions about the nature of social
interaction, its behavioral and neural mechanisms and relationship to psychiatric disorders. A total
of 16 articles were published under this Topic, encompassed under four broad themes spanning
clinical implications, developmental perspectives, contextual considerations on processing and
methodological innovations.

CLINICAL IMPLICATIONS OF SOCIAL PROCESSING GONE AWRY

A key theme of many articles in this Research Topic pertains to how disruptions in or atypical
social processing can contribute to risk for neuropsychiatric disorders. At the same time, working
to address social processing impairments can offer uncharted opportunities for resilience in
the face of neuropsychiatric conditions. Blanchard et al. examined the ways in which sleep
problems, commonly found in individuals with psychosis, lead to severe social impairments.
Across clinical diagnoses, they evaluated multiple social domains, and found that addressing
sleep problems can have a strong beneficial effect for improving both social skills and, indirectly,
improving psychotic symptoms. This insight suggests a new avenue for approaching major
neuropsychiatric symptoms, with an intervention that is relatively simple and without significant
risk (e.g., a behavioral sleep intervention). Looking beyond the individual to the developmental
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dyad of mothers and their children, Apter-Levy et al.
demonstrated that chronic depression alters mothers’
dehydroepiandrosterone (DHEA) and DHEA-to-cortisol ratio.
In turn, these alterations in hormonal levels drive reductions in
sensitive maternal caregiving. However, as the authors point out,
this is a delicate developmental “dance,” with improvements in
maternal sensitivity eliciting from the child behaviors that further
improve DHEA levels and balance DHEA-to-cortisol ratios, thus
potentially initiating a positive social biofeedback mechanism. In
a time at which many are carefully examining their own implicit
biases towards others, Hauschild et al. provide evidence for an
own-age bias in facial emotion recognition for adolescents with
and without autism spectrum disorder (ASD). This discovery
has probably not been anticipated because in many fields autistic
individuals would not have been predicted to be as susceptible to
these common cognitive-perceptual biases. This is an intriguing
new lead that deserves further study to understand the possible
clinical implications. Finally, several systematic reviews appear
in this research topic covering a range of both relatively mature,
yet still exciting and growing areas of research. These include
the role of speech prosody in psychopathology and linguistics
(Lucarini et al.) and empathic accuracy in clinical populations
(Jansen et al.) to relatively new areas including the study of social
cognition in obsessive-compulsive disorder (Rum and Perry
et al.).

DEVELOPMENTAL PERSPECTIVES ON

DISORDERED SOCIAL INTERACTIONS

Taking a developmental perspective, a trio of articles provide
unique insights into how social interactive experiences during
early childhood and adolescent years (whether experienced in
person or in the virtual sphere) may have important and lasting
consequences for lifelong mental health. In their article “A
Social Neuroscience Approach to Interpersonal Interaction in
the Context of Disruption and Disorganization of Attachment,”
White et al. provide a unique account of the neurobiological
“embedding” of disordered social interactions, and how this may
lay a path toward psychopathology in later life. They describe
a functional neuro-anatomical model of typical and disordered
human attachment (NAMA) which explains the emergence of
a disorganized attachment style through either hyper- or hypo-
arousing social interactions with caregivers, who act as either a
threatening or insufficient source of co-regulation, respectively.

Furthering the developmental theme, Cataldo et al. address
a timely issue of “Social Media Usage and the Development
of Psychiatric Disorders in Childhood and Adolescence,” a
topic that has gained particular relevance in the aftermath of
the global lockdowns imposed during the COVID pandemic.
Problematic social media use during the ages of 10 to 19 is
shown to be linked to a variety of mental health issues including
depression, anxiety, eating, and neurodevelopmental disorders.
Finally, Blair et al. provide empirical evidence that sexual abuse
during the adolescent years is associated with a heightened
neurobiological response to threatening stimuli – including both
faces and animals. This heightened neural responsiveness was

observed in regions beyond the amygdala, including the frontal
gyrus and posterior cingulate gyrus, suggestive of widespread
and fundamental changes in the individual’s basic perceptual
and emotional processing. Collectively, these articles highlight
the developmental sequelae of disordered social interactive
experiences during the formative years, and their impact on the
circuitry and organization of the developing brain.

IMPORTANCE OF CONTEXT ON NEURAL

AND PERCEPTUAL PROCESSING

During real-world social interactions communicative
information is embedded within a rich context that is complex,
dynamic and often not directly observable. Social and nonsocial
features of this complex environment interact to affect attention
and neural processing. Further, distractors compete with the
relevant social-communicative signals preventing effective
social interaction. Thus, to understand both typical and atypical
social interaction, social processes should be situated within
the appropriate context. Two papers within this issue examine
how context (e.g., presence of a person or environmental
noise) affects neural processing and how that neural processing
is closely related to social ability. Hernandez et al. examine
the neural correlates of speech perception in the presence of
ecologically-valid environmental noises in youth with and
without autism spectrum disorder (ASD). Their findings suggest
that a left-hemisphere language processing region may provide
a compensatory mechanism in autism to attend to speech in
the presence of competing background noise and potentially
facilitate more successful social interactions. Rolison et al.
examine contextual effects on neural processing through a
dual-brain EEG set-up. They demonstrate that the “resting
brain” is different in the presence of a person, regardless of
interaction status. Further, the extent to which one’s social
partner’s physical orientation (i.e., face-to-face or back-to-back)
modulated EEG gamma band power was related to self-reported
social functioning. These findings underscore the importance
of understanding the brain’s “default mode” within the social
context. The relatively novel methods discussed in this special
issue also allow for a better understanding of real-world social
perception. Vettori et al. use a frequency tagging method to
identify visual and neural preference for social (faces) compared
to non-social (houses) stimuli presented within the same visual
stream. By means of this method, the authors revealed a social
bias in typically developing participants but no such bias in
autistic participants.

METHODOLOGICAL INNOVATIONS IN

STUDYING SOCIAL INTERACTIVE

PROCESSES

Understanding dysfunctional dynamics and mechanisms of
social interaction requires methodological innovation at different
levels that address experimental design and the overarching
technical challenge of multi-subject measurement. A set of
articles within this Research Topic highlight these important
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methodological challenges. Like faces, point-light walkers are
frequently used as a measure of social perception. However,
typical paradigms rely on a single person performing a non-
communicative action (e.g., walking or biking). Okruszek and
Chrustowicz et al. provide a novel open-access database of point-
light displays that focus on reciprocal actions of multiple agents
which incorporates social interactions, emotions, and differing
perspectives (i.e., second-person and third-person). This toolbox
addresses the need for obtaining controlled stimuli depicting
social gestures and bodily interactions with vast potential for
application in neuropsychiatric research. Also, challenging the
experimental designs in social isolation, the study by Rolison et al.
implies that the mere presence of someone in the extrapersonal
space may shape neural oscillations, suggesting that neural
activity is tuned towards the presence of others.

In their review Pan and Cheng et al. provide an overview
of current approaches to examine two-person interactions
and discuss advances and challenges in moving the field
towards more interactive settings. They distinguish eye-to-eye
contact, body-to-body synchronization, and brain-to-brain
coupling as central dimensions to summarize recent findings
across clinical diagnoses outlining a novel perspective for
two-person approaches in psychological interventions of
psychiatric disorders. Addressing specific challenges of
examining body-to-body interactions in the fMRI, Renvall
et al., provide a proof-of-concept for measuring two
interacting subjects within one MRI scanner. Their custom
built fMRI coil allowed participants to lie face-to-face in a
shared peripersonal space. The sufficient signal properties
and the feasibility of this setup provide a perspective for
more accessible means to characterize neural mechanisms
of emerging phenomena during social interaction. A
comparable technical challenge is to characterize dynamic,
coordinated behavior under controlled and reproducible
conditions, specifically in children. Here, Baillin et al. use
the “Human Dynamic Clamp” [HDC, (3)] to characterize

elementary forms of social behavior or higher-level phenomena
such as intention attribution to distinguish children with
autism spectrum disorder from typical developing controls
during interpersonal coordination based on their objective
behavioral profile.

CONCLUSION

Taken together, this unique collection of articles clearly
demonstrates that social neuroscience and related fields of
research have not only taken an “interactive turn” by focusing
on the social interactive nature of human behavior (4),
but that this line of investigation is now being extended
into the clinical domain of psychology and psychiatry. Here,
it is being increasingly recognized that a mechanistic and
meaningful understanding of psychiatric disorders can only be
achieved by aiming for an integrative and pluralist account
of psychopathology, which focuses on the dynamics of social
interaction. Such an account will help to explain how social
interactions—or their absence—can constitute a risk factor for
the development of psychiatric disorders, and how helping
patients to increase their social interaction skills may turn out
to be a helpful transdiagnostic approach that promotes resilience
and positively affects mental health. Finally, taking social
interaction seriously may help to investigate how similarities
across interaction partners affect quality of life (5) and lead to
the refinement of patient-oriented approaches that are based
on a deeper understanding of how interpersonal dissimilarities
and mismatch in social interaction affect well-being. This
could then be described as an inter-personalized, rather than a
personalized psychiatry.
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Introduction: The ability to detect and interpret social interactions (SI) is one of the

crucial skills enabling people to operate in the social world. Multiple lines of evidence

converge to indicate the preferential processing of SI when compared to the individual

actions of multiple agents, even if the actions were visually degraded to minimalistic

point-light displays (PLDs). Here, we present a novel PLD dataset (Social Perception

and Interaction Database; SoPID) that may be used for studying multiple levels of social

information processing.

Methods: During a motion-capture session, two pairs of actors were asked to perform

a wide range of 3-second actions, including: (1) neutral, gesture-based communicative

interactions (COM); (2) emotional exchanges (Happy/Angry); (3) synchronous interactive

physical activity of actors (SYNC); and (4) independent actions of agents, either

object-related (ORA) or non-object related (NORA). An interface that allows single/dyadic

PLD stimuli to be presented from either the second person (action aimed toward

the viewer) or third person (observation of actions presented toward other agents)

perspective was implemented on the basis on the recorded actions. Two validation

studies (each with 20 healthy individuals) were then performed to establish the

recognizability of the SoPID vignettes.

Results: The first study showed a ceiling level accuracy for discrimination of

communicative vs. individual actions (93% ± 5%) and high accuracy for interpreting

specific types of actions (85 ± 4%) from the SoPID. In the second study, a robust effect

of scrambling on the recognizability of SoPID stimuli was observed in an independent

sample of healthy individuals.

Discussion: These results suggest that the SoPID may be effectively used to examine

processes associated with communicative interactions and intentions processing. The

database can be accessed via the Open Science Framework (https://osf.io/dcht8/).

Keywords: biological motion, communicative intentions, social perception, individual action, social interaction,

point-light animations, emotion recognition

8

https://www.frontiersin.org/journals/psychiatry
https://www.frontiersin.org/journals/psychiatry#editorial-board
https://www.frontiersin.org/journals/psychiatry#editorial-board
https://www.frontiersin.org/journals/psychiatry#editorial-board
https://www.frontiersin.org/journals/psychiatry#editorial-board
https://doi.org/10.3389/fpsyt.2020.00123
http://crossmark.crossref.org/dialog/?doi=10.3389/fpsyt.2020.00123&domain=pdf&date_stamp=2020-03-11
https://www.frontiersin.org/journals/psychiatry
https://www.frontiersin.org
https://www.frontiersin.org/journals/psychiatry#articles
https://creativecommons.org/licenses/by/4.0/
mailto:lukasz.okruszek@psych.pan.pl
https://doi.org/10.3389/fpsyt.2020.00123
https://www.frontiersin.org/articles/10.3389/fpsyt.2020.00123/full
http://loop.frontiersin.org/people/140643/overview
http://loop.frontiersin.org/people/815502/overview
https://osf.io/dcht8/


Okruszek and Chrustowicz Social Perception and Interaction Database

INTRODUCTION

Multiple lines of evidence indicate that encounters between
other agents are preferentially processed by healthy individuals.
Further, communicative interactions have been shown to be
easily discriminated from other types of actions (1–3), gain
preferential access to awareness (4), and are encoded as a single
unit in working memory (5). Psychophysics experiments have
also shown that healthy individuals are able to utilize top-down
knowledge about the communicative gesture of one agent to
predict both the type (6) and timing (7) of another agent’s
response. Furthermore, the processing of social interactions
elicits widespread activation of the main “social brain” networks,
compared to the individual actions of multiple agents (8–11).
Importantly, these effects may be observed for both naturalistic
full displays of agents (12–15) and minimalistic point-light
displays of social interactions (8, 10, 11, 16). Developed by
Johansson (17), point-light methodology limits the presentation
of agents to a set of light-dots representing the head, limbs,
and major joints of the agent’s body. Despite the extremely
limited amount of visual information presented via point-light
displays (PLDs), this type of vignette has been shown to carry
enough information to enable the recognition of an agent’s
action (18, 19), affective state (20), and a wide range of physical
characteristics. Furthermore, point-light stimuli have also been
used to investigate communicative intentions processing from
both single (21) and dyadic displays (3).

Manera et al. (3) presented the Communicative Interaction
Database (CID)—a set of 20 stimuli that presents dyadic
interactions based on the stereotypical use of communicative
gestures with point-light motion. CID stimuli have been used
to examine both reflective (2) and reflexive (1) social cognitive
processes in healthy individuals. Stimuli from the CID have
also been used to create a multilingual task for studying
communicative interaction recognition (2), which has been
effectively applied to study social cognition across various
clinical populations [patients with schizophrenia (22, 23), high
functioning individuals with autism spectrum disorders (24),
patients with temporal lobe epilepsy (25)]. Furthermore, CID
stimuli have been applied to investigate the neural correlates
of communicative interactions processing (10, 11). Additionally,
as the CID database was created in adherence to the protocols
used by Vanrie & Verfaillie (19), who presented a set of 22 non-
communicative single-agent point-light actions, stimuli from
both databases have previously been combined to obtain a
broader spectrum of actions for studying the neural correlates
of social interaction processing (11). However, the use of
such a combination of stimuli from various datasets may be
limited by several methodological factors (e.g., different actors
presenting communicative vs. individual actions, varying length
of the stimuli).

At the same time, given the widespread nature of social
interactions (SI) processing across neural networks, a recent
review of neural and behavioral findings in this area concluded
that the development of SI localizers, which entail various
types of social interaction vignettes, may facilitate research
in this area (9). Studies based on static pictures of various
types of social interactions have observed differential patterns

of brain activity (14) and connectivity (26) in affective vs.
cooperative interactions. Yet, due to the limited availability
of point-light stimuli, previous studies on SI processing
from PLDs either pooled various types of communicative
interactions into one category [e.g. (8)] or presented only
certain types of interactions (usually encounters based on the
typical use of communicative gestures: (10, 11). Furthermore,
it has been shown that communicative intentions may be
differentially processed from the second person (receiver) and
third person (observer) perspective (27). Thus, to address
the second person neuroscience postulates (28), future studies
should compare the processing of communicative intentions
from the second person (single figure presenting gesture toward
observer) and third person (displays of two agents acting
toward each other) perspectives. The aim of the current
project was to develop a database of point-light stimuli (Social
Perception and Interaction Database; SoPID) that addresses
the above listed issues by allowing for the creation of point-
light animations with a wide range of communicative and
individual actions, while flexibly manipulating the number of
agents presented (one vs. two), the viewing perspective, and
display options.

DATABASE CREATION

Pre-capturing Session
Two pairs of professional actors took part in the motion capture
procedure. One dyad consisted of male actors and one of
female actresses. During the pre-capturing session, actors were
familiarized with the list of actions that were to be recorded.
The list of situations to be recorded consisted of six categories,
each with 5–10 situations (see Data Sheet 1 for a full list of
the SoPID stimuli). For the communicative interactions (COM),
each of the actors was asked to play both the person initiating
the interaction via a communicative gesture (Agent A) and the
person responding to the communicative gesture of the other
agent (Agent B), thus producing two different takes on each
COM situation. A short description of each action was provided
to ensure that each dyad was enacting similar communicative
intention and a similar behavioral response. To ensure the
temporal synchronization of the animations, three sound signals
were presented during each recording: first to signal the onset
of the recording (played at T = 0 s.), second to signal the half-
time of the recording (played at T = 1.5 s.), and third to signal
the end of the recording (played at T= 3 s.). For animations that
presented the sequential actions of both agents (e.g., Agent A asks
Agent B to stand up, Agent B stands up), the actor playing Agent
A was asked to start his action at T = 0, while the actor playing
Agent B was asked to start responding at T= 1.5 s. The situations
were rehearsed until both actors were able to perform them with
the required timing. Moreover, to ensure the naturalistic yet
expressive movement of the actors during the capturing sessions,
a professional choreographer oversaw the actors’ rehearsal during
the pre-capturing session.

Motion Capture
The motion capture session was performed via a motion-capture
studio (White Kanga studio; Warsaw) using an OptiTrack
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(NaturalPoint, Corvallis, OR, USA) motion tracking system.
Twelve OptiTrack Prime 13 cameras were utilized to record the
movements of the actors at a 120Hz rate. The actors wore 41
reflective spherical markers placed according to the OptiTrack
Baseline+Hinged Toe system [full list and anatomical locations
of the markers available at https://v20.wiki.optitrack.com/index.
php?title=Baseline_%2B_Hinged_Toe,_with_Headband_(41)].
The motion capture room was a 7 x 7 meters square with a
3.8 meter high ceiling; a white line was painted on the floor
of the motion capture room to mark each actor’s subspace (7
x 3.5 meter). With the exception of enactments that included
physical contact between the agents, the actors were asked to
confine their actions within their subspaces. Similarly, most
of the sequences were recorded with actors facing each other
at a proximity of around 3 meters. At the beginning and end
of each recording, the actors were asked to perform a T-pose
(reference pose) at the central position of their subspace.
Additional props were used for the sequences that included
object-related actions (i.e., shovel, carton box, ax, saw, broom,
glass, hammer, toothbrush, football, chair). No markers were
used to tag the prop positions during the session, and thus
the objects were not displayed in animations. For the stimuli
that presented interaction between the agents (communicative
interactions, happy/angry and synchronous interactive activity),
the actions of both agents were recorded simultaneously to
ensure that the response of one agent was congruent with the
action of the other agent in terms of position, proxemics, and
timing. Actions for object- and non-object related displays
were recorded individually to minimize the potential effects
of between-agents synchrony while performing the actions.
Similarly, as during the pre-capturing session, sound cues were
used to inform actors about beginning (T = 0 s.), middle (T =

1.5 s), and end (T = 3 s.) points of each three-second period.
Furthermore, the point-light figures were previewed during the
session to enable instantaneous re-takes for unsuccessful takes
(Figure 1, upper).

Data Processing
Data from the motion capture session were further processed
using OptiTrack Motive 1.9 beta software. 2-D data from 12
cameras were used to obtain the 3-D coordinates of each marker.
Skeleton models consisting of 13 bright dots corresponding to
the head, arms, elbows, wrists, hips, knees, and ankles of each
actor were animated. Data preprocessing included inspection of
each of the recordings, data trimming to the period between the
onset (T = 0 s.) and offset (T = 3 s.) of the action, and manual
smoothing in case of any vibrating or fluttering movements. The
preprocessed data were extracted to FBX files.

Social Perception and Interaction

Database
To enable users without programming skills to access and
customize the stimuli according to their needs, preprocessed
stimuli may be accessed via an interface that is based on
the Unity engine (SoPID). The SoPID interface (which is
visualized in the Figure 2) allows for modification of numerous
stimuli characteristics and exports the customized stimuli
to movie files (.mp4) using the FFmpeg codec. Overall,

64 different actions of each agent can be accessed via the
SoPID and used to create experimental stimuli. Each of
the recorded actions may be accessed either separately as a
solo action or merged with a second action to produce a
stimulus presenting a pair of agents. This way, the SoPID
allows for a wide range of animations presenting a single
agent’s communicative or individual actions to be produced.
It also allows for the actions of two agents to be combined
into either congruent (by selecting one out of four Agent
A’s “Communicative Gestures” and any of the corresponding
responses of Agent B or by using a combination of either
“Happy,” “Angry,” or “Synchronous Interactive Activity” actions)
or incongruent (e.g., by mixing Agent A’s communicative
action with a non-corresponding action of Agent B) social
interactions or parallel individual actions of agents. The
whole list of actions available in the SoPID is presented in
Supplementary Table 1.

The SoPID interface also allows for flexible adjustment of
camera position. Four standard camera positionsmay be selected,
with the “Front” position corresponding to a 270 degree display
from the CID (Agent A on the left and Agent B on the right)
with the camera being placed on the middle line between
the agents, at a height of one meter and 15 meters from
the agents. Furthermore, by using the “Free” option, both the
camera placement (x—left/right; y—up/down; z—closer/further;
values in meters) and rotation (x—up/down; y—left/right; z—
horizontal/vertical; values in degrees) can be fully customized.
Both ortographic (with no depth cues—all points are same size)
and perspective (containing depth cues—parts of the actor that
are further from the observer are depicted by smaller points)
projections may be used to manipulate the availability of depth
cues in the animations. Additionally, marker size may be changed
(“Marker size,” values in centimeters) to modify the agents’
appearances and stick figures can be created instead of point-light
displays (“Show skeleton”). Finally, two standard modifications
that are commonly used in point-light studies can be applied
directly via the SoPID. First, by using the “Flicker” option, the
visual availability of the stimuli may be limited by selecting the
maximal number of simultaneously displayed markers (0–13)
and the time range for marker display/disappearance. Markers
are flickered by randomly assigning the onset and offset time
values separately for each marker with regard to the time range
provided by the user. In addition, by using the “Scramble”
option, the initial spatial position of each marker can be spatially
scrambled. Scrambling is applied by randomly drawing one
out of three dimensions for each marker and relocating its
initial position by X centimeters from its initial position in the
selected direction (e.g., 100% scrambling moves each marker
by one meter in either the x, y or z dimension). “Flicker” and
“Scramble” can be applied to both agents or selectively to each
agent. The database, as well as raw motion capture files, can
be accessed via the Open Science Framework (https://osf.io/
dcht8/).

METHODS

To examine the recognizability of the presented actions and the
effectiveness of the scrambling mechanism, two SoPID validation
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FIGURE 1 | Original (upper) and PLD (lower) version of the item presenting communicative interaction from SoPID [A (on the right) asks B (on the left) to sit down; B

sits down].

FIGURE 2 | Social Perception and Interaction Database interface.

studies were performed. The aim of Study 1 was to investigate
the detection of communicative intentions and the recognition of
specific actions of agents across a wide range of social interactions
and parallel non-communicative actions included in SoPID.
The goal of Study 2 was to examine the effectiveness of the
display manipulation procedures (in particular biological motion
scrambling procedure) implemented in SoPID, by comparing
the recognizability of human motion under various levels
of scrambling.

Stimuli
Study 1
Fifty-seven animations presenting the actions of two agents were
created using the SoPID (perspective camera with FoV = 10◦,
camera position = front, and marker size = 6). Six types of
stimuli were presented throughout the study: Communicative
gestures [COM, 10 animations: “Hello” (Female 2 as Agent
A); “Come closer” (Male 1 as Agent A), “Squat down” (F2),
“Stand up” (M1), “Look there” (F1), “Sit down” (M2), “Give
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me that” (F2), “Look at this” (M1), “Pick it up” (F2), “Go over
there” (M2)]; Angry exchanges (Angry, 5 animations: “Denying
accusations,” “Taking the blame,” “Stopping the conversation,”
“Fuming with rage,” “Confronting an aggressor (alternative)”);
Happy exchanges (Happy: 5 animations: “Jumping for joy,”
“Enjoying success,” “Celebrating and hugging,” “Sharing a
great news,” “Dancing of joy”); Non-object related parallel
individual actions (NORA, 10 animations: “Walking,” “Jumping
jacks,” “Jumping up and down,” “Jumping front and back,”
“Arm waving,” “Hip swinging,” “Torso twist,” “A-Skip,” “Squat
down,” “Lateral step,” “Lateral kick”); Object related parallel
individual actions (ORA, 9 animations: “Shoveling,” “Lifting
the box,” “Chopping wood,” “Sawing,” “Digging,” “Sweeping
the floor,” “Drinking,” “Hammering a nail,” “Brushing teeth”);
and Synchronous interactive activity of two agents [SYNC, 8
animations: “Dancing” (M/F), “Fencing” (M), “Football” (F),
“Throwing the ball” (M), “Boxing” (F), “Kickboxing” (M/F)].
To ensure that a similar number of stimuli were presented for
each category and to increase the comparability of recognition
accuracy levels across the categories, two stimuli (one with male
and one with female actors) were created for each situation
from the Angry and Happy categories. ORA and NORA movies
were created by merging the displays of two different actions
performed by two same-sex actors. Displays of each set of actions
with either male or female actors were included, thus producing
11 NORA and 9 ORA movies in total.

Study 2
Twenty movies [“come closer” (F), “squat down” (M), “stand up”
(M, F), “go over there” (F), “altercation” (M, F), “jumping for joy”
(F), “denying accusations” (M), “jumping for joy (alternative)”
(M), “walking” (F), “lateral kick” (F), “hip swinging” (M), “A-
skip” (M), “squat down” (M), “lifting the box” (F), “sweeping
the floor” (F), “brushing teeth” (F), “chopping wood” (M),
“digging” (M)] presenting the action of a single agent (Agent
A in case of COM, Angry and Happy) were created from the
SoPID (ortographic camera (size= 1.5), camera position= right,
and marker size = 6). Each animation was rendered at four
scrambling levels: 0, 15, 30, and 100%. Thus, 80 animations were
presented during the experimental procedure.

Participants
Participants for each of the studies were recruited from the
students of Warsaw-based universities. All of the participants
were right-handed. Participants were tested individually, and
had not participated in point-light experiments prior to the
examination. Twenty participants (9M/11F; 25.9 ± 9.1 yrs. old)
completed Study 1, while 20 participants (10M/10F; 24.2 ± 7.7
years old), who did not participate in Study 1, completed Study 2.

Apparatus and Procedures
Study 1
Each stimulus was presented twice, after which participants
were asked to: (1) classify whether the presented action was an
interaction (behavior of one agent affects the behavior of the
other) or not by responding to the response screen with two
options (Interaction vs. No interaction), and (2) to provide a

verbal description of the actions of the agents (which was written
down by the experimenter). The order of stimuli presentation
was pseudorandomized to avoid subsequent presentation of
more than two stimuli from the same category. The paradigm
was programmed using NBS Presentation 20, and the whole
procedure took ∼1 h. Verbal descriptions provided by the
participants were scored by a rater who did not participate
in data collection. Spontaneous descriptions for COM, SYNC,
Happy, and Angry were scored in a dichotomic manner (2
points for a correct verbal description vs. 0 points for an
incorrect description). Accuracy for ORA and NORA stimuli was
calculated by scoring one point for each correctly recognized
action from male and female presentations (0–2 points). For
interaction vs. individual actions classification, COM, Angry,
Happy and SYNC were treated as falling into the category
“interaction”, while ORA and NORA were treated as “individual
actions.” Two items (“Dancing for joy” and “Fuming with rage”)
without any explicit communicative cues were discarded from
this part of the analysis.

Study 2
Upon presentation of each animation, participants were asked
to indicate whether the presented animation resembled human
motion. Completion of the whole experimental procedure took
approximately 20 min.

Statistical Analysis
Study 1
To examine between-category differences in accuracy levels,
one way ANOVAs with Type of animation (six levels)
were performed separately for interaction recognition and
spontaneous identification of actions.

Study 2
The number of stimuli classified as “human” at each scrambling
level was compared to examine the effectiveness of the
scrambling procedure. The results were analyzed using
rmANOVA with the within-subject factor Scrambling (4 levels:
0, 15, 30, 100%).

RESULTS

Study 1
Behavioral accuracies for each type of the task are presented
below in Table 1.

Recognition of Communicative Intentions
No between category differences were observed for classifying
actions as either communicative or individual [F(5, 15) = 1.3; n.s.,
η
2
p = 0.07], with ceiling level recognition for all types of items. As

ceiling effects were observed for most of the categories in Study
1, we re-examined the results with a non-parametric Friedman
test of differences among repeated measures, which provided a
Chi-square value of 8.94 (p > 0.05).

Identification of Specific Action
A main effect of category was observed for the accuracy of
identification of specific actions [F(5, 15) = 23.9, p < 0.001, η

2
p
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TABLE 1 | Behavioral accuracy for recognition of communicative intentions and

identification of specific actions in Study 1 (mean ± standard deviation is given for

each category).

Angry Happy COM SYNC NORA ORA

Study 1 results

Recognition of

communicative

intentions (%)

95 ± 9 89 ± 13 95 ± 10 91 ± 11 94 ± 10 93 ± 8

Identification of

specific action (%)

81 ± 12 92 ± 11 78 ± 12 96 ± 6 95 ± 5 67 ± 13

TABLE 2 | Percentage of stimuli classified as a human motion for various levels of

scrambling in Study 2 (mean ± standard deviation is given for each category).

Scrambling level 0% 15% 30% 100%

Study 2 results

Percentage of stimuli classified

as a human motion

98 ± 3 68 ± 18 20 ± 13 3 ± 5

= 0.56]. Further investigation of this effect revealed the highest
recognition for SYNC, NORA and Happy, each of which were
identified at higher level than Angry and COM. Furthermore,
actions from all of the categories were identified more accurately
than ORA. As in the case of Study 1, we re-examined these
non-normally distributed variables with the Friedman test, which
provided a Chi-square value of 49.24 (p < 0.001).

Study 2
One participant with results over three standard deviations from
the mean value in two conditions (0 and 100%) was excluded
from the analysis. A robust effect of scrambling was observed
[F(3, 16) = 400.9; p < 0.001, η

2
p = 0.96]. Unscrambled stimuli

were classified as human motion significantly more often than
15, 30, and 100% scrambled motion. Similarly, 15% stimuli
were classified as human motion more often than 30 and 100%
scrambled displays, and 30% scrambled stimuli were classified
as human more often than 100% scrambled displays. All of the
contrasts were significant at p < 0.001. Similarly to Study 1, as a
non-normal distribution of results was observed for 0 and 100%
scrambled motion classification, we re-examined the results with
the Friedman test and found a significant (p < 0.001) effect with
a Chi-square of 55.68. The percentage of the stimuli classified as
a human motion at each scrambling level is presented in Table 2.

DISCUSSION

The present paper describes the Social Perception and Interaction
Database, a novel set of point-light displays that enables study
of the processing of a wide range of communicative and
individual actions from single-agent and two-agent vignettes.
The SoPID includes 32 animations presenting various types
of social interactions between two agents, including standard
use of communicative gestures (COM), synchronous interactive
physical activity (SYNC) and affective exchanges (either Happy

or Angry), as well as 20 animations of each actor performing
either object- (ORA) or non-object-related (NORA) individual
actions. Furthermore, by performing two validation studies,
we established that SoPID vignettes elicit similar effects to
those previously described in studies on intention and emotion
processing from PLDs.

Previous studies that used the CID database showed high
accuracy in recognition of communicative vs. individual actions
in healthy individuals (2, 29). Similarly, we observed a ceiling
level accuracy for classifying stimuli as either communicative
or individual across the six categories of stimuli included in
the first of the validation studies (ranging from 89% for Happy
to 95% for COM). Furthermore, the accuracy of identification
of specific communicative actions from the COM category
(78% ± 12%) was at a similar level as previously reported for
the multilingual CID task [74% ± 18%; (29)]. Interestingly,
more accurate identification of specific actions was observed for
three other categories of stimuli included in the study (Happy,
NORA, SYNC). This result may be linked to the fact that
both NORA and SYNC stimuli presented physical activity that
is usually associated with whole-body motion (e.g., jumping
or kick-boxing), which may have higher salience compared
to the more restricted actions (e.g., hand gestures) presented
across other categories. Thus, (1) as a salient movement may
have been easier to classify and (2) communicative gestures
need higher-order processing, and attribution of intent, both of
these aspects may have contributed to the better accuracy for
NORA and SYNC. Increased recognition of positively-valenced
social exchanges (Happy) compared to neutral communicative
interactions (COM) and negatively-valenced social exchanges
(Angry) is congruent with previous findings showing that the
positive emotional valence of stimuli facilitates biological motion
processing from single (30) and dyadic (31) point-light displays.
Finally, we observed that while object-related individual actions
were identified less accurately than any other type of SoPID
animations (67% ± 13%), their recognition rate was at a similar
level as the recognition rates of individual actions from the
well-established stimuli set by Vanrie et al. (19), which reported
a mean accuracy rate of 63% for a set of individual point-
light actions in 11 observers producing spontaneous descriptions
of the animations. In a second validation study, a robust
effect of the scrambling mechanism implemented in SoPID
was found: unscrambled and 100% scrambled stimuli were
almost unanimously categorized as, respectively, human and
non-human motion. Furthermore, the more subtle effects of
scrambling were also observed: a significant portion of the 15%
scrambled stimuli were classified by participants as resembling
human motion, while a large majority (80%) of the 30%
scrambled stimuli were classified as non-human motion.

These results suggest that the SoPID stimuli may be effectively
used in a wide range of experiments examining both basic (e.g.,
recognition of biological vs. scrambled motion) and higher-order
(e.g., recognition of communicative intentions of affective states
from PLDs) processing of biological motion. Moreover, a recent
review of the findings on emotion and intention processing from
biological motion in psychiatric disorders (32), has concluded
that disorder-specific social cognitive biases (e.g., negativity bias
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in depression, abnormal threat perception in anxiety) may be
effectively elicited by biological motion vignettes. The use of
recorded situations during which two or more actors interact
with each other is currently the primary method for social
cognitive assessment of communicative interactions processing
(33, 34). However, patients with neuropsychiatric disorders have
been shown to present decreased ability to process a wide range
of social signals (e.g., facial expressions, non-verbal prosody,
bodily movements), which need to be successfully integrated
to correctly process such complex situations. Thus, between-
group differences observed in studies based on paradigms
that utilize full-displays of actors to examine communicative
interactions processing in neuropsychiatric populations may be
affected by other perceptual issues or potentially distracting
elements of visual displays. Decreased recognition of affective
states and/or communicative intentions from point-light displays
have previously been documented in individuals with ASD
(35), patients with schizophrenia (36), affective disorders (37),
neurodegenerative diseases (38) and temporal lobe epilepsy
(25). Furthermore, previous studies that used CID stimuli
have provided evidence that a double dissociation between
explicit and implicit processes associated with communicative
interactions detection may be observed in two neuropsychiatric
populations (23, 24). Okruszek et al. (23)observed that patients
with schizophrenia, while being less accurate in explicitly
interpreting communicative interactions presented with point-
light displays, are able to use the communicative action of
one agent to predict the response of another agent during an
implicit task (“interpersonal predictive coding”). However, the
reverse pattern (intact explicit recognition of actions, but no
interpersonal predictive coding during an implicit task) was
observed in high-functioning individuals with ASD (24). At the
same time, the scope of the previous research in this area, due
to the limited availability of the stimuli, has been limited to
recognition of intentions from standard communicative gestures
from either single (38) or dyadic (22, 24, 25) displays. Therefore,
use of the SoPID may extend the area of investigation of
future studies to neuropsychiatric populations, by enabling the
examination of behavioral and neural responses to a wide range
of individual actions and communicative actions with or without
emotional content.

Investigation of the behavioral and neural correlates of
social interactions processing has been the focus of increasing
interest in recent years (9). Additionally, a framework integrating
current knowledge about the factors shaping the perception
of social interactions has recently been proposed [Integrative
Model of Relational Impression Formation, IMRIF; (39)].
The IMRIF emphasizes that accuracy of the perception
of social interactions is determined by four main types
of attributes: (1) content attributes (factors related to the
specifics of the interaction which is being perceived), (2)
target attributes (characteristics of the interacting agents), (3)
perceiver attributes (characteristics of the person perceiving the
interaction), and (4) context attributes (specific circumstances
under which an interaction is being perceived) (39). By
providing a rich source material that can be further customized
in multiple ways, the SoPID may be effectively used to

examine a wide range of research questions regarding the
factors impacting SI processing that have been suggested
by IMRIF.

Firstly, by including a wide range of actions from various
semantic categories and allowing users to create stimuli by
combining the actions of both agents, both within each category
and between the categories, a wide range of novel stimuli can be
created to study the impact of the content attributes on social
interaction processing. In addition, by enabling the congruency
of the actions in dyadic displays to be manipulated to create
both typical and novel ambiguous or paradoxical situations (e.g.,
agent B performs an action that is opposite to the request of
agent A). Secondly, target attributes can also be changed by
either modifying the presentation of the agents (e.g., point-
light agents vs. stick figures) or, as the SoPID includes actions
produced by four different actors (two male and two female), by
presenting the same situations involving different agents. Finally,
by enabling one to manipulate the observer’s visual perspective
and the presence of the second agent’s response, contextual
factors impacting the SI processing can also be studied. For
example, by presenting the same stimuli from a second- and
third-person perspective, the impact of the participant vs.
observer role for communicative intentions processing can be
examined. It has been shown that communicative intentions
directed toward the participant (second person perspective)
elicit larger activity within the crucial nodes of the mentalizing
network (medial prefrontal cortex, mPFC) and mirroring
(bilateral premotor cortex) compared to the observation of the
same communicative intentions observed from the third person
perspective (27). Similarly, the specific impact of the egocentric
(second-person) vs. allocentric (third-person) perspective on
neural activity elicited by coverbal gestures was observed
in the anterior cingulate region (40). These findings, which
suggest that neural computations supporting communicative
intention processing may be affected by the observer vs.
participant point of view, emphasize the importance of further
investigating the role of contextual factors in communicative
interactions processing.

The necessity of developing new tasks to study the factors
impacting third party encounter processing has recently been
stressed (9). By introducing a tool that enables manipulation
of SI content, target characteristics and contextual factors, the
SoPID allows for flexible creation of stimuli to develop novel
tasks for behavioral and neuroimaging research and to address
novel research hypotheses.
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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)].
g March 2020 | Volume 11 | Article 118117

https://www.frontiersin.org/articles/10.3389/fpsyt.2020.00118/full
https://www.frontiersin.org/articles/10.3389/fpsyt.2020.00118/full
https://www.frontiersin.org/articles/10.3389/fpsyt.2020.00118/full
https://loop.frontiersin.org/people/697590
https://loop.frontiersin.org/people/51764
https://loop.frontiersin.org/people/30295
https://www.frontiersin.org/journals/psychiatry
http://www.frontiersin.org/
https://www.frontiersin.org/journals/psychiatry#articles
http://creativecommons.org/licenses/by/4.0/
mailto:m.jansen@fsw.leidenuniv.nl
https://doi.org/10.3389/fpsyt.2020.00118
https://www.frontiersin.org/journals/psychiatry#editorial-board
https://www.frontiersin.org/journals/psychiatry#editorial-board
https://doi.org/10.3389/fpsyt.2020.00118
https://www.frontiersin.org/journals/psychiatry
http://crossmark.crossref.org/dialog/?doi=10.3389/fpsyt.2020.00118&domain=pdf&date_stamp=2020-03-13


Jansen et al. Social Cognition and Obsessive-Compulsive Disorder
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
Frontiers in Psychiatry | www.frontiersin.org 218
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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Jansen et al. Social Cognition and Obsessive-Compulsive Disorder
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 319
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
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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

20
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TABLE 1 | Continued

/

nt

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

21
s

o

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


TABLE 1 | Continued

/

nt

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
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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

22
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TABLE 1 | Continued

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.
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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

23
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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.
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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
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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
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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
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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 1181430
-
r
,
f

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 1531
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.
Frontiers in Psychiatry | www.frontiersin.org 1733
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.
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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.
Frontiers in Psychiatry | www.frontiersin.org 1834
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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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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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

(Continued)
Frontiers i
n Psychiatry
 | www.frontier
sin.org
 2036
 March 202
0 | 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
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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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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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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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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TABLE 4 | Continued

Domain Author Methods Participants Comorbid
diagnosis?

Concurrent
medication/

therapy

Task/
questionnaire

Emotions
assessed/

stimulus-type

Diagnosis/
symtom

assessment

Main results

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 2743
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 2844
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 2945
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
Frontiers in Psychiatry | www.frontiersin.org 3046
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
Frontiers in Psychiatry | www.frontiersin.org 3147
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
Frontiers in Psychiatry | www.frontiersin.org 3248
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,
Frontiers in Psychiatry | www.frontiersin.org 3349
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
Frontiers in Psychiatry | www.frontiersin.org 3450
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.
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The Presence of Another Person
Influences Oscillatory Cortical
Dynamics During Dual Brain EEG
Recording
Max J. Rolison, Adam J. Naples, Helena J. V. Rutherford and James C. McPartland*

Child Study Center, Yale School of Medicine, New Haven, CT, United States

Humans are innately social creatures and the social environment strongly influences brain
development. As such, the human brain is primed for and sensitive to social information
even in the absence of explicit task or instruction. In this study, we examined the influence
of different levels of interpersonal proximity on resting state brain activity and its
association with social cognition. We measured EEG in pairs of 13 typically developing
(TD) adults seated in separate rooms, in the same room back-to-back, and in the same
room facing each other. Interpersonal proximity modulated broadband EEG power from
4–55 Hz and individual differences in self-reported social cognition modulated these
effects in the beta and gamma frequency bands. These findings provide novel insight into
the influence of social environment on brain activity and its association with social
cognition through dual-brain EEG recording and demonstrate the importance of using
interactive methods to study the human brain.

Keywords: EEG, resting state, dual brain, social cognition, interactive social neuroscience, autism
spectrum disorder
INTRODUCTION

Social interaction is central to human experience and necessary for normative brain development.
The presence of another person is environmentally salient, drawing attention and neural resources
(1). During development, such social interactions provide required information to experience-
expectant brain systems supporting specialization of a network of brain regions for processing social
information (2, 3), and it is hypothesized that primate brains evolved to support complex social
cognition (4, 5). Thus, in addition to actively supporting social performance, this network remains
engaged even when a person is “at rest” rather than engaged in an explicitly social activity (6).

The association between resting state brain activity and social cognition is incompletely
understood. Neuroimaging studies consistently implicate atypical resting activity across multiple
modalities in clinical populations with impaired social cognition (7–10). Even in nonclinically
ascertained populations, EEG studies have identified alterations in power in the alpha frequency
range (8–13 Hz) associated with social cognition (11). Despite strong evidence for an association
between at-rest brain activity and social function, the majority of research has measured brain activity
when participants are in isolation in an EEG recording chamber, MRI, or MEG; we know little about
brain activity during in vivo social interactions. Interactive social neuroscience (12), or second person
g April 2020 | Volume 11 | Article 246155
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neuroscience (13), the study of brain function during live social
interaction, seeks to measure brain activity in a more ecologically
valid manner.

Increasing efforts have focused on using EEG hyperscanning
to understand the neural basis of social interactions, with
protocols being developed to allow this approach to be more
widely implemented across research groups (14). EEG
hyperscanning during cooperative games reveals variability in
the activity of different frequency bands in prefrontal areas (15),
with activity in prefrontal and anterior cingulate regions
differentiating player order during card games (16). EEG
hyperscanning has also evidenced value during cooperative
(17–19) and competitive social interactions (20, 21).
Additionally, EEG hyperscanning has demonstrated
interpersonal synchrony when people are performing
coordinated movements (22–26). Importantly, correlations
between participants’ EEG activity may be shaped by a host of
individual differences, including empathy, social closeness, and
autistic traits (27, 28). Clinically, hyperscanning approaches may
also be especially relevant to our understanding of the neural
basis of autism (12). Using fNIRS, children with ASD evidenced
variability in neural synchronization in frontal areas when
interacting with their parents compared to when they were
completing the task alone under parental observation or
during a no interaction comparison condition (29).

Using these methods, researchers have identified task-related
differences (28) and differences in the alpha, beta, and theta
frequency bands when participants were together versus alone,
which were modulated by anxious attachment style (30), but
relationships with resting brain activity and social performance
remain unexplored.

In this study, we examined how the presence of another
person modulated resting state brain activity. We recorded EEG
simultaneously from pairs of participants during three social
contexts: in separate rooms, together seated back-to-back, and
together facing each other. EEG data was recorded when
participants had their eyes open and their eyes closed across
the three social contexts. We predicted that variation in social
context would alter resting-state oscillatory brain activity.
Specifically, we expected that alpha would be sensitive to
changing social dynamics based on the well-established
evidence that alpha indexes vigilance and arousal, as well as
prior work demonstrating an association between alpha activity
and autistic traits (11). Additionally, we expected that variation
in oscillatory activity between contexts, as a marker of sensitivity
to social context, would be associated with social cognition, as
measured through self-report of social ability.
METHODS

Participants
Twenty college-aged participants from the New Haven
community (M=21.7 years, SD=0.45, 6 male) participated in 10
same-sex dyads (recruited independently and paired arbitrarily).
Exclusionary criteria included prescription medications affecting
Frontiers in Psychiatry | www.frontiersin.org 256
cognitive processes (including benzodiazepines, barbiturates,
antiepileptics, carbamazepine, and valproic acid), history of
head trauma or serious brain or psychiatric illness, or history
of learning or intellectual disability. All procedures were
conducted with the understanding and written consent of
participants and with approval of the Human Investigations
Committee at the Yale School of Medicine. Participants were
compensated for their participation in the study.

Behavioral Measures
Participants completed a series of self-report questionnaires
designed to measure variation across subclinical to clinical
levels of social and communicative performance and
impairment: the Social Responsiveness Scale 2nd Edition (31)
and the Broad Autism Phenotype Questionnaire (32).

EEG Procedures
Task
Following separate consenting procedures, participants were
introduced to one another and seated in the same room for
EEG application. During EEG recording, participants sat quietly
for two minutes in two eye orientations (eyes opened (EO) or
eyes closed (EC)) across three conditions: (1) “separate” rooms,
(2) the same room “back-to-back”, and (3) the same room
“facing” each other (Figure 1A). During EC across all three
social contexts, participants were instructed to remain still with
their eyes closed. During EO, when participants were in separate
rooms and back-to-back, they were instructed to remain still and
pick a point straight ahead and fixate on the point. When
participants were facing, they were instructed to remain still
while looking into each other’s eyes. Therefore, the facing EO
condition demonstrated joint-gaze. While a fixed order precludes
estimation of order effects, a full counterbalancing of
experimental conditions was not possible with the planned
sample size. Moreover, in order to draw comparisons between
the current study and prior studies of resting-state EEG recorded
in isolation, we similarly began by recording in separate rooms.
Additionally, we speculated that the novelty of the face-to-face
condition would limit the interpretation of subsequent
conditions. For these reasons, we adopted this fixed order of
social context administration.

EEG was recorded using the B-Alert X-24 20 channel wireless
EEG sensor net (Advanced Brain Monitoring Inc., Carlsbad CA).
Continuous EEG data was recorded at 256 Hz using B-Alert
acquisition software [Version 2.05.05; (33)] with joint mastoid
reference. Electrode impedance was kept under 10 kOhms with
Synapse Conductive Electrode Cream. Continuous EEG data
across systems was synchronized using a pair of ABM External
Sync Units (ESU) connected to the stimulus presentation
computer via a split cable TTL pulse. An audio tone signaling
the start and end of each condition was presented using E-Prime
2.0 (34). EEG was marked every 1000 milliseconds during
each condition.

EEG Processing
EEG was filtered from 0.5 to 100 Hz and preprocessed using
EEGLAB (35). Data was selected from frontal electrodes due to
April 2020 | Volume 11 | Article 246
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the importance of the frontal cortex in modulating attention
(Figure 1B). PREP pipeline (36) was used to remove line-noise,
detect, and interpolate bad channels. Next, independent
component analysis (ICA) was performed and eye-blink
components were manually identified based on scalp
topography and removed. Data was epoched into 1,000-ms
segments. Artifact detection was performed with a 40-µV
threshold using a 50-ms moving window in 25-ms steps, and
epochs containing artifact were rejected. Participants with more
than 50% rejected epochs per category were excluded from
analyses. Included participants had an average of 7.2%
rejected epochs.

Frequency decomposition was performed using the Fieldtrip
Toolbox (37). Theta (4–7 Hz), alpha (8–12 Hz), beta (12–24 Hz),
and gamma (30–40 Hz) frequency bands were defined based on
prior studies (30). Epochs were zero padded to contain 25,600
samples, mean detrended, windowed with a Hann window, and
power was calculated using a multitaper fast Fourier transform
(FFT) with four tapers.

Analyses
Data from 13 participants was included in analyses following
artifact detection. Parametric data was analyzed using repeated
measures analysis of variance (ANOVA), and data not meeting
criteria for normality as indicated by Shapiro-Wilk’s test was
analyzed using Friedman’s 2-way ANOVA by Rank. EEG power
in the theta and gamma frequency ranges was analyzed
separately using 3 (separate/back-to-back/facing) × 2 (EO/EC)
repeated measures ANOVA. EEG power in the alpha and beta
frequency ranges was analyzed separately using Friedman’s two-
way ANOVA by rank for eye orientation and condition. Planned
comparisons were performed to investigate directionality of
observed effects, utilizing paired samples t tests for parametric
data and Wilcoxon Signed Rank test for nonparametric data.
Spearman’s rank correlations were used for assessing the
Frontiers in Psychiatry | www.frontiersin.org 357
relationship between changes in EEG power and social
function. Difference scores were calculated by subtracting the
absolute power between different conditions (SEP-BACK,
BACK-FACE) For all analyses, the statistical significance level
was set at a < 0.05, and Bonferroni correction was applied to
correct for multiple comparisons. Effect size estimates for
analyses of variance, t-tests, and behavioral correlations were
calculated with partial eta-squared (h2

partial), Cohen’s d (d), and
Spearman’s rank correlation coefficient (r, rho), respectively.
Confidence intervals (CI) for Spearman’s rank correlations were
calculated based on the Fisher r-to-z transformation.
RESULTS

Theta Power
Spectral plots are shown in Figure 2. Results revealed a main
effect of eye orientation on theta power, F(1,12)=6.6, p=0.03,
h2

partial=0.35, with participants demonstrating greater theta-
band activity during EO relative to EC. Furthermore, there was
a main effect of condition, F(2,24)=4.2, p=0.03, h2partial=0.26,
indicating that theta activity was greater when separate
compared to back-to-back, p=0.01, or facing, p=0.04 (Figures
3A, B). There was no interaction between eye orientation and
condition, p=0.48.

Alpha Power
Results revealed greater alpha activity during EC than EO when
resting separately Z=−2.7, p < 0.01, back-to-back, Z=−2.2,
p=0.03, and facing, Z=−3.2, p < 0.01. Additionally, there was
an effect of condition during EC, c2(2)=11.2, p < 0.01, such that
alpha activity was greater when back-to-back compared to when
resting separately, Z=1.3, p < 0.01. There was no effect of
condition during EO, c2(2)=3.2, p=0.20 (Figures 3C, D).
A B

FIGURE 1 | (A) Participants were seated in separate rooms, back-to-back, and facing each other. (B) Data was selected and analyzed from frontal electrodes F3,
Fz, and F4.
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Beta Power
Results revealed greater beta activity during EC than EO when
resting separately, Z=−3.0, p < 0.01, back-to-back, Z=−3.0, p <
0.01, and facing, Z=−3.1, p < 0.01. There was no effect of
condition during EC, c2(2)=1.1, p=0.58. However, there was an
effect of condition during EO, c2(2)=12.2, p < 0.01, such that beta
activity was greater during joint-gaze while facing compared to
resting separately, Z=1.3, p < 0.01, or resting back-to-back,
Z=1.0, p=0.03 (Figures 3E, F).

Gamma Power
A significant interaction between eyes and condition, F(2,24)=
5.9, p < 0.01, h2partial=0.33, revealed that gamma activity was
greater during EO than EC when separate, t(12)=4.7, p < 0.01,
d=1.25, and when facing, t(12)=3.3, p < 0.01, d=0.84, but was
not different when back-to-back, t(12)=1.6, p=0.13. During
EO, gamma activity was greater when resting separately than
resting back-to-back, t(12)=4.2, p < 0.01, d=1.23, or facing with
joint-gaze, t(12)=2.4, p=0.03, d=0.73. However, there was no
difference between resting back-to-back or facing with joint-gaze
during EO, t(12) =−2.0, p=0.08. During EC, gamma activity was
greater when resting separately than resting back-to-back, t(12)
=2.5, p=0.03, d=0.51. Gamma activity was not different
when resting separately versus resting while facing, t(12)=2.1,
p=0.06, or back-to-back versus facing, t(12) =−1.3, p=0.21
(Figures 3G, H).

Behavioral Correlations
Greater difference in EC beta power when back-to-back versus
facing was associated with lower scores on the BAPQ, r=0.60,
p=0.03, 95% CI [0.074, 0.865] (Figure 4A).

Higher total score on the BAPQ was associated with greater
difference in EC gamma activity between separate and back-to-
back, r=0.61, p=0.03, 95% CI [0.089, 0.868] (Figure 4B).
Additionally, this difference score between separate and back-
to-back was associated with higher total score on the SRS,
r=0.70, p < 0.01, 95% CI [0.243, 0.902] (Figure 4C).
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DISCUSSION

The current study recorded resting-state EEG simultaneously
from two adults while social context was manipulated–with
participants separated, in the same room but back-to-back, or
in the same room and facing one another. Differential oscillatory
power in the theta, alpha, and gamma bands was observed when
participants were isolated; when in the presence of another
person, facing towards one another or away from one another
did not influence resting neural activity. These results suggest
that the social presence of another human, regardless of
interpersonal orientation, modulates brain activity. We
interpret these findings as suggestive of the adoption of an
“interpersonally-oriented stance” when in proximity to a
potential social partner. The activity was not modulated by
facing towards or away from the potential partner which
suggests that without an explicit social task, default mode
activity is tuned to the presence of another person rather than
more granular levels of information, such as face-to-face
orientation. Specifically, theta, alpha, and gamma activity
attenuation in the presence of another person suggest that
activity in these frequency bands may be suppressed in
preparation for social interaction.

Additionally, theta and gamma activity was greater when
resting with eyes open, while alpha and beta power was greater
while resting with eyes closed. These results are consistent with
prior studies demonstrating a balance of excitatory and
inhibitory activity with a U-shaped profile (38).

Greater difference in beta activity between being back-to-back
and facing another person with eyes closed was associated with
better self-reported social function. These findings suggest that
greater sensitivity to differences in the social environment may
contribute to better social cognition. Within the gamma band,
differential neural response to isolation versus presence of
another person was associated with self-reported social
function. Specifically, a greater difference in gamma activity
between separate and back-to-back was associated with more
EC EO
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FIGURE 2 | Plots of power spectra with standard error while resting with (A) eyes closed and (B) eyes open.
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impaired self-reported social function. Gamma activity has been
associated with social cognition and mentalizing (39), suggesting
a relationship between neural attunement to conspecifics and
social performance. Specifically, it has been hypothesized that
gamma activity is associated with the integration of sensory with
socially and emotionally salient information (39, 40), as well as
with emotional regulation (41). Additionally, gamma activity has
been associated with brain-to-brain synchronization during
social interactions (42). Our finding of a relationship between
gamma activity and social function aligns with prior research
demonstrating correlated resting gamma activity in familiar, but
not unfamiliar, dyads (42). These results add to a nascent
literature showing relationships among psychological attributes
and modulation of resting brain activity by the presence of
another person; for example, other studies have shown this
modulation to be related to attachment status (30). Given the
Frontiers in Psychiatry | www.frontiersin.org 660
relevance of social interaction to many clinical conditions, such
as autism spectrum disorder, this study reveals a novel avenue for
investigating social brain function dissociated from active
social tasks.

These findings indicate the overarching influence of
interpersonal proximity on resting brain activity. The
observation of neural modulation based on mere presence of
ano the r pe r son ha s s i gn ifi c an t imp l i c a t i on s f o r
electrophysiological brain research on resting neural activity.
Many investigations presume that resting state brain activity
represents a task-free “absolute” baseline. Our findings
demonstrate that the social environment influences baseline
brain activity, suggesting that methodological variation, such as
the presence of an examiner in the room, may exert significant
influence on results. These findings add to a growing literature
demonstrating the importance of studying the brain during
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social interaction across a variety of contexts. In particular, EEG
hyperscanning offers promise for the investigation of these
questions because EEG is relatively scalable, cost-effective, and
produces a robust signal (12, 14, 43).

Several limitations of the present study should be addressed in
future research. Our sample size was limited and precluded more
complex and exploratory analytic approaches, such as whole
scalp analyses, functional connectivity, and interbrain
synchrony. Replication and a more comprehensive analytic
approach will be required in future studies with larger samples.
Although our analyses do not examine interbrain
synchronization between dyads, we consider the simultaneous
recording an important part of the experimental procedure in
that both participants were in comparable circumstances (e.g.,
both observed), which would not be the case with only one
recording device (e.g., observer and observed). We felt that this
arrangement was necessary to be consistent with a naturalistic
social interaction. Because we utilized a fixed order for
conditions, we were not able to fully explore the effects of a
changing social context. Since we utilized only same-sex dyads
we could not examine the influence of sex on interpersonal
modulation of brain activity. We could not monitor eye gaze
during our face-to-face condition; given the importance of eye
contact, use of eye-tracking would enable more nuanced
investigation of the influence of eye contact during face-to-face
interactions. Additionally, gamma activity has been associated
with a multitude of cognitive processes, as well as eye
movements, thus unexplored factors may contribute to the
observed effects.
CONCLUSIONS

The current study recorded resting-state EEG simultaneously
from two adults in varying social contexts to investigate the
influence of the social environment on baseline brain activity.
Results reveal modulation of brain activity based on varying
levels of interpersonal proximity, specifically in the theta, alpha,
and gamma frequency bands. This study adds to a growing body
of evidence suggesting that resting state brain activity is strongly
subject to the influence of social context and that these
differences in resting state brain activity are associated with
social cognition. Our findings provide new insight into resting
Frontiers in Psychiatry | www.frontiersin.org 761
state neural dynamics and further emphasize the utility of
interactive social neuroscience approaches for the study of
varying brain states.
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Autism spectrum disorder (ASD) is a neurodevelopmental disorder characterized by lack
of attention to social cues in the environment, including speech. Hypersensitivity to
sensory stimuli, such as loud noises, is also extremely common in youth with ASD.
While a link between sensory hypersensitivity and impaired social functioning has been
hypothesized, very little is known about the neural mechanisms whereby exposure to
distracting sensory stimuli may interfere with the ability to direct attention to socially-
relevant information. Here, we used functional magnetic resonance imaging (fMRI) in youth
with and without ASD (N=54, age range 8–18 years) to (1) examine brain responses during
presentation of brief social interactions (i.e., two-people conversations) shrouded in
ecologically-valid environmental noises, and (2) assess how brain activity during
encoding might relate to later accuracy in identifying what was heard. During exposure
to conversation-in-noise (vs. conversation or noise alone), both neurotypical youth and
youth with ASD showed robust activation of canonical language networks. However, the
extent to which youth with ASD activated temporal language regions, including voice-
selective cortex (i.e., posterior superior temporal sulcus), predicted later discriminative
accuracy in identifying what was heard. Further, relative to neurotypical youth, ASD youth
showed significantly greater activity in left-hemisphere speech-processing cortex (i.e.,
angular gyrus) while listening to conversation-in-noise (vs. conversation or noise alone).
Notably, in youth with ASD, increased activity in this region was associated with higher
social motivation and better social cognition measures. This heightened activity in voice-
selective/speech-processing regions may serve as a compensatory mechanism allowing
youth with ASD to hone in on the conversations they heard in the context of non-social
distracting stimuli. These findings further suggest that focusing on social and non-social
stimuli simultaneously may be more challenging for youth with ASD requiring the
recruitment of additional neural resources to encode socially-relevant information.
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g April 2020 | Volume 11 | Article 343163

https://www.frontiersin.org/articles/10.3389/fpsyt.2020.00343/full
https://www.frontiersin.org/articles/10.3389/fpsyt.2020.00343/full
https://www.frontiersin.org/articles/10.3389/fpsyt.2020.00343/full
https://www.frontiersin.org/articles/10.3389/fpsyt.2020.00343/full
https://loop.frontiersin.org/people/149216
https://loop.frontiersin.org/people/149216
https://loop.frontiersin.org/people/335992
https://loop.frontiersin.org/people/335992
https://loop.frontiersin.org/people/958526
https://loop.frontiersin.org/people/958526
https://loop.frontiersin.org/people/958530
https://loop.frontiersin.org/people/958530
https://loop.frontiersin.org/people/958550
https://loop.frontiersin.org/people/958550
https://loop.frontiersin.org/people/958520
https://loop.frontiersin.org/people/958520
https://loop.frontiersin.org/people/958516
https://loop.frontiersin.org/people/958516
https://www.frontiersin.org/journals/psychiatry
http://www.frontiersin.org/
https://www.frontiersin.org/journals/psychiatry#articles
http://creativecommons.org/licenses/by/4.0/
mailto:mirella@ucla.edu
https://doi.org/10.3389/fpsyt.2020.00343
https://www.frontiersin.org/journals/psychiatry#editorial-board
https://www.frontiersin.org/journals/psychiatry#editorial-board
https://doi.org/10.3389/fpsyt.2020.00343
https://www.frontiersin.org/journals/psychiatry
http://crossmark.crossref.org/dialog/?doi=10.3389/fpsyt.2020.00343&domain=pdf&date_stamp=2020-04-24


Hernandez et al. Auditory Social Attention in ASD
INTRODUCTION

Autism spectrum disorder (ASD) is a common neurodevelopmental
disorder characterized by difficulties in social interaction and
communication, the presence of repetitive behaviors and restricted
interests, as well as sensory processing atypicalities (1). Research in
infants who later go on to get an ASD diagnosis has consistently
shown that allocation of attention to social stimuli is disrupted early
in development [for a review, see (2)]. For instance, young children
withASD fail to show a preference for listening to theirmothers' voice
(3), as well as to child-directed speech (4); disrupted attention to
language early in life may set the stage for subsequent atypical
language acquisition, as well as altered development of the neural
systems responsible for language processing. Importantly, the ability
to selectively attend to and learn from social interactions in one's
environment often requires the simultaneous filtering out competing
non-social stimuli. As heightened sensory sensitivity to mildly
aversive auditory stimuli (e.g., loud noises) is observed in a
significant number of children with ASD (5), we hypothesize that
this may be one potential mechanism through which attention may
be drawn away from social input in favor of other non-social stimuli
present in the environment. Despite growing interest in the
relationship between sensory processing and social impairments in
ASD (6–8), little research to date has investigated how individual
variability in neural responses to simultaneous social and non-social
sensory stimuli may relate to the ability to “hone in” on socially-
relevant input.

Converging neuroimaging data indicate altered brain
responses to language in individuals with ASD. While ASD is
characterized by a great deal of heterogeneity (9), young children
with ASD who go on to have poorer language skills show
hypoactivity in temporal cortex during language listening (10),
as well as reduced functional connectivity between nodes of the
language network (11). In children and adolescents with ASD,
functional MRI (fMRI) studies have found reduced functional
lateralization and increased rightward asymmetry during a
variety of language processing tasks, as compared to the
leftward asymmetry observed in neurotypical individuals (12–
17), as well as reduced connectivity between voice-selective
cortex and reward-related brain regions (18).

Importantly, however, in most real-life situations language is
not heard in isolation but against the background of other
competing sensory distractors (e.g., a buzzing fan, a barking
dog). In neurotypical adults, the bilateral posterior superior
temporal sulcus (pSTS) responds selectively to vocal stimuli,
and activity in this region is reduced when voice stimuli are
degraded or masked by background noise (19, 20). In contrast,
individuals with ASD fail to activate voice-selective regions in the
pSTS during exposure to vocal stimuli (12) and show increased
recruitment of right hemisphere language homologues (21).
Furthermore, the ability to detect speech-in-noise appears
reduced in individuals with ASD, who are poorer at identifying
speech heard in the context of background noise (22, 23).
Interestingly, a recent study showed that sensory processing
atypicalities modulate brain activity during language processing
in youth with ASD during simultaneous processing of sarcastic
Frontiers in Psychiatry | www.frontiersin.org 264
remarks and distracting tactile stimulation (24). However, it has
yet to be examined how sensory distractors in the same sensory
modality as speech may affect the allocation of attention to
language processing during social interactions. This type of
study has implications for understanding how auditory
filtering deficits may affect encoding of social information in
everyday life where conversations commonly occur in the
context of background noises.

In adults with ASD, heightened sensory over-responsivity
(SOR)—characterized by extreme behavioral response to
everyday sensory stimuli—is related to higher autism traits
(25). Importantly, roughly 65% of children with ASD show
atypical sensory responsivity to non-social auditory stimuli (26,
27), including a lower tolerance for loud noises (28, 29) and
hypersensitivity to certain environmental noises, such as the
sound of a dog barking or a vacuum cleaner (30). A growing
body of neuroimaging research also suggests that children with
ASD who have high levels of SOR display neural hyper-
responsivity to aversive visual, tactile, and auditory stimuli in
primary sensory brain regions and areas important for salience
detection (31, 32), suggesting that there may be an over-
allocation of attentional resources to sensory stimuli in youth
with ASD. Together, these data suggest that language processing
within social contexts in which there are other competing
sensory stimuli—such as those that occur in the natural
environment—may be particularly challenging for some
individuals with ASD.

Here, we examined brain responses to auditory social and
non-social stimuli in a paradigm where participants heard brief
conversations between two people which were shrouded in
competing environmental noises. Ecologically valid stimuli
were developed to examine the effects of ASD diagnosis on
neural processing of commonly encountered environmental
noise, conversation, and conversation-in-noise (i.e., noise and
conversation presented simultaneously). In addition,
participants completed a post-scan computerized test that
probed recognition of the noises and topics of conversation
presented during the fMRI paradigm, thus providing a
measure of attention to, and encoding of social and non-social
information. We hypothesized that, relative to neurotypical
youth, youth with ASD would show reduced activity in left
hemisphere language cortices when listening to conversation
alone, as well as increased activity in sensory cortices when
exposed to aversive noise. Further, we expected that the presence
of distracting noises during speech processing would result in
greater activation of subcortical and cortical brain regions
involved in sensory processing in youth with ASD relative to
neurotypical youth. Finally, we expected that the ability to
recognize details from the conversations heard in presence of
background noises would be associated with increased activity in
canonical left hemisphere language regions and voice-selective
cortex in the pSTS in both groups, reflecting the recruitment of
additional neural resources to “hone in” on social stimuli in the
context of non-social distractors; to the extent that some youth
with ASD may show hypersensitivity to auditory stimuli, we
expect this effect would be more pronounced in this group.
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MATERIALS AND METHODS

Participants
Participants were 26 youth with ASD and 28 age-matched
typically-developing (TD) youth who were recruited through
referrals from the University of California, Los Angeles (UCLA)
Child and Adult Neurodevelopmental (CAN) Clinic, as well as
from posted advertisements throughout the greater Los Angeles
area. Exclusionary criteria included any diagnosed neurological
or genetic disorders, as well as structural brain abnormalities, or
metal implants. ASD participants had a prior clinical diagnosis,
which was confirmed using the Autism Diagnostic Observation
Schedule—2nd Edition (ADOS-2) (33) and Autism Diagnostic
Interview-Revised (ADI-R) (34) by licensed clinicians at the
UCLA CAN Clinic. All participants had full-scale IQ above 70
as assessed by the Wechsler Abbreviated Scale of Intelligence
(35) (Table 1). Data were originally acquired for 30 ASD and 30
TD youth, 4 ASD participants, and 2 TD participants were
Frontiers in Psychiatry | www.frontiersin.org 365
excluded from the final sample due to excessive head motion
during fMRI data acquisition (i.e., greater than 3.5 mm of
maximum relative motion; see Table 1 for mean motion
parameters in the final sample). Study procedures were
approved by the UCLA Institutional Review Board and
informed consent and assent to participate in this research
were obtained in writing from legal guardians and
study participants.

Behavioral Measures
Social functioning was assessed in both ASD and TD youth using
the Social Responsiveness Scale—2nd Edition (SRS-2) (36). The
SRS-2 is intended for use in both neurotypical populations and
individuals with ASD and provides a measure of the severity of
social impairment associated with autism. In the current study,
we examined the relationship between t-scores for the socially-
relevant subscales of the SRS-2 (i.e., social awareness, social
cognition, social communication, and social motivation) and
neural activity during conversation-in-noise listening.

Experimental Design
During the fMRI scan, auditory stimuli were presented according
to a canonical block design (Figure 1A) using E-Prime 2.0
Software on a Dell Latitude E6430 laptop computer. Each
block consisted of 15 s of auditory stimulus presentation
alternating with 7.5 s of rest. A crosshair was presented at the
center of a white screen throughout the duration of the scan.
Blocks consisted of three types: conversation (C), noise (N), and
conversation-in-noise (CIN; i.e., conversation and noise
presented simultaneously). Stimuli were ecologically valid and
mimicked those encountered in everyday life, whereby one
overhears two people engaged in a conversation that is
shrouded by competing auditory stimuli, thus forcing the
listener to “hone in” on the socially relevant speech.
Inspiration for conversation topics were taken from scripted
television series focusing on childhood/adolescence (Figure 1B).
Speech passages were recorded by two actors (one male, one
female) using GarageBand 6.0.5 and an Apogee MiC digital
microphone connected to a Macintosh computer. Noise stimuli
were downloaded from Freesound.org. Selection of noise stimuli
ensured that they were ecologically valid (i.e., commonly
encountered in everyday life). The aversive nature of the
selected noises was rated in an independent sample (N=30)
using a 7-point Likert scale (1=not aversive, 7=extremely
aversive); the final 12 noise stimuli used in the fMRI paradigm
were rated as moderately aversive (rating M=4.7, range 3.6–5.5)
and included such sounds as a jackhammer, a police siren, and a
blender. Root-mean-square amplitude was normalized across all
stimuli to control for loudness. Stimuli were counterbalanced
such that half of the participants heard a given conversation
without noise, whereas the other half of participants heard the
same conversation masked by noise (i.e., in the CIN condition).
Likewise, for any given noise, half of participants heard the noise
alone, while the other half heard the noise in the CIN condition.
Each block type (C, N, CIN) was presented six times; order was
counterbalanced across subjects. The total run time was 7 min
and 7.5 s. Prior to the fMRI scan, participants were told that they
TABLE 1 | Descriptive statistics.

ASD mean
(SD)

TD mean
(SD)

t or
x2

Demographics
Sex (N male) 19 17 0.93
Age 13.75 (2.98) 13.78 (2.66) −0.04
Full IQ 102.42

(14.92)
113.11
(13.05)

−2.79 **

Nonverbal IQ 107.96
(17.61)

112.61
(12.69)

−1.11

Verbal IQ 97.42 (14.30) 110.64
(13.42)

−3.50 ***

SRS Total T-Score 68.77 (12.06) 44.46 (5.90) 9.30 ***
SRS Social Awareness T-Score 67.50 (11.19) 45.18 (6.98) 8.72 ***
SRS Social Cognition T-Score 67.27 (12.54) 44.54 (7.30) 8.06 ***
SRS Social Communication T-Score 67.58 (12.75) 44.57 (5.76) 8.44 ***
SRS Social Motivation T-Score 61.77 (11.80) 47.01 (7.41) 5.44 ***

Motion
Mean absolute motion (mm) 0.44 (0.28) 0.42 (0.28) 0.36
Max absolute motion (mm) 1.76 (1.65) 1.39 (1.23) 0.92
Mean relative motion (mm) 0.14 (0.07) 0.14 (0.06) −0.02
Max relative motion (mm) 1.21 (1.08) 0.92 (0.78) 1.11

Post-scan test: percent correct
Conversations, alone condition
Easy questions 75.76%

(20.77)
81.95%
(17.35)

−1.18

Hard questions 79.58%
(16.92)

76.02%
(22.82)

0.65

Conversations, conversation-in-noise
condition
Easy questions 66.43%

(16.36)
69.59%
(16.36)

−0.60

Hard questions 61.73%
(25.46)

73.16%
(25.46)

−1.60

Post-Scan Test: discriminative
accuracy (d')
Conversations, alone condition 1.73 (0.97) 1.92 (1.01) −0.71
Conversations, conversation-in-noise
condition

1.28 (0.86) 1.59 (0.99) −1.21
**p < 0.01, ***p < 0.001
ASD, autism spectrum disorder; TD, typically developing; IQ, intelligence quotient.
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would hear some people talking and some noises; they were
instructed to just listen and look at the crosshair on the screen.
Participants were not specifically instructed to pay attention to
what was said, as we wanted the paradigm to have high ecological
validity by mimicking situations encountered in everyday life
when we may overhear others talking and are not explicitly asked
to pay attention or remember what was said.

To assess the participants' ability to recognize stimuli
presented in the three experimental conditions, and thus gain a
proximal measure of in-scanner attention, a brief post-MRI
scanning questionnaire was administered using E-Prime 2.0
Software on a Dell Latitude E6430 laptop computer. During
this post-scanning test, participants heard and read questions
about the conversations and noises they were exposed to during
the fMRI data acquisition, interspersed with foils (i.e., with
questions about conversations and noises they did not hear).
For each conversation and noise stimulus presented during the
fMRI scan, participants were first asked to answer a question
about whether they heard such a particular conversation topic or
noise. For the conversations, the post-scan test was tiered such
that if a participant's yes/no response to this initial question was
correct (Figure 1C, top), a more nuanced question about that
conversation was then presented (Figure 1C, bottom). Incorrect
responses to the initial yes/no questions resulted in being
presented the next set of questions about a different
conversation topic. Participant responses were recorded in E-
Prime. A sensitivity index (d') was calculated to assess the ability
of youth to discriminate between topics of conversation heard
during MRI scanning and foils. d' was calculated as the
standardized (i.e., z-transformed) proportion of hits minus the
standardized proportion of false alarms.

MRI Data Acquisition
MRI data were collected on a 3.0 Tesla Siemens Prisma MRI
Scanner using a 64-channel head coil. For each subject, a multi-
slice echo-planar (EPI) sequence was used to acquire functional
data: 595 volumes; repetition time (TR) = 720 ms; multiband
acceleration factor = 8; matrix size = 104 x 104; field of view
Frontiers in Psychiatry | www.frontiersin.org 466
(FOV) = 208 × 208 mm; in-plane resolution = 2 × 2 mm; slice
thickness = 2 mm, no gap; 72 slices; bandwidth = 2,290 Hz per
pixel; echo time (TE) = 37 ms. Visual and auditory stimuli were
presented via magnetic resonance compatible goggles and
headphones (Optoacoustics LTD, Or Yehuda, Israel). Subjects
wore earplugs and headphones to lessen scanner noise.

Functional MRI Data Analysis
Data were processed using FSL (FMRIB's Software Library, www.
fmrib.ox.ac.uk/fsl) (37) and AFNI (Analysis of Functional
NeuroImages) (38). Functional data were motion corrected to
the average functional volume with FSL's Motion Correction
Linear Registration Tool (MCFLIRT) (39) using sinc
interpolation and skull stripped using FSL's Brain Extraction
Tool (BET) (40). Time series statistical analyses were run in FSL's
FMRI Expert Analysis Tool (FEAT) version 6.0. Functional
images were spatially smoothed [full width at half maximum
(FWHM) 5 mm] and a temporal high pass filter of 67.5 s was
applied. Functional data were linearly registered to the Montreal
Neurological Institute (MNI) 2 mm standard brain with 12° of
freedom. Motion outliers were identified using FSL's motion
outliers tool (comparing the root mean square intensity
difference from the center volume to identify outliers) and
were included as a confound explanatory variable in the single
subject analyses; there was no difference in the mean number of
volumes censored between ASD and TD participants (p=0.31).
Condition effects were estimated by convolving a box-function
for each condition with a double-gamma hemodynamic response
function, along with the temporal derivative. Each condition was
modeled with respect to resting baseline (C, N, CIN); single-
subject models were combined into a group-level mixed effects
model (FLAME1+2). Verbal IQ was entered as a covariate in all
group-level analyses. Within-group and between-group maps
were pre-threshold masked by grey matter and thresholded at z >
3.1 (p < 0.001), cluster-corrected for multiple comparisons at p <
0.05. Between-group comparisons (i.e., ASD vs. TD) were
masked by the sum of within-group activity for each condition
of interest.
A

B C

FIGURE 1 | Experimental design. (A) Block design functional MRI (fMRI) task. (B) Example of a conversation heard during fMRI data acquisition. (C) Sample of
post-scan questions. CIN, conversation-in-noise; C, conversation; N, noise.
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Statistical Analysis
Two-tailed t-tests were performed to assess between-group
differences in age, IQ, and motion parameters. To test whether
participant's discriminative accuracy (d') for identifying the
topics of conversation varied as a function of diagnostic group,
condition, or question, a repeated measures ANOVA was
conducted with group (i.e., ASD vs. TD) as the between-
subjects factor and condition (i.e., N, C, CIN) as within-
subjects factors. To further examine differences in behavioral
performance, we also ran separate repeated measures ANOVAs
comparing percent of correct responses for easy (yes/no) and
hard (multiple-choice) questions separately with group (i.e., ASD
vs. TD) as the between-subjects factor and condition (i.e., C vs.
CIN) as the within-subjects factor.
RESULTS

Demographics
There were no statistically significant differences between ASD
and TD youth in sex, age, and non-verbal IQ, or across any of the
four motion parameters tested (Table 1). Two-sample t-tests
revealed significant differences in full-scale and verbal IQ
between ASD and TD youth, whereby TD youth had higher
IQ relative to their ASD counterparts. As expected, ASD and TD
youth also had significantly different t-scores on the social
awareness, social cognition, social communication, and social
motivation subscales of the Social Responsiveness Scale (SRS), as
well as differences in SRS Total t-scores, indicative of poorer
parent-reported social functioning in youth with ASD.

Post-Scan Recognition Test
To assess participants' ability to discriminate between what was
actually heard vs. foils (i.e., correctly identifying a conversation, or
noise, that was heard—“hits”—vs. incorrectly endorsing a
conversation or noise that was not heard—“false alarms”), we
calculated a sensitivity index (d') for each participant. In ASD
youth, mean d' was 0.64, 0.59, 1.73, 1.28, for noises heard in the
alone condition, noises heard in the conversation-in-noise
condition, conversations head in the alone condition, and
conversations heard in the conversation-in-noise condition,
respectively. Likewise, mean d' in TD youth was 0.65, 0.67, 1.92,
and 1.59 for noises heard in the alone condition, noises heard in the
conversation-in-noise condition, conversations head in the alone
condition, and conversations heard in the conversation-in-noise
condition, respectively. A repeated-measures ANOVA was
performed to test the interaction between group x condition. This
analysis revealed no significant group x condition interaction [F
(3,156)=0.56, p=0.64)] or main effect of Group [F(1,52)=0.83,
p=0.37)]. However, the main effect of condition was significant [F
(3,156)=46.46, p < 0.001)]; pairwise comparisons showed that both
ASD and TD participants had higher accuracy (d') for conversations
heard in the alone condition as compared to noises heard in the
alone condition, as well as higher accuracy for conversations than
noises when these were heard in the conversation-in-
noise condition.
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In order to further examine differences in behavioral
performance, we also compared subjects' percent accuracy
using separate repeated measures ANOVAs for easy (yes/no)
and hard (multiple-choice) questions. For the easy questions, the
main effect of condition was significant [F(1,52)=19.77, p <
0.001], whereby both groups were more accurate at identifying
topics of conversation heard in the conversation alone condition
than in the conversation-in-noise condition. However, there was
no significant group x condition interaction [F(1,52)=0.38,
p=0.54] or main effect of group [F(1,52)=1.02, p=0.32)]. For
the hard (multiple-choice) questions, there was also a main effect
of condition [F(1,52)=10.00, p < 0.01)], whereby both groups
were more accurate at identifying topics of conversation heard in
the conversation alone condition. However, while there was no
main effect of group [F(1,52)=0.51, p=0.48)], there was a
significant group x condition interaction [F(1,52)=5.53,
p=0.02)]. Post hoc tests showed that while the ASD and TD
groups did not differ in percent accuracy for the conversation
alone or conversation-in-noise conditions, the ASD group was
significantly more accurate for the conversation alone condition
than for the conversation-in-noise (p < 0.01); this was not the
case for TD youth (p > 0.05).

Functional MRI Results
Within-Condition Analyses
Across each of the three conditions, both youth with ASD and
TD youth showed the expected activity in bilateral Heschl's
gyrus, superior temporal gyrus, planum temporal, and planum
polare (Figure 2, Table 2). During exposure to conversation-in-
noise (CIN) and conversation alone (C), both groups showed
robust activation in auditory and language cortices, including
bilateral superior temporal gyrus (STG), middle temporal gyrus,
temporal pole, left angular gyrus, and superior frontal gyrus.
Activity in ventromedial prefrontal cortex, a region involved in
theory of mind and mentalizing, was observed in TD youth in the
CIN condition, and in ASD youth in the C condition. In contrast
to the extended network of regions activated during conditions
in which speech was presented (i.e., CIN and C), brain activity
during the noise condition (N) was restricted to primary and
secondary auditory cortices; ASD youth showed additional
activation in right inferior frontal gyrus and pars triangularis.
No between-group differences were observed for any of the three
experimental conditions at this statistical threshold (z > 3.1, p
< 0.05).

Between-Condition Analyses
Here we compared brain activity between experimental conditions.
First, we examined differences in brain activity when listening to
conversation-in-noise relative to listening to noise alone (CIN > N).
For this contrast, both TD and ASD youth showed increased activity
in bilateral temporal pole, superior temporal gyrus, Heschl's gyrus,
superior frontal gyrus, and medial prefrontal cortex (Figure 3,
Table 3), consistent with increased attention to language stimuli in
the CIN condition. TD youth also showed activation in the right
angular gyrus and bilateral hippocampus, whereas ASD youth
showed significant activation in the precuneus. No regions
April 2020 | Volume 11 | Article 343
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showed significant between-group differences when comparing CIN
and N conditions.

Next, we assessed differences in brain activity when listening to
conversation-in-noise versus conversation alone (CIN > C). For this
contrast, TD youth showed increased activity in lateral occipital
cortex, whereas ASD youth had increased activity in right frontal
pole, precuneus, and occipital pole (Figure 3, Table 3). Between-
group comparisons revealed that the ASD group had greater activity
in primary visual cortex and precuneus relative to TD youth for the
contrast of CIN > C; there were no brain regions where TD youth
showed greater activity relative to ASD youth (Table 4). No brain
regions showed greater activity when listening to conversation alone
vs. conversation-in-noise (i.e., C > CIN).

Lastly, to tap into the neural correlates of social attention (i.e.,
selective attention to speech in the context of background noise), we
examined brain activity specifically associated with listening to
conversation-in-noise, above and beyond activity observed for the
conversation and noise alone conditions (CIN > C+N). For this
contrast, both TD and ASD youth displayed activity in brain regions
involved in auditory and language processing as well as theory of
mind (i.e., angular gyri, superior frontal gyrus, and superior
temporal regions); ASD youth displayed additional activity in the
precuneus whereas TD youth showed activity in ventral medial
frontal cortex (Figure 3, Table 3). No significant between-group
differences were observed for this contrast.

Brain Activity Predicting Post-Scan Performance
In an attempt to identify the neural substrates of social attention, we
assessed how brain activity during the fMRI scan might predict
Frontiers in Psychiatry | www.frontiersin.org 668
accuracy in the post-scan test by entering d' as a regressor of interest
in bottom-up regression analyses. We focused these analyses on our
primary contrast of interest—CIN > C+N—in order to examine
how d' related to brain activity specifically associated with
processing conversation-in-noise above and beyond brain activity
associated with processing conversation and noise alone. Whereas
TD youth with higher d' showed selective activation of left posterior
superior temporal sulcus (pSTS; i.e., voice-selective cortex), ASD
youth with higher d' showed widespread increased activity primarily
in language areas (Figure 4, Table 5). Direct between-group
comparisons showed that, relative to TD youth, ASD youth with
higher d' showed significantly greater activity in speech-processing
cortex in the left angular gyrus; there were no significant results for
the reverse contract. To interpret the ASD > TD effect, we examined
how activity in this speech-processing region while listening to
conversation-in-noise might be related to social functioning in ASD
youth. Parameter estimates of activity during the CIN condition
were extracted from this region and correlated with scores from the
SRS subscales. Higher activity in this left speech-processing region
in ASD youth was associated with lower scores on the social
motivation (r=−0.51, p=0.009) and social cognition (r=−0.41,
p=0.04) SRS subscales, indicating more typical patterns of behavior.
DISCUSSION

Here, we examined neural activity in response to ecologically
valid social and non-social stimuli in youth with and without
ASD to elucidate the neural mechanisms through which
FIGURE 2 | Whole-brain activation in typically developing (TD) youth and youth with autism spectrum disorder (ASD) during exposure to conversation-in-noise (CIN),
conversation (C), and noise (N). Maps are thresholded at z > 3.1, corrected for multiple comparisons at the cluster level (p < 0.05).
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TABLE 2 | Montreal Neurological Institute (MNI) coordinates for each condition (conversation-in-noise, CIN; conversation, C; noise, N) compared to baseline.

Noise (N)

ASD TD

(mm) Max z MNI peak (mm) Max z MNI peak (mm)

Z X Y Z X Y Z

16
8 3.85 −60 −16 12 3.59 −50 −20 14
8 3.58 50 −10 8 3.55 56 −6 6

3.51 40 24 2
−20
32
36

10 6.13 −44 −18 4 6.03 −44 −18 4
10 6.21 46 −14 6 5.49 44 −18 8
6 3.88 −40 −4 −12 3.82 −42 −6 −6

3.17 40 −6 −10

−16
−10

22
16 5.59 −46 −30 14 3.93 −48 −28 14
16 4.12 54 −24 16
−12 4.47 −46 0 −12 5.40 −46 −8 −6
−16 4.19 44 4 −16 4.47 46 −4 −10
8 6.27 −44 −32 10 5.74 −52 −26 8
8 4.65 60 −22 10 6.64 58 −26 12

30
36
4 4.10 −66 −26 10 4.89 −66 −26 10
2 5.18 68 −20 2 7.17 70 −24 2
16

−20 4.50 −52 6 −8 3.81 −52 6 −6
−18 3.60 58 8 −8 3.52 56 8 −6
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Conversation-in-noise (CIN) Conversation (C)

ASD TD ASD TD

Max z MNI peak (mm) Max z MNI peak (mm) Max z MNI peak (mm) Max z MNI peak

X Y Z X Y Z X Y Z X Y

Angular gyrus L 3.57 −60 −58 22 5.27 −58 −56 20 3.66 −60 −58 22 3.83 −58 −58
Central opercular cortex L 4.39 −52 −12 10 4.12 −58 −10 8 4.79 −60 −20 14 4.21 −58 −10
Central opercular cortex R 4.63 50 −12 10 4.24 56 −6 6 4.81 48 −12 10 4.00 54 −10
Frontal operculum cortex
Frontal orbital cortex R 4.48 40 30 −18 3.26 40 26
Frontal pole L 3.54 −2 60 20 5.06 −12 50 34 3.88 −10 58 28 4.83 −12 52
Frontal pole R 3.77 4 60 20 4.01 12 50
Frontal medial cortex L 3.48 −2 36 −24 4.07 −4 38 −20
Frontal medial cortex R 4.41 2 44 −16 4.10 4 38 −20
Heschl's gyrus L 5.78 −50 −22 8 6.79 −40 −24 10 6.73 −38 −26 12 7.15 −40 −24
Heschl's gyrus R 6.43 44 −16 6 5.75 50 −20 8 6.71 48 −14 6 5.62 42 −22
Insular cortex L 3.74 −40 −16 6 3.68 −42 −12 4 3.69 −40 −16
Insular cortex R 3.20 42 −12 6
Lateral occipital cortex L 3.11 −58 −64 24
Middle temporal gyrus L 5.01 −58 −2 −16 5.58 −52 −28 −6 5.55 −56 −2 −18 5.59 −66 −16
Middle temporal gyrus R 5.32 50 −24 −6 5.26 58 −32 −2 4.98 50 −24 −6 5.16 64 −12
Paracingulate gyrus L 3.79 −4 48 26
Paracingulate gyrus R 3.78 4 52 20 3.30 4 50
Parietal operculum cortex L 5.22 −48 −28 14 3.54 −46 −30 14 5.59 −48 −28 14 3.70 −58 −30
Parietal operculum cortex R 4.31 44 −24 16 3.77 46 −26 16 3.87 44 −24 16 3.84 48 −26
Planum polare L 4.82 −44 −18 −4 4.08 −48 0 −12 4.65 −42 2 −20 4.06 −48 0
Planum polare R 4.25 46 −12 −4 3.97 48 2 −14 4.10 58 2 0 4.26 46 4
Planum temporale L 6.55 −56 −28 8 6.25 −52 −26 6 7.23 −56 −28 8 6.01 −62 −20
Planum temporale R 6.18 58 −24 10 6.02 62 −20 8 6.00 44 −30 12 6.00 62 −20
Postcentral gyrus L 3.25 −64 −16 16 3.63 −64 −16 16
Postcentral gyrus R 3.10 66 −14 16 3.13 66 −14 16
Subcallosal cortex L 4.39 −2 20 −24
Subcallosal cortex R 4.71 2 20 −24
Superior frontal gyrus L 3.43 −2 52 34 4.59 −4 52 28 5.54 −4 50 32 4.70 −6 52
Superior frontal gyrus R 5.77 4 52 30 3.35 2 48 36 3.66 6 50
Superior temporal gyrus L 6.65 −66 −28 10 6.23 −66 −24 0 6.39 −66 −28 10 6.13 −66 −18
Superior temporal gyrus R 6.25 68 −18 4 6.72 66 −20 2 6.71 68 −18 4 6.96 66 −20
Supramarginal gyrus L 4.38 −58 −46 22 3.99 −64 −46 16 3.93 −64 −46 16 3.17 −64 −48
Supramarginal gyrus R 3.63 66 −40 10 3.65 66 −40 10
Temporal pole L 5.69 −44 16 −20 6.10 −46 10 −20 5.90 −58 6 −16 5.88 −50 10
Temporal pole R 7.08 42 14 −22 5.51 56 10 −20 5.38 52 12 −26 6.63 52 14
Thalamus L 3.63 −10 −32 0
Thalamus R 3.70 10 −32 0

Region labels refer to Harvard Oxford Atlas, thresholded at 50%.
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attention may be drawn away from socially-relevant information
in the presence of distracting sensory stimulation in individuals
with ASD. To do so, we employed a novel paradigm whereby
participants heard naturalistic conversations in the context of
common environmental noises that are often in the background
of everyday social interactions. Overall, both youth with ASD
and typically-developing youth showed a similar pattern of brain
activity in auditory and language networks when listening to
conversations presented alone and conversations presented with
background noise; further, minimal differences were observed
between diagnostic groups when comparing brain activity during
listening to conversations alone versus conversations shrouded in
noise. When we honed in on neural mechanisms underlying the
ability to later recognize the topics of conversations that were
heard in the presence of background noise, we found that higher
recognition accuracy was associated with greater activity in left
hemisphere voice-selective cortex in typically-developing youth.
In contrast, in youth with ASD, better recognition accuracy was
associated with increased activity in a larger network of regions
subserving language processing, with significantly greater activity
observed in left speech-processing cortex relative to typically-
developing youth. Furthermore, we found that increased activity
in this left-hemisphere speech-processing region when listening
to conversations masked in noise was related to better social
motivation and social cognition in ASD youth.

At the behavioral level, youth with and without ASD were
equally accurate at discriminating noises vs. foils (d'), regardless
Frontiers in Psychiatry | www.frontiersin.org 870
of whether these were presented alone or simultaneously with
conversations. As expected, accuracy in discriminating what was
heard during the conversations (vs. foils) was overall higher in
typically-developing youth, compared to youth with ASD, both
when the conversations were presented alone or in the context of
background noise; however, these differences were not
statistically significant. Notably, we deliberately did not alert
participants to pay attention to what was heard in the MRI
scanner, as we wanted our paradigm to have high ecological
validity by mimicking situations encountered in everyday life,
when we may overhear a conversation and are not asked to
explicitly pay attention or remember what was said. By explicitly
asking participants to carefully listen and try to remember the
conversations, any differences in overall discriminative accuracy
between diagnostic groups would have likely been further
reduced. Indeed, previous studies where direct attentional cues
were provided to ASD youth have shown increased brain activity
and improved behavioral performance as compared to
conditions where such instructions were not given (24, 41).
Importantly, both neurotypical youth and youth with ASD had
higher discriminative accuracy for conversations than noises
when these were each presented alone, as well as higher
discriminative accuracy when identifying conversations than
noises when conversations and noises were presented
simultaneously. In addition, both neurotypical and ASD youth
showed the expected pattern whereby accuracy in identifying
topics of conversation was poorer for conversations presented
FIGURE 3 | Within-group results for comparisons between experimental conditions. Maps are thresholded at z > 3.1, corrected for multiple comparisons at the
cluster level (p < 0.05). CIN, conversation-in-noise; N, noise; C, conversation.
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TABLE 3 | Montreal Neurological Institute (MNI) coordinates for between-condition contrasts.

CIN > C+N

ASD TD

ax z MNI peak (mm) Max z MNI peak (mm)

X Y Z X Y Z

.32 −62 −54 20 5.92 −56 −54 20

.35 62 −48 22 4.15 54 −50 18

.64 −50 −8 6 3.96 −52 −10 8

.57 48 −16 12 4.25 62 −8 8

.26 −2 −50 18

.24 2 −48 18

4.6 −2 36 −22
5.05 4 40 −22

3.19 44 28 −18

.03 12 48 46

.45 −50 −22 8 6.35 −46 −24 10

.04 48 −20 10 4.66 50 −20 8

3.58 −56 −20 −26
.57 −56 −62 26
.79 54 −64 18
.02 −56 −32 −4 5.84 −54 −28 −6
.16 52 −20 −8 4.9 62 −30 −4

3.31 −2 48 26
.27 4 42 34

.18 −42 −34 16

.18 −48 −4 −8 4.04 −44 0 −18

.62 46 0 −16 4.54 48 2 −14

.24 −54 −28 8 6.15 −62 −20 8

.86 62 −20 8 4.19 62 −18 8

.75 −2 −58 18

.07 2 −58 18
4.84 −2 20 −24
4.66 2 20 −24
4.69 −4 42 38

.03 2 42 40 3.29 4 50 32
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CIN > N CIN > C

ASD TD ASD TD

Max z MNI peak (mm) Max z MNI peak (mm) Max z MNI peak (mm) Max z MNI peak (mm) M

X Y Z X Y Z X Y Z X Y Z

Amygdala L 4.78 −28 −6 −20
Amygdala R 4.74 24 −6 −20
Angular gyrus L 3.89 −62 0 20 4.64 −58 −56 20
Angular gyrus R 5.39 52 −54 20
Central opercular cortex L 3.95 −52 −12 10 4.52 −58 −10 8
Central opercular cortex R 4.33 48 −16 12 3.19 62 −8 8
Cingulate gyrus posterior L 3.83 −2 −50 22
Cingulate gyrus posterior R 3.68 2 −50 20
Cuneal cortex L 3.77 −2 −82 34
Frontal medial cortex L 4.46 −4 42 −16 4.45 −2 38 −22
Frontal medial cortex R 4.93 2 44 −16 6.46 2 42 −22
Frontal orbital cortex L 3.65 −38 20 −20
Frontal orbital cortex R 3.14 40 26 −20
Frontal pole L 3.57 −4 64 24 3.7 −10 58 28
Frontal pole R 4.11 12 42 48 4.84 38 44 6
Fusiform cortex L 3.69 −40 −18 −24
Heschl's gyrus L 5.11 −48 −18 8 5.09 −40 −22 8
Heschl's gyrus R 5.25 48 −20 10 5.67 50 −20 8
Hippocampus L 4.85 −26 −8 −22
Hippocampus R 4.66 26 −8 −20
Inferior temporal gyrus L 3.61 −56 −18 −28
Lateral occipital cortex L 3.86 −56 −64 24 4.2 −50 −62 26 3.7 −12 −82 46 4.41 −48 −74 26
Lateral occipital cortex R
Middle temporal gyrus R 5.26 50 −24 −6 6.31 −54 −26 −8
Middle temporal gyrus L 5.55 −56 0 −28 4.99 64 −12 −10
Occipital pole L 4.74 −12 −96 −2
Occipital pole R 3.51 2 −96 6
Paracingulate gyrus L 3.26 −6 50 20 3.32 −2 48 26
Paracingulate gyrus R 3.18 4 52 20
Parahippocampal gyrus L 4.16 −20 −26 −18
Parietal operculum Cortex L 4.11 −42 −34 16
Parietal operculum Cortex R 3.45 48 −22 16 3.75 44 −24 16
Planum polare L 3.43 −54 −2 0 3.99 −44 −2 −18
Planum polare R 3.56 58 2 0 4.07 46 4 −16
Planum temporale L 5.61 −54 −28 8 5.92 −62 −20 8
Planum temporale R 4.39 62 −20 8 4.39 62 −18 8
Precuneus cortex L 3.59 −2 −60 22 4.05 −12 −64 22
Precuneus cortex R 4.07 4 −56 22 4.06 8 −54 50
Subcallosal cortex L 5.07 −2 20 −24
Subcallosal cortex R 5.61 2 24 −26
Superior frontal gyrus L 3.12 −4 54 24 5.57 −4 54 24
Superior frontal gyrus R 4.79 2 50 36
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over background noise than for conversations presented alone.
Although this latter difference was not statistically significant
when using d' collapsed across the easy (yes/no) and hard
(multiple-choice) questions, when looking at percent accuracy
for the harder multiple-choice questions, ASD youth performed
significantly worse in the conversation-in-noise condition than
in the conversation alone condition, a pattern not observed in
TD youth. Overall, these findings are in agreement with previous
work in adults and adolescents with ASD showing that recall is
poorer for sentences presented simultaneously with background
sounds (22, 23). However, our findings of similar discriminative
accuracy (d') between typically-developing and ASD youth when
identifying conversations heard in the context of background
noises are in contrast to previous work suggesting that
individuals with ASD are poorer at discriminating speech-in-
noise relative to their neurotypical counterparts (22, 23). This
difference may in part be explained by our choice of noise
stimuli, which were deliberately chosen to be only mildly
aversive and, unlike those used in prior studies, also easily
recognizable. Indeed, this methodological choice may also
explain why we did not observe between-group differences in
brain regions previously implicated in processing aversive
auditory stimuli (e.g., amygdala, thalamus, auditory cortex),
which have previously been documented in ASD participants
(24, 31, 32, 42). Importantly, the lack of significant between-
group differences in brain responses to mildly aversive noises in
this study may also in part reflect the more stringent statistical
threshold employed in the current study, in keeping with
evolving standards in the neuroimaging field (43). Indeed, at
more liberal thresholds we too observed greater activity in the
amygdala and primary auditory cortex during exposure to mildly
aversive noise in ASD youth as compared to TD youth.

At the neural level, typically-developing and ASD youth
showed overall similar patterns of brain activity when listening
to conversations alone, noises alone, and conversations shrouded
in noise. The only significant between-group difference was
detected when comparing brain activity observed when youth
were presented with conversations and environmental noises
simultaneously versus conversations alone. Here, the addition of
background noise to conversations elicited greater activity in the
precuneus and primary visual cortex in ASD relative to TD
youth. The precuneus is a canonical hub of the default mode
network, a network of brain regions implicated in thinking about
the self and others (44) and narrative comprehension in
T
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TABLE 4 | Montreal Neurological Institute (MNI) coordinates for between-
condition between-group contrasts.

CIN > C
ASD > TD

Max z MNI peak (mm)

X Y Z

Cuneal cortex L 3.47 −2 −86 34
Occipital pole L 3.6 −10 −94 0
Precuneus cortex L 3.51 −6 −64 30
April 2
020 | Volume
 11 | Article
Region labels refer to Harvard Oxford Atlas, thresholded at 50%.
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FIGURE 4 | Top: associations between brain activity (CIN > C+N) and discriminative accuracy (i.e., d') for topics of conversation heard in the CIN condition. Maps
are thresholded at z > 3.1, corrected for multiple comparisons at the cluster level (p < 0.05). Bottom: correlations between blood oxygen level dependent (BOLD)
signal response for the CIN condition and scores on two subscales of the SRS in autism spectrum disorder (ASD) youth. CIN, conversation-in-noise; N, noise; C,
conversation; SRS, Social Responsiveness Scale.
TABLE 5 | Montreal Neurological Institute (MNI) coordinates for brain activity associated with discriminative accuracy (d') for topics of conversation heard in the
conversation-in-noise (CIN) condition.

CIN > C+N

ASD + TD ASD TD ASD > TD

Max z MNI peak (mm) Max z MNI peak (mm) Max z MNI peak (mm) Max z MNI peak (mm)

X Y Z X Y Z X Y Z X Y Z

Angular gyrus L 4.98 −52 −60 20 5.37 −56 −58 26 4.07 −50 −60 24

Angular gyrus R 3.82 46 −50 28

Frontal orbital cortex R 4.44 44 24 −14 4.26 44 24 −14

Fusiform cortex L 3.86 −34 −58 −16

Lateral occipital cortex L 3.16 −54 −64 26 5.48 −54 −64 20 4.74 −48 −64 26

Lateral occipital cortex R 4.09 42 −84 −2

Middle temporal gyrus L 4.95 −62 −10 −8 5.15 −54 −4 −28 3.74 −52 −34 −4

Middle temporal gyrus R 4.79 56 2 −20 5.02 56 2 −30

Occipital pole L 4.07 −32 −94 −10

Occipital pole R 4.47 36 −92 −2

Parietal operculum cortex R 4.19 44 −32 20

Planum temporale L 4.00 −60 −26 6 4.37 −62 −24 10

Planum temporale R 4.34 52 −30 16 4.82 60 −30 16

Precentral gyrus R 4.17 54 −2 42

Superior temporal gyrus L 5.47 −62 −26 2 3.62 −58 −38 6 3.13 −60 −44 8

Superior temporal gyrus R 4.52 46 −32 4 3.55 52 −32 4

Supramarginal gyrus L 5.31 −56 −46 10 3.89 −60 −46 22

Temporal pole L 4.71 −44 4 −20 4.43 −44 14 −38

Temporal pole R 5.17 58 8 −20 4.7 56 10 −30
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neurotypical adults (45, 46). Our finding of increased activity in
visual cortex during auditory stimulation in ASD youth, relative to
typically-developing youth, is consistent with previous findings in
individuals with ASD showing increased brain activity in the visual
system during semantic decision making (47) as well as auditory
pitch discrimination (48), suggesting atypical integration of auditory
and visual sensory systems in ASD (42, 49). Our findings thus
suggest that similar behavioral profiles may in part reflect
processing differences at the neural level whereby the challenging
task of listening to social interactions over background noise
requires activation of additional brain regions in youth with ASD,
relative to neurotypical controls.

The ability to deploy attention to socially meaningful
information rests on being able to divert attention away from
less relevant distracting stimuli; accordingly, in an attempt to
hone in on the neural substrates of social attention, we next
sought to identify brain activity that was related to the successful
encoding of the topics of conversation. More specifically, we
examined how brain responses while participants listened to
conversations in the context of background noise (above and
beyond brain responses associated with attending to
conversations and noises alone) predicted later recognition of
what was heard. In both neurotypical youth and youth with ASD,
greater accuracy in identifying the topics of conversations heard
in the context of background noise was predicted by greater
activity in left hemisphere voice-selective cortex. Previous work
in neurotypical adults has shown that this voice-selective region
preferentially responds to vocal stimuli, and that activity in this
region decreases when voice stimuli are masked by background
noise (19, 20). Thus, heightened activity in this region when
listening to conversations shrouded in common environmental
noises may serve as a compensatory mechanism, allowing both
youth with and without ASD to focus their attention on the
socially-relevant information in the presence of distracting
auditory stimuli. Importantly, better recognition accuracy in
youth with ASD was also associated with greater activity in a
wider network of brain regions implicated in language
processing. Indeed, relative to typically-developing youth, ASD
youth showed significantly greater activity in left-hemisphere
angular gyrus. This region plays an important role in language
comprehension (50–52) and prior work shows that disrupting
activity in this area reduces the ability to comprehend speech
under difficult listening conditions (53). The angular gyrus is also
an important region for theory of mind (TOM)—the ability to
understand the actions and thoughts of others (54, 55). TOM is a
critical skill in reasoning about others' state of mind and plays a
role in high-level language processing including the use and
understanding of language within a social environment (56).
Thus, similar to the heightened response in the voice-selective-
region observed in both neurotypical and ASD youth, this
increased activity in speech processing cortex in youth with
ASD could reflect compensatory processes resulting in improved
sensitivity to speech stimuli, thereby boosting youths' ability to
encode and later accurately discriminate between conversation
Frontiers in Psychiatry | www.frontiersin.org 1274
topics heard over background noise. If this interpretation is
correct, individual differences in responsivity observed in this
region in the context of our paradigm should be associated with
the more general ability to hone in on socially-relevant
information, and ultimately result in less severe social
impairments. Consistent with this hypothesis, neural activity in
this speech-processing region while participants listened to
conversations shrouded in noise was associated with better
social motivation and social cognition in youth with ASD.

This study has several limitations. First, due to the
correlational nature inherent to all neuroimaging studies, while
we hypothesized that the increased activity in language-related
and TOM regions allowed ASD youth to hone in on socially
relevant information, we cannot rule out the alternative account
that greater activity in these brain regions merely resulted from
more successful processing of language through noise. Second,
atypical heightened sensitivity to sensory stimuli (known as
sensory over-responsivity; SOR) affects over half of children
with ASD (26, 27) and is an important contributor to altered
processing of both social and non-social stimuli in youth with
ASD (24, 31, 32, 42); however, given our small sample size, we
were unable to directly compare groups of ASD youth with and
without SOR. More work is needed to understand how SOR may
mediate neural responses to ecologically valid social and non-
social stimuli in the environment. Importantly, recent work also
suggests that there may be sex-differences in the development of
multisensory speech processing in TD and ASD youth (57); thus,
examining the interaction between sex, sensory processing, and
social cognition is an important direction for future research. In
addition, participants in our study were all high-functioning
individuals who developed language and had verbal IQ in the
normal range, making it more likely that our participants would
have the ability to hone in on social stimuli compared to more
affected individuals. In future studies it will be crucial replicate
these findings and to extend this work to individuals with more
severe ASD phenotypes, as well as to younger children on the
autism spectrum. To this end, prospective studies of infants at
high risk for developing ASD will be essential to track the
longitudinal co-development of sensory responsivity, language
acquisition, and ASD symptomatology.

To conclude, using a novel and ecologically valid paradigm,
here we sought to better understand the neural correlates of
social attention. Our findings indicate youth with ASD who
successfully encoded socially-relevant information in the
presence of distracting stimuli did so by up-regulating activity
in neural systems supporting speech and language processing,
thus suggesting that focusing on both social and non-social
stimuli simultaneously may be more of a challenge for ASD
youth relative to their neurotypical counterparts. This work
buttresses the importance of further examining the relationship
between social attention and sensory processing atypicalities,
particularly early in development, to shed new light on the onset
of autism symptomatology, as well as to inform the design of
novel interventions.
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Social interaction is ubiquitous in human society. The two-person approach—a new,
powerful tool to study information exchange and social behaviors—aims to characterize
the behavioral dynamics and neural mechanisms of real-time social interactions. In this
review, we discuss the benefits of two-person approaches compared to those for
conventional, single-person approaches. We describe measures and paradigms that
model social interaction in three dimensions (3-D), including eye-to-eye, body-to-body,
and brain-to-brain relationships. We then discuss how these two-person measures and
paradigms are used in psychiatric conditions (e.g., autism, mood disorders,
schizophrenia, borderline personality disorder, and psychotherapy). Furthermore, the
advantages of a two-person approach (e.g., dual brain stimulation, multi-person
neurofeedback) in clinical interventions are described. Finally, we discuss the
methodological and translational challenges surrounding the application of two-person
approaches in psychiatry, as well as prospects for future two-/multi-person studies. We
conclude that two-person approaches serve as useful additions to the range of behavioral
and neuroscientific methods available to assess social interaction in psychiatric settings,
for both diagnostic techniques and complementary interventions.

Keywords: two-person approach, social interaction, psychiatry, application, intervention
INTRODUCTION

The scientific study of the neurophysiological mechanisms that underlie social processes is
undergoing a major paradigm shift: moving from the examination of single brains to the
simultaneous acquisition of data from multiple brains and their interaction [see, e.g., our recent
contributions: (1–6); see also (7–9) for reviews]. Within this fast-emerging area of research, we
focused on recent advances that examined the relationship between eye gaze/body movement/brain
activity recorded from interacting dyads under psychiatric settings. Thus, we attempted to
characterize social interaction in psychiatry within a two-person framework (9–11).

In the present review, we will first briefly introduce the two-person approach and its benefits
compared to those of a single-person approach, as well as potential interpersonal paradigms/
markers derived from this approach. We will then focus on two-person studies in two aspects: first,
the applications of the two-person approach in multiple cases of psychiatric conditions (e.g., autism,
mood disorders, schizophrenia, borderline personality disorder, and psychotherapy), and second,
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the potential benefits of the two-person approach in psychiatric
interventions (e.g., behavioral intervention, dual brain
stimulation, multi-person neurofeedback). Finally, we will
discuss challenges and future prospects of the applications of
the two-person approach.

What Is the Two-Person Approach?
Human society is organized socially. Despite the interactive
nature of human social behaviors, conventional neuroscientific
studies investigating social cognitive processes have typically
been restricted to isolated individual behaviors, leaving the
dynamic (neural) interactions between individuals
incompletely understood. Methodological advances allow
researchers to address this issue by developing a novel
technique termed “hyperscanning” or “hypermethod” [e.g.,
using electroencephalography (EEG) (12), functional near-
infrared spectroscopy (fNIRS) (13), or functional magnetic
resonance imaging (fMRI) (14)]. This technique first highlights
the simultaneous consideration of two individuals in an
interacting dyad.

In 2013, Schilbach and colleagues further advanced this field
and formally proposed the theoretical framework of “second-
person neuroscience” (11) or “two-person neuroscience” (15).
Accordingly, recent years have seen fruitful empirical evidence of
this two-person approach [for a review, see (9)]. The two-person
approach has a basic assumption: behavioral and neural
mechanisms supporting social cognition within the context of
a real-time reciprocal social interaction are distinguishable from
those within the context of social observation (without
interaction). To further define two-person studies properly,
two criteria were proposed: (i) social interactions should occur
in real time and be reciprocal, and (ii) social interactions elicit
psychological engagement (feeling of involvement with one
another) between interacting partners. Studies having one of
the two criteria could be seen as two-person studies.

Note that two-person approaches do not necessarily mean
that investigations should be conducted only with two
interacting individuals; one can also develop variants by
monitoring multiple persons because social interaction could
also take place in multi-person situations (16).

Is “Two” Indeed Better Than “One”?
As described in the previous section, human social behaviors
have an interactive nature. To characterize the dynamic social
interaction between individuals, it is imperative to adopt the two-
person approach. However, one important question should be
addressed first:is “two” indeed better than “one”? Several
neuroimaging studies have attempted to address this issue (6,
17–19). Using fNIRS-based hyperscanning and machine learning
approaches, Pan et al. found that two-brain measures served as a
better neural-classification feature than single-brain measures
(6). Specifically, machine learning techniques were reported to be
more successful when decoding instructional approaches from
instructor-learner brain coupling data than when using a single-
brain method. Supporting these findings, previous fMRI studies
reported that two-brain measures, such as brain-to-brain
similarities, are more sensitive and better suited to track inter-
Frontiers in Psychiatry | www.frontiersin.org 278
personal influences, such as social network proximity (17);
friends showed more similar neural responses to naturalistic
movies, and such similar neural responses decreased with
increasing social distance between friends. Monitoring and
measuring two individuals simultaneously uncovered
additional information beyond conventional single-brain
approaches (18, 19). For example, compared to the single-
brain method, which reflects a mixture of both neuronal
components (i.e., stimulus-induced neural processes) and non-
neuronal components (e.g., intrinsic neural processes and non-
neuronal noise), two-brain measures using fMRI isolated
stimulus-related inter-brain correlations (18). We believe that
these prior studies are sufficient to imply that “two” performs
better than “one” in several aspects during real-time social
interaction; however, more research is needed to clarify the
assets of the two-person approach compared to those of the
single-person approach.

It is important to note that we do not claim that adopting the
single-person approach to investigate the social cognitive process
is useless – this contention would discredit various classic and
ongoing investigations in this field [e.g., (20–22)]. Instead, we
propose that using the two-person approach would add
additional value to the exploration of dynamic and truly social
interaction, thus advancing our understanding of both
behavioral and neural mechanisms underlying human
social behaviors.

Modeling Social Interaction in 3-D
To take advantage of the two-person approach, the field calls for
interactive paradigms and interpersonal markers of real-time
social interaction (23, 24). Here, we highlight three dimensions
(3-D) that characterize the behavioral and neural mechanisms of
social interaction. These paradigms/markers allow us to model
real-time social interaction in 3-D: eye-to-eye, body-to-body,
and brain-to-brain.

Eye-to-Eye
Gaze behavior is critical in social interaction and in
communication in particular. While many studies have
investigated the role of gaze behavior in social observation,
research about a person's interactive gaze allowing eye-to-eye
contact and face-to-face interaction is still lacking. Pfeiffer et al.
reviewed novel approaches to investigate the neural systems that
support social gaze behavior, thus requiring active social
engagement (25); these novel approaches include interactions
with virtual agents (26), live interactions via videos (27), and dual
eye-tracking setups (28).

Regarding dual-eye-tracking setups, in the last decade, we
have seen fruitful applications of the eye-to-eye paradigm in
investigating neural mechanisms of social interaction. For
example, Saito and colleagues initiated a combination of fMRI
hyperscanning and dual eye-tracking. With this novel setup, they
found that paired subjects showed higher inter-individual neural
synchronization in the right inferior frontal gyrus duringmutual
gaze and joint attention activities than non-paired subjects (28).
Using EEG hyperscanning in an eye-to-eye (face-to-face)
situation, Lachat et al. found that the joint attention condition
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—compared to the no-joint attention condition—induced an 11-
13 Hz power decrease over left centro-parieto-occipital regions
(29). As Lachat et al. suggested, the power decrease might reflect
attention mirroring, social coordination, and mutual
attentiveness associated with joint attention. Hirsch et al.
combined a two-person eye-tracking system and fNIRS
recordings. The results revealed that fronto-temporo-parietal
neural systems synchronize within and across brains during
live eye-to-eye contact, in contrast with the results for an eye-
to-picture gaze (30).

Body-to-Body
Body movement is an important nonverbal cue and signal for
social interaction. The coupling between hand/body movements
acts as an index for implicit social interaction (31). For example,
Yun et al. found that synchrony of both fingertip movement and
neural activity between two individuals in a dyad increased after
a cooperation interaction. In more complex social interactions,
nonverbal interpersonal coordination (body sway) among people
was indicative of leadership in joint music making (32).

Furthermore, recent advances also reported that body-to-
body coupling was associated with many positive outcomes,
including prosociality (2), therapeutic alliances (33),
mentalizing (34), and closeness (35). Using a combination of a
two-person paradigm and fNIRS recordings, Hu and colleagues
found that the manipulation of body-to-body synchrony
predicted subsequent prosocial behaviors. Brain-to-brain
synchronization between the two participants during ongoing
movements might be a potential underlying mechanism. At the
behavioral level, Ramseyer et al. (33) quantified nonverbal
synchrony between the patient's and therapist's movements.
They found that nonverbal synchrony reflected the relationship
quality; synchrony was associated with symptom reduction.
Baimel et al. found that behavioral synchrony between partners
fostered mentalizing capacities. Synchrony increased the mental
state attribution to interacting participant dyads (34). Another
behavioral study explored the influence of motor synchrony on
the experience of intimacy (35). Specifically, the authors
examined whether body-to-body synchrony between partners
instilled a sense of intimacy. The results suggested that
synchrony was strongly associated with intimacy and possibly
promoted closeness in intimate situations.

Another subdomain of the body-to-body relationship
concerns peripheral physiological signals, including the heart
rate, electrodermal activity, and respiration. The relationship
between the physiological activity of two or more people is
referred to as “interpersonal autonomic physiology” or
“physiological synchrony” (36). The concept of physiological
synchrony has been incorporated into a wide range of contexts to
investigate its relation with a number of social behaviors,
including cooperation (37), singing (38), and romantic
interaction (39). Specifically, in the field of psychiatry,
physiological synchrony serves as a useful tool to track
psychotherapy processes (40–42). In 2016, Koole and
Tschacher reviewed clinical studies on therapeutic alliances
and interpersonal synchrony and then integrated both
concepts into the interpersonal synchrony model of
Frontiers in Psychiatry | www.frontiersin.org 379
psychotherapy. In a later empirical study, Tschacher and Meier
explored physiological synchrony in naturalistic psychotherapy
sessions and found that synchrony correlated with the
therapeutic alliance and psychotherapy session reports.

Brain-to-Brain
The most recent neuroimaging work in this field shifted the focus
on single-brain functioning toward two-brain communication
during real-time social interaction. As mentioned above, this
shift is boosted by a fast-developing technique: “hyperscanning”.
The concept of hyperscanning was first proposed by Montague
et al. (14). In their commentary paper, the authors described
simultaneous neuroimaging during linked social interactions;
specifically, participants could interact with each other while
their brain activity was simultaneously recorded. Regarding data
analysis, hyperscanning setups enable us to effectively quantify
the relationship between two brain activities. A common finding
derived from previous hyperscanning studies is that brain
activity from two interacting participants in a dyad tends to be
“coupled together”, creating a joint networked state. This
phenomenon is usually called “brain-to-brain synchrony/
synchronization” (16) or “interpersonal brain/neural
synchronization” (4, 5, 43–45).

The mechanisms of brain-to-brain synchrony are still
debated. Although some researchers see brain-to-brain
synchrony, per se, as a mechanism for social behaviors [e.g.,
(8)], others claim that synchrony is not a mechanism in itself but
a measurable reflection of the underlying neural computations
that support some psychological processes [e.g., (16)]. Dikker
and colleagues proposed “shared attention” as a possible source
of brain-to-brain synchrony by successfully demonstrating a
positive relationship between alpha band power (a well-
characterized index of attention) and synchrony measures.
This account is also in line with a series of past studies using
mutual gaze tasks (28, 46–48). Apart from this account of shared
attention, other studies also posited that social signals (such as
gaze, gestures, or vocalizations) could promote mutual temporal
alignment of the brains involved, leading to a joint networked
state to facilitate information transfer (5, 49).

Note that this review is not intended to be a comprehensive
review of two-person approaches, given the excellent reviews
previously published on this topic (9, 11, 50). For this reason, we
did not go into depth about any techniques but instead refer
readers to Table 1 that briefly describes the commonly used
measures and other empirical work [e.g., (58–60)]. Additionally,
compared to emerging two-person neuroscience endeavors (i.e.,
brain-to-brain), two-person behaviors (i.e., eye-to-eye and body-
to-body) have long been monitored to investigate social
interaction. With this in mind, we mainly discussed behavioral
paradigms that were (potentially) related to two-person
neuroscience, as that is where our novelty lies.

Readers should keep in mind that the three aforementioned
dimensions (eye-to-eye, body-to-body, and brain-to-brain) are
not isolated but are strongly associated with each other. For
instance, eye contact synchronization might occur in parallel
with brain activity synchronization (28, 30), and body-to-body
coupling could be associated with brain-to-brain coupling (2,
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31). These novel approaches facilitate the investigation of
behavioral dynamics and neural mechanisms of social
behaviors (50) and thus yield new insights into the field of
social interaction in psychiatry.
RECENT APPLICATIONS OF THE TWO-
PERSON APPROACH IN SOCIAL
INTERACTIONS UNDER PSYCHIATRIC
SETTINGS

Autism
Autism spectrum disorder (ASD) is a neurodevelopmental
disorder characterized by social deficits in communication and
inter-personal interactions, as well as non-social deficits in
repetitive behavior (61). Social deficits in communication in
individuals with ASD are reflected in various aspects, such as
joint attention (62–64), motor imitation (65), and interpersonal
coordination (66, 67).

Joint attention is a set of nonverbal behaviors, including eye
gaze, pointing, and showing, which are used to reference outside
objects during a communicative exchange (62). Generally, joint
attention occurs within the context of a social interaction, when
one person directs another person's attention to an object
(initiating joint attention), and the second person's attention
follows (responding to joint attention). Previous studies have
established impaired joint attention in children with ASD (62)
and that the early development of joint attention predicts future
language and social cognitive skills in children with ASD (68, 69);
therefore, joint attention skills are critical targets of intervention
for this population.

Atypical joint attention behaviors and brain activation
patterns have been observed in individuals with ASD when
they were required to view images or movies of real or virtual
people (63, 70). However, these traditional experimental setups
(i.e., viewing images or movies) might not be a promising
method to disclose the neural basis of initiating joint attention
in individuals with ASD. Concerning this issue, Redcay et al.
Frontiers in Psychiatry | www.frontiersin.org 480
adopted a dual-video setup that allowed for a face-to-face
interaction between the subject and experimenter via video
during fMRI data collection. By using the two-person
approach, they depicted activation patterns related to initiating
joint attention and responding to joint attention in both the ASD
group and the normal control group (27). Compared with the
normal group, the ASD group showed a reduced brain activation
difference between joint attention conditions (including
initiating joint attention and responding to joint attention) and
solo attention conditions in the dorsal medial prefrontal cortex
and right posterior superior temporal sulcus. Distinct regions
included the ventromedial prefrontal cortex for responding to
joint attention and the intraparietal sulcus and middle frontal
gyrus for initiating joint attention (27). The lack of
differentiation was further characterized by reduced activation
during joint attention conditions and relative hyperactivation
during solo attention conditions (71).

Although Redcay and colleagues applied the two-person
approach and adopted a live face-to-face communication task
in their study, they used a single fMRI setting and measured a
single brain in an isolated manner. To elucidate the neural
substrates of direct, real-time interactions between ASD
patients and normal subjects, Tanabe et al. (72) conducted the
first fMRI-based hyperscanning study in ASD individuals by
using the mutual gaze paradigm developed by Saito et al.. They
found that compared to the normal–normal pairs, ASD–normal
pairs exhibited less accurate gaze direction detection and less
prominent inter-brain coherence in the right inferior frontal
gyrus during eye contact (72). The findings suggest that the
impairment of joint attention in ASD could be related to the
difficulty in understanding shared intention through eye contact,
which is represented by reduced inter-subject synchronization of
cortical regions including the right inferior frontal gyrus.

Apart from impaired joint attention, most individuals with
ASD have deficits in interpersonal motor imitation and
coordination (65–67). A related study has shown that in
individuals with ASD, a higher degree of autistic traits (i.e.,
higher Autism Spectrum Quotient score) could predict a lower
ability to modulate movements to coordinate with normal
individuals (i.e., social interactive tasks) but not differences in
movement preparation and planning with a non-biological
stimulus (i.e., non-social tasks) (66). This finding suggests that
the failure of individuals with ASD to coordinate with others was
not due to basic motor or executive function difficulties.
Furthermore, the performance of individuals with ASD
regarding interpersonal motor coordination could possibly
depend on the social skill ability of the individuals with whom
they are paired (73). Pairs of participants with widely differing
Autism Spectrum Quotient scores performed better than pairs
with similar Autism Spectrum Quotient scores in the inter-
personal rhythmic movement task. Specifically, participants
with relatively higher Autism Spectrum Quotient scores tended
to precede their partners in the task.

Recently, Wang and colleagues conducted fNIRS-based
hyperscanning studies to further explore brain-to-brain
coupling during interpersonal coordination tasks between
TABLE 1 | Several commonly used measures in two- or multi-person studies.

Measure Description Example
References

Motion energy
analysis

Computing pixel changes across video
frames and generate motion energy time
series for both participants during interaction

(33, 51)

Windowed cross-
correlation

Tracking the movements of two variables or
sets of data relative to each other

(33, 51, 52)

Phase locking value Measuring the consistency of the phase-
difference

(3, 53, 54)

Circular correlation
coefficient

Measuring the circular covariance of
differences between the observed phase
and the expected phase

(55–57)

Wavelet transform
coherence

Measuring local correlation between two
signals as a function of both frequency and
time

(1, 4–6)

Granger causality
analysis

Estimating the directional coupling (1, 4, 5, 45)
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children with ASD and normal partners (i.e., parents in the
study). The results showed that compared to solo and non-
interactive behaviors, coordinating interactions with their
parents could elicit increased inter-personal neural
synchronization in the frontal cortex of children with ASD
(67). Neural synchronization was further found to be
modulated by the children's autism symptoms and covaried
with their cooperation task performance. That is, children with
severe autism symptoms showed worse behavioral performance
and less neural synchronization with their parents during
coordination than children with less severe symptoms.

Mood Disorders
Patients suffering from mood disorders, e.g., major depressive
disorder and bipolar disorder, showed atypical interpersonal
communication according to their mood state (61). Previous
studies have employed fMRI to explore cognitive and emotional
dysfunctions and found altered activation of the amygdala, as
well as the frontal, cingulate, and temporal cortices, in patients
with major depressive disorder and bipolar disorder during
various cognitive tasks (74). However, brain activation during
conversation has not yet been investigated in patients with mood
disorders due to methodological difficulties.

In 2014, Takei and colleagues conducted a fNIRS study in
which major depressive disorder and bipolar disorder patients
performed a face-to-face conversation with an interviewer who
was selected from the hospital staff and had not been previously
acquainted with the participants (i.e., a two-person situation with
a focus on the patient's brain). In their study, patients' frontal and
temporal lobe activation levels were measured during the
conversation condition (including speech and listening phases)
and control condition (including syllables and silent phases). The
results showed less activation in the left dorsolateral prefrontal
and left frontopolar cortices in major depressive disorder and
bipolar disorder patients than in normal individuals, as well as a
rapid decrease in bilateral frontopolar activation in major
depressive disorder and bipolar disorder patients. Particularly,
in patients with major depressive disorder, the average amount
of signal change over time in the frontopolar cortex was
positively correlated with their Global Assessment of
Functioning scores; in patients with bipolar disorder, the
average brain activation during conversation was negatively
correlated with the age of onset in the right dorsolateral
prefrontal cortex and both middle temporal lobes (75). These
findings suggest that both continuous activation and rapid
change may reflect the pathophysiological characteristics of
major depressive disorder and bipolar disorder.

Schizophrenia
Schizophrenia is marked by poor social-role performance and
social-functioning deficits that are well reflected in interpersonal
communication (61). Such social deficits could be captured by
body-to-body dynamics. For example, Kupper and colleagues
found that a low level of nonverbal synchrony was associated
with negative symptoms, low social competence, impaired social
functioning, and low self-reported competence. Negative
symptoms were more prominent when patients reduced their
Frontiers in Psychiatry | www.frontiersin.org 581
imitation of the movements of the interactant; in turn, positive
symptoms were more prominent when interactants reduced
their imitation of patients' movements (51).

The social deficits shown by patients with schizophrenia
could be associated with reduced volume and/or reduced gray
matter activation in specific brain regions, such as the temporal
lobe, ventromedial prefrontal cortex, and cingulate cortex (76,
77). Takei et al. used fNIRS to investigate frontal and temporal
lobe activation in patients with schizophrenia during the
conversation (i.e., a two-person situation with a focus on the
patient's brain). The results showed that patients with
schizophrenia , compared to normal controls , were
characterized by decreased activation in the bilateral temporal
lobes and right inferior frontal gyrus during the conversation
task (78). The decreased activation in the related brain regions
negatively correlated with disorganization and negative
symptoms suggested that the disorganization and negative
symptoms observed in patients with schizophrenia in clinical
situations are related to dysfunction of the left temporal lobe and
right inferior frontal gyrus. In addition, frontal lobe dysfunction
was also reported to be linked to difficulties in gesture planning
and execution (79), which might explain the poor social
functioning in schizophrenia patients.

Borderline Personality Disorder
Borderline personality disorder is characterized by repeated
interpersonal conflict and unstable relationships (61). Bilek and
colleagues recently explored the neurobiological mechanism of
social interactive deficits in borderline personality disorder. In
their study, current borderline personality disorder patients and
remitted borderline personality disorder patients were recruited to
perform a joint attention task with normal participants. Compared
with the normal-normal pairs, normal-current borderline
personality disorder pairs showed reduced interpersonal brain
connectivity. Remarkably, for remitted patients, interpersonal
brain connectivity was restored. These findings emerged only in
the study of information flow between dyads and were not
associated with any between-group differences in individual brain
structure or function, indicating the necessity of two-person
approaches. Cross-brain measurements, therefore, deliver state-
associated biomarkers that may help to guide diagnostic and
therapeutic procedures in the future (80).

Psychotherapy
As described above, individuals with psychiatric disorders have
social deficits that reflect verbal or nonverbal coordination with
others to some extent. It is worth noting that the synchrony,
especially nonverbal synchrony, between patients and therapists
is also highlighted during psychotherapy.

Ramseyer et al. (33) found higher nonverbal coordination in
genuine interactions (i.e., real pairs of patients and therapists) in
contrast with pseudo-interactions (i.e., random pairs of patients
and therapists). More importantly, nonverbal coordination was
associated with patients experiencing high quality relationships
and high self-efficacy (33). Other studies showed that nonverbal
synchrony between patients and therapists could be modulated
by therapeutic approaches (81) and varied by disorder (82).
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Recently, researchers attempted to disclose the neural
mechanisms underlying behavioral synchrony during
psychotherapy. In a preliminary study, typical students were
recruited as clients, and they were required to have interactions
with professional counsellors. By using the fNIRS-based
hyperscanning technique, researchers recorded the brain
activation of both clients and counsellors in the frontal cortex
and right temporoparietal junction during the psychological
counselling phase and the chatting phase (83). Better working
alliances and increased interpersonal brain synchrony in the
right temporoparietal junction between clients and counselors
were observed during psychological counseling (versus chatting).
Such inter-personal brain synchrony was correlated with the
bond of the working alliance. This study refines the neural
explanation of behavioral synchrony during psychotherapy.

Briefly, interpersonal body and brain synchrony could play
important roles in the processes of psychotherapy. The lack of
coordination during psychotherapy may be a risk factor for the
condition's recurrence (84). The findings provide insights for
psychological interventions for psychiatric disorders.
INTERPERSONAL BODY AND BRAIN
COUPLING OFFER INSIGHTS FOR
PSYCHOLOGICAL INTERVENTIONS FOR
PSYCHIATRIC DISORDERS

Manipulation of Inter-personal Body
Synchrony
Given that synchrony has also been associated with the outcome
of psychotherapy, “moving together” could possibly be an
efficient means to improve psychiatric patients' social
dysfunction. Notably, the idea of using imitation and
synchronization in clinical interventions to target social
functions has a long tradition in dance/movement therapy in
general and in working with children with ASD in particular
(85–87). Some studies have provided empirical evidence for this
notion. For example, a seven-week intervention study focusing
on movement mirroring showed that young adults with ASD
reported improved well-being, body awareness, self–other
distinction, and social skills after the intervention (88).
Moreover, patients treated with an interpersonal movement
imitation and synchronization intervention showed a
significantly larger improvement in emotional inference than
those treated with a control movement intervention that focused
on individual motor coordination (89).

Interventions targeting social synchronous behavior on social
functions can even positively affect two-year-old toddlers with ASD
(90). In the study by Landa et al., toddlers with ASD were
randomized to either a classroom-based inter-personal synchrony
intervention (including imitation, joint attention, and affect
sharing) or a non-inter-personal synchrony intervention. It was
found that after approximately 200 hours of interpersonal
synchrony interventions (versus non-interpersonal synchrony
Frontiers in Psychiatry | www.frontiersin.org 682
interventions), toddlers showed enhanced socially engaged
imitations paired with eye contact with the examiner and
demonstrated a trend toward higher levels of nonverbal cognition
during posttest assessments (90). The study provided evidence for
plasticity in these developmental systems in toddlers with ASD.

Notably, the interventions could initially be conducted via a
computer-mediated interference. It was reported that individuals
with high-functioning autism showed a reduced sensitivity to the
other person's responsiveness to one's own behavior when they
were required to have real-time sensorimotor interaction with
normal individuals; however, they performed equally well as
controls under the highly simplified, computer-mediated,
embodied form of social interaction. This finding supports the
increasing use of virtual reality interfaces to help people with
ASD better compensate for their social disabilities (91).

Manipulation of Inter-personal Brain
Synchrony
Related studies have revealed that interpersonal brain synchrony
reflects social dysfunctions and intervention effects to some
extent (80, 83). Thus, it could be possible to improve the social
communication and interpersonal relationships of patients with
psychiatric disorders by manipulating interpersonal
brain synchrony.

To date, some studies have applied transcranial alternating
current stimulation (tACS) to specific brain regions of
interacting persons to directly examine the relationship
between interpersonal brain synchrony and behavioral
synchrony (92, 93). For example, Novembre and colleagues
induced beta band (20 Hz) oscillations over the left motor
cortex in pairs of individuals who both performed a finger-
tapping task with the right hand and found that in-phase 20 Hz
stimulation enhanced inter-personal movement synchrony
compared with anti-phase or sham stimulation, particularly for
the initial taps following the preparatory period. However, in the
study of Szymanski et al., both the same-phase-same-frequency
and the different-phase-different-frequency conditions were
associated with greater dyadic drumming asynchrony relative
to the sham condition. The inconsistent findings might be related
to the different stimulation protocols and experimental
paradigms, which need to be verified.

Apart from dual-brain stimulation, neurofeedback is also a
promising approach to manipulating brain activity. There is
growing evidence to support the idea that a single participant's
brain activity can be self-regulated with neurofeedback, yielding
specific behavioral effects [see (94, 95) for a review]. During the
past several decades, the technique of neurofeedback has been
applied to patients with psychiatric disorders (e.g., major
depressive disorder, personality disorder, and schizophrenia) to
relieve psychiatric symptoms [see (96) for a review]. Previous
studies have revealed that a neurofeedback tool that tracks human
interaction at the neural level has potential clinical applications for
the diagnosis and treatment of social cognition disorders. For
example, persons with autism may respond better to explicit cues
via technological interfaces than to human cues (91).
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CHALLENGES

Artifacts and Sample Size
To study the behavioral and neurophysiological mechanisms
underlying social interactions, two-person approaches call for
highly ecologically valid experimental paradigms. At the
methodological level, compared to fMRI and EEG data, fNIRS
data offer the advantage of capturing brain activity in realistic
social situations while being less affected by motor artifacts (97).
Some video-based techniques or peripheral devices restrain
participants even less (e.g., motion energy analysis, actigraphy).

However, high ecological validity comes at the cost of having
unavoidable artifacts. The (neural) signal is potentially
contaminated by at least two factors. First, motion artifacts are
likely to be generated in unconstrained environments (98, 99),
affecting the reliability of data. Second, spontaneous systemic
effects from neural activity or peripheral physiological
fluctuations may affect signal quality (100). These artifacts
could be mitigated by several artifact correction methods.
However, good post hoc data processing is never better than
good data collection. Future studies should simultaneously
consider the ecological validity and motion/systemic artifacts
when applying two-person approaches.

A common issue in two-person neuroscientific research
relates to the sample size. “Two-person” is a fancy technique,
but it also means that a larger sample size would be required. For
example, 60 participants indicate a sample size of 60 for single-
person studies but only half for two-person studies in many cases
(i.e., 60 participants would lead to a sample size of 30 for two-
person studies; and an even smaller sample size for multi-person
studies). One is encouraged to define the sample size prior to
formal experiments by conducting statistical power analyses, e.g.,
using the G*power toolbox (101). Future studies are needed to
consolidate the previous findings from two-person studies by
enlarging the sample size to increase statistical power.
Statistical Methods of Assessing
Synchrony
There are several techniques that estimate the covariance or
directional coupling of time series generated from two
interacting partners in previous studies. These include the
phase locking value [(53); see also (3, 54)], wavelet transform
coherence [(102); see also (4, 13)], windowed cross-correlation
[(52); see also (33, 51)], and Granger causality analysis [(103); see
also (5, 32, 45)].

However, when evaluating data analyses for two-person data,
there is currently no uniform analytical pipeline (i.e., statistical
methods for assessing synchrony). Different two-person studies
adopt distinct analysis strategies (e.g., with vs. without filtering),
making the findings less congruent. In an endeavor to achieve
transparency, consistency, and repeatability, future research
should reach a consensus on common analysis guidelines. This
practice will largely facilitate the replication of findings and their
interpretations. Recent advances have seen some efforts in this
direction [e.g., (104)].
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Indeed, different methods aim at addressing distinctive
research questions. For example, interpersonal phase
synchronization between two participants in a dyad could be
addressed using phase locking value or wavelet transform
coherence methods, whereas the former was commonly used
in behavioral and EEG studies and the latter was widely used in
fNIRS research. Windowed cross-correlation not only provides
information regarding simultaneous synchrony but can also
reveal lagged information (i.e., which time series is leading the
other). Granger causality also provides suggestions for coupling
directionality, in case one is interested in exploring the direction
of information flow between individuals. Researchers should
utilize suitable statistical methods for assessing synchrony,
targeting specific research aims.

Clinical Translation Application
Current two-person studies are still facing technical and
methodological challenges, making the findings difficult to
interpret and controversial for direct clinical translation. In
addition, considering the limited sample size in previous two-
person studies, it is rather inappropriate to generalize the
laboratory findings to real-life psychiatric applications.
Notwithstanding, previous studies pave the way for the use of
two-person approaches in practical psychiatric settings. For
example, it was reported that body-to-body synchrony
reflected relationship quality and outcomes in psychotherapy
(33). This implies that interpersonal markers could be potential
tools to aid diagnostic procedures. Additionally, dual brain
stimulation was reported to foster behavioral coordination and
improve social interactions (92, 93). This is relevant for
complementary treatments for social disorders, such as autism.
CONCLUSIONS AND FUTURE
PERSPECTIVES

In sum, two-person approaches are promising tools for studying
social interaction, particularly in the field of psychiatry. Although
still facing several methodological and translational challenges,
the two-person approach has its benefits compared to the
conventional single-person approach when studying dynamic
social interactions. The use of two-person approaches in
psychiatry facilitates advancements in our understanding of the
mechanism of atypical social interaction in the fields of autism,
mood disorders, schizophrenia, borderline personality disorder,
and psychotherapy. Two-person approaches also show promise
in clinical interventions when combined with brain stimulation
and neurofeedback techniques.

A future direction is to integrate the two-person approaches
with computational modeling techniques (105), which may help
further empower a better understanding of the computational
mechanism of social interaction in psychiatry. Another direction
is to manipulate the situations during social interaction using
virtual reality (106) and test the effects of social factors, such as
interpersonal distances and angles on eye-to-eye, body-to-body,
and brain-to-brain communications. Eventually, as psychiatric
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disorders are strongly influenced by genetic factors (107), future
studies are also encouraged to combine two-person approaches
and multivariate genetic models.
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Visual Stimulation Streams Reveals
Reduced Saliency of Faces in Autism
Spectrum Disorder
Sofie Vettori 1,2*, Milena Dzhelyova2,3, Stephanie Van der Donck1,2, Corentin Jacques1,3,
Jean Steyaert1,2, Bruno Rossion3,4,5 and Bart Boets1,2

1 Center for Developmental Psychiatry, Department of Neurosciences, KU Leuven, Leuven, Belgium, 2 Leuven Autism
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University of Louvain, Louvain-La-Neuve, Belgium, 4 Université de Lorraine, CNRS, CRAN-UMR 7039, Nancy, France,
5 Université de Lorraine, CHRU-Service de Neurologie, Nancy, France

Individuals with autism spectrum disorder (ASD) have difficulties with social communication
and interaction. The social motivation hypothesis states that a reduced interest in social
stimuli may partly underlie these difficulties. Thus far, however, it has been challenging to
quantify individual differences in social orientation and interest, and to pinpoint the neural
underpinnings of it. In this study, we tested the neural sensitivity for social versus non-social
information in 21 boys with ASD (8-12 years old) and 21 typically developing (TD) control
boys, matched for age and IQ, while children were engaged in an orthogonal task. We
recorded electroencephalography (EEG) during fast periodic visual stimulation (FPVS) of
social versus non-social stimuli to obtain an objective implicit neural measure of relative
social bias. Streams of variable images of faces and houses were superimposed, and each
stream of stimuli was tagged with a particular presentation rate (i.e., 6 and 7.5 Hz or vice
versa). This frequency-taggingmethod allows disentangling the respective neural responses
evoked by the different streams of stimuli. Moreover, by using superimposed stimuli, we
controlled for possible effects of preferential looking, spatial attention, and disengagement.
Based on four trials of 60 s, we observed a significant three-way interaction. In the control
group, the frequency-tagged neural responses to faces were larger than those to houses,
especially in lateral occipito-temporal channels, while the responses to houses were larger
over medial occipital channels. In the ASD group, however, faces and houses did not elicit
significantly different neural responses in any of the regions. Given the short recording time
of the frequency-tagging paradigm with multiple simultaneous inputs and the robustness of
the individual responses, the method could be used as a sensitive marker of social
preference in a wide range of populations, including younger and challenging populations.
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INTRODUCTION

Individuals with autism spectrum disorder (ASD) are
characterized by impairments in social communication and
interaction, and the presence of restricted and repetitive
patterns of interests and behavior. They often struggle with
social interactions in daily life (1). Several developmental
accounts [e.g., (2–4)] propose a developmental cascade in
which early-onset impairments in social attention deprive
children of adequate social learning experiences necessary for
the development of successful social interactions (5). As a result,
the classical preference for social over non-social stimuli (e.g.,
faces over artefacts) that is observed in early life and throughout
development [e.g., (6–9)] might not arise, further disrupting the
development of social skills and social cognition, and ultimately
social functioning and interaction. Due to differences in neural
reward processing, autistic people may not experience social
stimuli as rewarding as neurotypical people do [e.g., (10–12)].
However, findings on this matter have not been entirely
consistent. While Zeeland et al. (12), find that the response to
social rewards is particularly decreased in children with ASD in
relation to social reciprocity, reward responses to non-social
stimuli were also reduced. Therefore, whether aberrant reward
processing in ASD is confined to social stimuli or reflects a more
general deficit in stimulus-reward associations remains unclear.
Likewise, whether attentional processing is particularly impaired
for social stimuli or for more complex stimuli in general, remains
inconclusive (13).

Empirical evidence from eye-tracking studies confirms that
the classical attentional preference for social versus non-social
stimuli in the general population is reduced or even absent in
individuals with ASD. While evidence is mixed during the first
months of life, infants who later develop autism symptoms show
reduced social orienting by the end of the first year (14, 15).
Recently, a large cohort study (16) with toddlers (12–48 months
old) reported enhanced preference for visual stimuli displaying
geometric repetition as compared to social stimuli (e.g., videos of
playing children) in children later diagnosed with ASD, in
particular for an ASD subtype with more severe symptoms.
These results suggest that perhaps, the decreased social
engagement observed by the end of the first year of life is the
developmental consequence of impairments in a different
functional system during infancy. Hence, an alternative
hypothesis is that decreased social orienting and motivation
could, for example, be a consequence of difficulties in
processing the incoming social information, rather than their
cause (14, 15).

In a meta-analysis, Frazier and colleagues (17) analyzed and
integrated results of 122 independent studies investigating gaze
patterns in infants, children, and adults with ASD as compared
to TD individuals. They concluded that individuals with ASD
show a basic difficulty selecting socially relevant versus socially
irrelevant information. Moreover, gaze abnormalities persist
across age and worsen during the perception of human
interactions. Other meta-analyses of eye-tracking studies report
Frontiers in Psychiatry | www.frontiersin.org 288
similar evidence for decreased visual attention to social stimuli in
individuals with ASD (18, 19), and demonstrate that an increase
in social load, either by including child directed speech or by
including several persons interacting with each other, further
results in decreased attention to social stimuli in participants
with ASD. Thus, generally, eye-tracking research supports a
reduced preferential looking bias for social stimuli in ASD.
However, effect sizes are moderate and vary across studies,
stimuli, and designs (18, 19).

Eye-tracking, often the methodology of choice to study social
preference, conveys information about overt orienting processes.
However, covert attention is not assessed by eye-tracking studies,
possibly resulting in an underestimation of the social bias in
studies comparing individuals with and without ASD. The covert
processing of social information in ASD has been mostly
studied via event-related potentials (ERPs) extracted from
electroencephalography (EEG) [e.g., (20–26)]. The vast majority
of studies focused on the N170, a negative ERP peaking at about
170 ms over occipito-temporal sites following the sudden onset of
a face stimulus (27). This component is particularly interesting
since it differs reliably between faces and other stimuli in
neurotypical individuals (see 28 for review) and reflects the
interpretation of a stimulus as a face, beyond the physical
characteristics of the visual input (29–31). An extensive amount
of research has investigated how the N170 may be different in
individuals with ASD versus TD controls. A recent meta-analysis
pointed to a small but significant delay in N170 latency in response
to faces in ASD compared to TD controls (32). However, the effect
is not systematically found and does not relate to behavioral
measures of social functioning in ASD (33). Moreover, its
specificity is questionable, since it may reflect the generally
slower processing of meaningful, even non-social, visual stimuli
(34). Neural processing of social and nonsocial stimuli has also
been studied through functional near-infrared spectroscopy
(fNIRS). Atypicalities in the neural processing of social
information in 4–6 month old infants at high familial risk for
ASD were demonstrated (35) and replicated in an independent
sample (36). While these methods provide information about the
covert processing of social and nonsocial information, they are
limited by the need to present social and nonsocial stimuli at
different times, in order to isolate and compare neural responses to
each of them.

To address this limitation, our recent study (37) relied on an
EEG frequency-tagging approach [(38), see (39) for review] to
investigate to what extent school-aged boys with and without
ASD show a bias toward social stimuli. Specifically, we
simultaneously presented two stimulation streams of widely
varying images of faces or houses, tagged at different frequency
rates, next to each other. With eye-tracking, we measured the
fixations within specific areas of interest spanning each stimulus
type, thereby offering an index of the overt attentional
preference. With EEG, we measured the amplitude of the
frequency-tagged electroencephalographic response to each of
the stimulus types, thereby offering an index of the neural
saliency of each type of stimuli. Frequency-tagged EEG showed
April 2020 | Volume 11 | Article 332
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enhanced neural responses for faces versus houses in the TD
group, and a significant reduction of this social bias in boys with
ASD as compared to TD boys. Importantly, this reduced social
bias in ASD, as indexed by a group by stimulus type interaction,
was already significant after only 5 s of stimulus presentation.
Frequency-tagging EEG responses and eye tracking results (i.e.,
proportional looking times) were highly correlated, implying
that individuals who looked relatively more at the stream of faces
also showed higher face-tagged EEG responses. However, solely
based on the eye-tracking results, we could not conclude that
social preference was significantly reduced in the ASD group.
Thus, the eye-tracking preferential looking data did not
differentiate significantly between both groups, whereas the
frequency-tagging EEG data did. Moreover, and unfortunately,
participants looked in between both streams of stimuli for a large
proportion of time. Another issue is that individual differences in
spatial attention and attentional disengagement might also have
affected the amplitude of the neural responses, and individuals
with ASD have been reported to present alterations in both these
domains. Indeed, orienting to a visual stimulus outside the
current focus of attention requires two (potentially separable)
components: First, one must disengage from whatever currently
occupies one’s attention, and, second, one must shift to the
peripheral stimulus (40, 41). Pertaining to visuo-spatial
attention, individuals with ASD have been reported to present
a sharper focus of attention (42) and they may benefit less and
more slowly from a spatial cue in a Posner task (43). Pertaining
to attentional disengagement, and in line with the restricted and
repetitive behaviors and the characteristic difficulties in flexibility
in ASD, a systematic review (41) concluded that there is robust
behavioral and electrophysiological evidence from infants,
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children, and adults that autistic individuals have difficulties
with disengagement. Mo et al. (44) further showed that this
difficulty with attentional disengagement is rather domain-
general and not specific to social stimuli.

Based on these considerations, the present study aims at
improving our measures and strengthen our previous
observations by spatially superimposing the two types of
stimulus streams, so that differences in looking patterns, spatial
attention, and disengagement cannot influence the processing
saliency of each stimulus category. More precisely, while
recording EEG signals, we present two streams of widely
varying images of faces and houses, tagged at different
frequency rates, simultaneously and superimposed at exactly
the same position (Figure 1 ; Movie S1). Combining
frequency-tagging with EEG allows disentangling neural
responses to each of the stimulation streams, even when they
are superimposed. Previous frequency-tagging EEG research
with superimposed stimuli has shown that attention can
modulate neural processing in a nonspatial manner. Enhanced
processing (indicated by increased frequency-tagging EEG
responses) of particular visual features (e.g., color, orientation,
or direction of motion) or objects has been reported when those
are attended, even when they are spatially overlapping
[e.g., (45–49)]. In particular, one study presented spatially
overlapping frequency-tagged face and house images while
magnetoencephalography (MEG) responses were monitored
as participants attended to the overlapping streams for cued
targets. By combining the frequency-tagged MEG responses
with functional ROIs defined from functional MRI (fMRI), the
researchers found that attention to faces resulted in enhanced
sensory responses in a face-selective region of the fusiform
A

B

FIGURE 1 | (A) Illustration of a stimulation sequence. The total experiment consisted of four sequences of 60 s. We counterbalanced frequencies (6 and 7.5 Hz) of
the stimuli. In the illustrated example, images of houses were presented at 6 Hz, while images of faces were presented at 7.5 Hz. In the other two trials, faces were
presented at 6 Hz and houses at 7.5 Hz. Images were contrast-modulated from 0 to 50%. The first black arrow depicts what was presented at 0.22 s. At this time
point, the second face is presented at approximately 30% contrast, while the second house is also presented at 30% contrast. (B) Examples of face and house
stimuli. Written informed consent was obtained from the individuals for the publication of the images.
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gyrus, whereas attention to houses resulted in increased
responses in a place-selective region of the parahippocampal
gyrus (50).

In the current study, images of natural faces (highly varying
across viewpoint, luminance etc …) were used as a prototype of
the social category. Pictures of houses were used as the non-social
category, as often used in neuroimaging and electrophysiology
research to compare to faces, including recent studies in ASD (33).
Pictures of houses are typically associated with responses in medial
regions of the ventral occipitotemporal cortex, such as the
collateral sulcus and the parahippocampal gyrus (50–54)
whereas faces typically elicit responses in the lateral parts of the
middle fusiform gyrus (latFG) and in the inferior occipital gyrus
(IOG) of the ventral occipito-temporal cortex (VOTC) (55–58)
[see (59) for a direct comparison using human intracerebral
recording data]. Moreover, faces and houses evoke quantitatively
and qualitatively different category-selective responses in scalp
EEG (60).

In general, we expect to find a strong social bias in TD
children, as indicated by larger frequency-tagged EEG
amplitudes in response to face stimuli as compared to house
stimuli. Based on the literature and in accordance with our
previous study (37), we expect that children with ASD will show
a reduced social bias compared to TD children, or even that the
social bias may be absent.
MATERIAL AND METHODS

Participants
We recruited 47 boys, aged 8-to-12 years old. To match the
groups on verbal and performance IQ (VIQ, PIQ) five
participants (two from the TD group, three from the ASD
group) were a priori excluded from the reported analyses,
resulting in a sample of 21 typically developing (TD) boys
(mean age = 11.0 years ± SD = 1.2) and 21 boys with ASD
(mean age = 10.9 ± 1.5, Table 1). However, inclusion of these
participants did not change any results of the analyses. The
sample in this study is identical to the one in the previous study
(37), where social and non-social stimuli were presented side-by-
side. All participants had normal or corrected-to-normal vision,
and had a verbal and performance IQ above 80. Thirty-nine
participants were right-handed. Participants with ASD were
recruited through the Autism Expertise Center of the
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University Hospitals Leuven, Belgium. TD participants were
recruited through elementary schools and sports clubs.

Participant exclusion criteria were the presence or suspicion
of a psychiatric, neurological, learning, or developmental
disorder [other than ASD or comorbid attention deficit
hyperactivity disorder (ADHD) in ASD participants] in the
participant or in a first- or second-degree relative. This was
assessed with a checklist filled out by the parents. Inclusion
criteria for the ASD group were a formal diagnosis of ASD made
by a multidisciplinary team in a standardized way according to
DSM-IV-TR or DSM-5 criteria (1) and a total T-score above 60
on the Social Responsiveness Scale [SRS parent version (61)].
Seven participants with ASD took medication to reduce
symptoms related to ASD and/or ADHD (Rilatine, Concerta,
Aripiprazol). The TD sample comprised healthy volunteers,
matched on age, verbal and performance IQ. Parents of the
TD children also completed the SRS questionnaire to exclude the
presence of substantial ASD symptoms. Descriptive statistics for
both groups are displayed in Table 1, showing that they did not
differ for age and IQ. Evidently, both groups differed highly
significantly on SRS scores.

The Medical Ethical Committee of the university hospital
approved the study, and the participants as well as their parents
provided informed consent according to the Declaration of
Helsinki. All participants received a monetary reward and a
small present of their choice. The experiment was embedded in a
larger research project consisting of three testing sessions.
Intellectual abilities were assessed in a separate session. The
current frequency-tagging experiment was included in the
third session.

IQ Measures
An abbreviated version of the Dutch Wechsler Intelligence Scale
for Children, Third Edition [WISC-III-NL; (62, 63)] was
administered. Performance IQ was estimated by the subtests
Block Design and Picture Completion, verbal IQ by the subtests
Vocabulary and Similarities (64).

Frequency Tagging Experiment
Stimuli
Forty-eight color images of faces and 48 images of houses were
used, all within their original background, making the images
widely variable. Stimuli were selected from (65) and (60).
Amplitude spectra of the face and house stimuli are available
in supplementary material (Figure S1 and Figure S2,
Supplementary Material). The spectral analyses show that
house stimuli have more energy in higher spatial frequencies
and cardinal orientations. Faces and houses were presented
superimposed on the screen, with a broad rectangular outline
around them (Figure 1): one stimulation stream presented faces,
and the other stream presented houses. All images differed highly
in terms of viewpoint, lighting conditions and background. All
stimuli were resized to 250 x 250 pixels, had equal pixel
luminance and root-mean-square contrast on the whole image.
Shown at a distance of 60 cm, and at a resolution of 1,920 x 1,200,
TABLE 1 | Participant characteristics.

ASD
(mean ± SD)

TD
(mean ± SD)

t(df) p

Verbal IQ 107 ± 12 112 ± 12 t(40) = −1.41 0.18
Performance IQ 104 ± 15 110 ± 14 t(40) = −1.44 0.21
Age 10.8 ± 1.6 11 ± 1.2 t(40) = 0.80 0.43
Social Responsiveness
Scale (T-score)

85 ± 12 42 ± 6 t(40) = 14.57 <.0001
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the stimuli subtended approximately 13° of visual angle. Both the
face and the object images were presented in a random order.

Procedure
After electrode-cap placement, participants were seated at a
viewing distance of 60 cm and were instructed to maintain a
constant distance. Stimuli were displayed on the screen [24-in.
light-emitting diode (LED)-backlit liquid crystal display (LCD)
monitor] through sinusoidal contrast modulation on a light grey
background using Java. We used a screen with a refresh rate of 60
Hz, ensuring that the refresh rate was an integer multiple of the
presentation frequencies. A sequence lasted 64 s, including 60 s
of stimulation at full contrast, flanked by 2 s of fade-in and fade-
out, with contrast gradually increasing and decreasing between 0
and 50%. Fade-in and fade-out were used to avoid abrupt eye
movements and eye blinks due to the sudden appearance or
disappearance of flickering stimuli. In total, there were four
sequences, hence the total duration of the stimulus presentation
was about 4 minutes.

Figure 1 andMovie S1 (Supplementary Material) illustrate a
sequence, consisting of two streams of simultaneously presented
series of images. In each sequence, images of one stimulus
category were presented at 6 Hz and images of the other
category at 7.5 Hz. The two streams of images were
superimposed to one another and shown at the center of the
screen. All images were drawn randomly from their respective
categories, cycling through all available images before any image
repetition. The presentation rate (6 vs . 7.5 Hz) was
counterbalanced across both stimulus types (faces vs. houses),
resulting in two conditions presented in a randomized order. The
presentation frequencies were selected so that they are close to
each other, in order to minimize differences in absolute EEG
response (39, 66, 67).

Participants were instructed to look freely at the images on
the screen and to press a key whenever they detected brief (300
ms) changes in the color of the rectangular outline surrounding
the images. These color changes occurred randomly, 15 times per
sequence. This task was orthogonal to the effect/manipulation of
interest and ensured that participants maintained a constant
level of attention throughout the entire experiment.

Electroencephalography Recording
EEG was recorded using a BioSemi ActiveTwo amplifier system
with 64 Ag/AgCl electrodes. During recording, the system uses
two additional electrodes for reference and ground (CMS,
common mode sense, and DRL, driven right leg). Horizontal
and vertical eye movements were recorded using four electrodes
placed at the outer canthi of the eyes and above and below the
right orbit. The EEG was sampled at 512 Hz.

Electroencephalography Analysis
Preprocessing
All EEG processing was performed using Letswave 6 (https://
www.letswave.org/) and MATLAB 2017 (the MathWorks). EEG
data was segmented in 67-s segments (2s before and 5s after each
sequence), bandpass filtered (0.1 to 100 Hz) using a fourth-order
Butterworth filter, and downsampled to 256 Hz. Next, noisy
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electrodes were linearly interpolated from the three spatially
nearest electrodes (not more than 5% of the electrodes, -i.e., three
electrodes, were interpolated). All data segments were re-
referenced to a common average reference. While in
frequency-tagging studies we typically apply blink correction
(using ICA) for any participant blinking more than 2 SD above
the mean [e.g., (68–70)], in the present study we did not perform
any blink correction as none of the participants blinked
excessively, i.e., more than two standard deviations above the
mean across all participants (0.36 times per second). Note that
frequency-tagging yields responses with a high SNR at specific
frequency bins, while blink artefacts are broadband and thus do
not generally interfere with the responses at the predefined
frequency (67). Hence, blink correction (or removal of trials
with many blinks) is not systematically performed in such
studies [e.g., (71–73)].

Frequency-Domain Analysis
Preprocessed segments were further cropped to contain an
integer number of 1.5 Hz cycles (i.e., largest common divisor
of both 6 and 7.5 Hz), beginning after fade-in and until 59.38 s
(15,203 time bins). The resulting segments were averaged per
condition (i.e., segments with the same combination of stimulus
category and presentation rate) in the time domain to preserve
the complex phase of the response and reduce EEG activity out-
of-phase with the stimulation (i.e., noise). The averaged
waveforms were transformed into the frequency domain using
a Fast Fourier transform (FFT), and the amplitude spectrum was
computed with a high spectral resolution (0.017 Hz, 1/59.38 s)
resulting in a very high signal-to-noise ratio (SNR) (39, 67).

The recorded EEG contains signal at harmonics frequencies
(i.e., integer multiples) of the frequencies at which images are
presented (6 and 7.5 Hz) (39, 67). We used two measures to
describe the response in relation to the noise level: signal-to-
noise ratio (SNR) to better visualize the data [e.g., (74)] and
baseline-corrected amplitudes to quantify the response across
harmonics (65). SNR spectra were computed for each electrode
by dividing the value at each frequency bin by the average value
of the 20 neighboring frequency bins (12 bins on each side, i.e.,
24 bins, but excluding the 2 bins directly adjacent and the 2 bins
with the most extreme values). Figure 2 displays the SNR
spectra. We computed baseline-corrected amplitudes in a
similar way by subtracting the average amplitude of the 20
surrounding bins. For group visualization of topographical
maps (Figure 3), we computed across-subjects averages of the
baseline-corrected amplitudes for each condition and
electrode separately.

Since the response is inherently distributed over multiple
harmonics and all the harmonic frequencies represent some
aspect of the periodic response, we combine the response
amplitudes across all those harmonics whose response
amplitude is significantly higher than the amplitude of the
surrounding noise bins [as recommended in (65)]. To define
the harmonics that were significantly above noise level, we
computed Z-score spectra on group-level data for each
stimulation frequency (60, 68, 74, 75). We averaged the FFT
amplitude spectra across electrodes in the relevant regions-of-
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FIGURE 3 | Left: scalp distribution of the electroencephalography (EEG) signal during fast periodic visual stimulation (baseline subtracted amplitudes in µV).
Frequency-tagged neural responses to the streams of periodically presented faces and houses are shown for each participant group, as well as the differential
response for faces minus houses. The analysis of the response to both types of stimuli focused on three regions of interests (ROIs): medial occipital (MO: Iz, Oz,
POz), left occipito-temporal (LOT: O1, PO7, P7, P9), and right occipito-temporal (ROT: O2, PO8, P8, P10). Right: averaged baseline-subtracted amplitudes for each
stimulus condition (faces or houses) for each group and for each ROI. The individual subject data is displayed in the background. Statistical analysis shows an
interaction between group, stimulus type and ROI.
FIGURE 2 | Signal-to-noise ratio (SNR) spectra averaged across all participants (across the two groups) show clear responses at the first harmonic frequencies of
interest. Data are plotted for the left and right occipito-temporal region (upper panel) and the medial occipital region (lower panel). The frequency spectrum is plotted
from 5 to 8 Hz. In green, images of houses are presented at 6 Hz, while images of faces were presented at 7.5 Hz. In blue, the frequencies were reversed. Full
circles display the neural response for faces, empty circles display the neural response for houses. In left and right occipito-temporal ROIs, the response to faces is
larger than to houses. In the medial occipital ROI, the response to houses is larger than the response to faces.
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interest (ROIs) based on topographical maps, and transformed
these values into Z-scores (i.e., the difference between the
amplitude at each frequency bin and the mean amplitude of
the corresponding 20 surrounding bins, divided by the SD of the
amplitudes in these 20 surrounding bins). For 6 Hz, Z-scores
were significant (i.e., Z > 2.32 or p < 0.01) until the 5th harmonic
(30 Hz) and for 7.5 Hz, Z-scores until the fourth harmonic (30
Hz) were significant. To include an equal number of harmonics
for both stimulation frequencies and to exclude shared
harmonics (30 Hz), we selected the first three harmonics for
both frequencies and summed the baseline-corrected amplitudes
of those for each frequency and each condition separately.
Hence, we quantified neural responses to faces and houses at 6
Hz and at 7.5 Hz by summing the baseline-subtracted responses
for 3 harmonics: 6, 12, and 18 Hz for the 6 Hz stimulation
frequency; and 7.5, 15, and 22.5 Hz for the 7.5 Hz stimulation
frequency. Therefore, we obtained an index of neural saliency per
stimulus type (i.e., houses versus faces) and per presentation rate.

Based on a priori knowledge, in accordance with previous
studies and confirmed by visual inspection of the topographical
maps of both groups (Figure 3), we identified regions of interest
(ROI) in which the signal was maximal and averaged the signal at
these nearby electrodes. The analysis of the response to both
types of stimuli focused on three ROIs: medial occipital (MO: Iz,
Oz, POz), left occipito-temporal (LOT: O1, PO7, P7, P9) and
right occipito-temporal (ROT: O2, PO8, P8, P10) (Figure 3).

Statistical Analysis
We statistically analyzed the baseline-corrected amplitudes in
each ROI and at each presentation frequency for each stimulus
type at the group-level using general linear mixed-effects models
(LMEMs) using the AFEX package v0.22-1 (76) in R v3.4.3 (R
Core Team, 2012). In particular, we examined the neural
responses (i.e., baseline-subtracted amplitudes) with stimulus
type (houses vs. faces) and ROI (MO, LOT, ROT) as within-
subject factors, and group (ASD vs. TD) as a between-subject
factor. We included a random intercept per participant in the
model. Post-hoc T-tests were performed on the fitted model
using the emmeans package (77). Tukey-corrected p-values were
used to compare means and unstandardized effect sizes are
reported [cf. (78, 79)].

In addition, we determined the significance of responses for
each individual participant and each stimulus type as follows
[e.g., (66, 69, 71)]: 1) the raw FFT amplitude spectrum was
averaged across electrodes per ROI, and 2) cut into segments
centered on the target frequency bin and harmonics (i.e., 6, 12, 18
Hz or 7.5, 15, 22.5 Hz), surrounded by 20 neighboring bins on
each side; 3) the amplitude values across the segments of FFT
spectra were summed; 4) the summed FFT spectrum was
transformed into a z-score using the 20 surrounding bins (see
above). Responses of a given participant were considered
significant if the z-score at the target frequency bin exceeded
1.64 (i.e., p < 0.05 one-tailed: signal > noise). Finally, we
computed spearman correlations between the neural measures
and the scores on the Social Responsiveness Scale (SRS). To this
end, we used the corrplot package in R (78).
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RESULTS

No Group Difference in Orthogonal Task
Performance
Both groups performed equally on the behavioral color change
detection task, suggesting a similar level of attention throughout
the experiments. Both groups showed accuracies between 97
(SD = 6%) and 97.1% (SD = 3.9%) with mean response times
between 0.47 (SD = 0.07) and 0.46 (SD = 0.04) seconds, for ASD
and TD respectively. Statistical analyses (two-sided t-tests)
showed no significant differences between the ASD group and
the TD group [accuracy: t(36) = -0.03, p = 0.49; response times t
(36)= 0.71, p = 0.24].
Electroencephalography Responses in
Autism Spectrum Disorder Participants
Are Not Modulated by Social Versus Non-
Social Stimulation
We observed robust frequency-tagged responses, in the three
regions of interest (ROI) and for the two stimulus types (see
Figure 2 for SNR spectrograms and Figure 3 for scalp
distributions and averaged response amplitudes). Analyses at
the individual level indicated that, despite the short recording
time, all participants showed significant responses to houses and
to faces in the pre-specified ROIs.

At the group level, statistical analyses showed a main effect of
stimulus type [F(1,441) = 5.02; p = 0.026] [faces (1.20 µV) larger
than houses (1.08 µV) and a main effect of ROI (F(2,441)= 58.10,
p <0.0001] [larger responses in MO (1.51 µV) than in LOT (0.94
µV) and ROT (0.97 µV)]. These effects were qualified by a
significant interaction effect between stimulus type and ROI [F
(2,441) = 19.10, p < 0.0001] and, most importantly a significant
three-way interaction between group, stimulus type, and ROI [F
(2,441) = 3.40, p = 0.034)]. Post-hoc testing revealed that over the
left occipito-temporal channels, the response for faces (1.32 µV)
was larger than for houses (0.75 µV) in the TD group [T(441) =
4.73, p = 0.0002)]. While over the ROT channels the responses
were also higher to faces (1.26 µV) than to houses (0.91 µV) in
the TD group, this effect did not reach significance [T(441) =
2.75, p = 0.207]. Over medial occipital channels, responses to
houses (1.82 µV) were significantly higher than to faces (1.44 µV)
in the TD group [T(441) = −3.54, p = 0.0226]. In contrast, in the
ASD group, the responses to faces were not significantly different
from responses to houses, in none of the ROIs [LOT: T(441) =
1.6, p = 0.91, ROT: T(441) = 1.56, p = 0.92, MO: T(441) = −1.64,
p = 0.89)]. Mean amplitude values for the ASD group in LOT
were 0.95 µV (faces) and 0.76 µV (houses); in ROT 0.95 µV
(faces) and 0.77 µV (houses); and in MO 1.30 µV (faces) and 1.49
µV (houses).

Taken together, the three-way interaction indicates that the
neural organization of the TD participants is more differentiated
and specialized in terms of anatomically localized stimulus-
specific responses, whereas the response pattern of the ASD
group is not modulated by the social versus non-social character
of the stimulation.
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In addition, we considered how the neural responses evolved
over the course of a stimulation sequence, as this could also
inform about the minimal sequence length needed to observe an
interaction effect. To do so, we cut the original data in segments
of increasing length (5 to 60 s in steps of 5 s: 5, 10, 15,…, 60 s).
For all segments, we plotted the evolution of the signal relative to
the sequence duration (Figure 4). Overall, after an initial buildup
period, mean amplitudes remain stable over the trial duration
and reflect the findings described above. More specifically, in left
and right OT channels, the group x stimulus type interaction
(indicative of a differential social bias in ASD vs. TD) is
significant from 25 s onwards [F(1,285) = 4.61, p = 0.03)] and
remains significant during the entire trial (p < .05).

No Associations Between Neural
Responses and Social Responsivity
Spearman correlations showed that individual differences in the
amplitude of the neural responses were not significantly related
to individual differences in social responsivity as reported by the
parents on the SRS questionnaire. Neither the difference between
faces and houses, nor the amplitudes of faces and houses
separately were correlated with the SRS. This was the case
within the two groups and across the groups.
DISCUSSION

Individuals with autism spectrum disorder (ASD) have difficulties
with social communication and interaction.Here,wequantified the
saliency of processing social versus non-social information by
frequency-tagging superimposed streams of widely variable
images of faces and houses while recording EEG. This approach
allows monitoring brain responses to simultaneously presented
stimuli, and, importantly, changes in response amplitude represent
dynamic neural changes related to the intensity of processing the
driving stimulus. Whereas a recent study showed reduced social
bias in ASD using a frequency-tagging EEG approach with streams
of social andnon-social stimuli presented side-by-side (37), herewe
extend and specify these findings by presenting the stimulation
streams superimposed. By doing so, we can specificallymeasure the
neural processing and saliency of each stimulus category, while
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ruling out potential confounds related to looking patterns, spatial
attention and attentional disengagement.

Within a short amount of time (i.e., four trials of 60 s), we
observed significant responses for each participant and each
stimulus type. These responses were implicit in the sense that
they did not require any active behavior of the participant, apart
from looking at the screen. Importantly, theywere determined in an
objective manner since they were locked to the stimulation
frequencies (39, 67) and did not require any subjective
interpretation on the part of the researcher. The stimulation-
tagged brain responses were located over medial occipital and
occipito-temporal regions. Results showed a significant
interaction between stimulus type, group and regions of interest
(ROI). In the TD group, faces elicited larger responses than houses
over occipito-temporal channels, while houses evoked stronger
responses than faces over medial occipital channels. Conversely,
in theASDgroup, thedifferencesbetween faces andhouseswerenot
significant in any of the ROIs. In other words, TD participants
showed a differentiated localization and tuning of the neural
responses toward social versus non-social stimuli, whereas the
response pattern of the ASD group was not modulated by the
social versus non-social character of the stimulation.

Reduced interest in social stimuli in ASD might result in less
frequent engagement with faces. Accordingly, developing neural
systems devoted to face processing may lack experience-expectant
visual input, which may be necessary for establishing the neural
architecture for expert face processing competency (2). Here, we
show that even when individuals with ASD show similar spatial
attention to the stream of faces, EEG frequency-tagging still evokes
lower face-selective neural activity in occipito-temporal areas as
compared to TD individuals. We observed that in the TD group,
faces elicited larger responses than houses over occipito-temporal
channels, while houses evoked stronger responses than faces over
medial occipital channels. This result is in line with previous
observations, indicating that lateral ventral occipito-temporal
brain regions (i.e., inferior occipital gyrus, lateral fusiform gyrus)
respond preferentially to face stimuli while medial occipito-
temporal structures (medial temporal gyrus, collateral sulcus, and
parahypocampal gyrus) display a preference for house stimuli (51,
53, 54, 80). Likewise, previous research combining frequency-
tagging MEG with functional ROIs defined from fMRI showed
FIGURE 4 | The figure shows the baseline subtracted amplitudes of the responses for segments of increasing length (5 to 60 s in steps of 5 s: 5, 10, 15,…, 60 s).
The mean amplitudes (± SEM) are displayed.
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that attention allocation selectively modulated the amplitude of the
frequency-tagged responses to superimposed stimuli: attention to
faces resulted in selectively enhanced responses in the fusiformarea,
whereas attention to houses increased the neural responses in the
parahippocampal place area (50). In addition, the medial occipital
brain topography in response to the houses may be particularly
driven by particular low-level characteristics of the houses, such as
rectangular features (81) and cardinal orientation (82, 83). Indeed,
in general, houses have more energy in higher spatial frequencies
and cardinal orientation, as was also confirmed by the amplitude
spectra of the face and house stimuli used in this study (Figure S1,
SupplementaryMaterial). Along these lines, previous ERP studies
have shown larger amplitudes in early visual ERPs over medial
occipital electrodes for images with more high spatial frequency
content (84).

In theTDgroup, significantly increased responses to faces versus
houses were found only in the left ROI. At first glance, this
observation appears inconsistent with the typical right
lateralization of the human cortical face network (57, 59, 85).
Nevertheless, other studies in children within this age range have
not found the right lateralization pattern for face preference that is
typically observed in adults [e.g., (86)]. Moreover, studies using a
frequency-tagging oddball EEG paradigm across different ages
suggest a non-linear development of the right hemispheric
specialization for human face perception (87). In 5 year old
children (87) and 8–12 year old children (70), face-selective
responses did not differ across hemispheres, while the same
paradigm in adults [e.g., (76)] and in infants (88) elicits right
lateralized electrophysiological occipito-temporal face-
selective responses.

Strikingly, in the ASD group, the neural responses for faces
and houses were not significantly different from each other in
any of the ROIs. Previous observations already indicated altered
sensitivity to face stimuli in the fusiform face area (FFA) of ASD
(89–93), although this finding has not always been replicated
(94–98). One possibility is that less frequent engagement with
faces might have resulted in altered specialization of the FFA in
ASD participants.

In a previous study (37),wepresented streams of social andnon-
social stimuli side-by-side andwe showed that frequency-tagging is
a sensitive method allowing us to observe a reduced social bias in
boyswithASD.Here, by superimposing both streams of stimuli, we
showed that even in the absence of explicit looking behavior,
frequency-tagging allows measuring the relative neural saliency of
faces andhouses. As a result, wequantified the implicit social bias in
children with and without ASD, while controlling for potential
influences of visuo-spatial attention and/or attentional
disengagement. Against this background, our findings suggest
that in children with ASD, as compared with TD children, the
face-sensitive areas are less preferentially responsive for faces
compared to houses and that the typical social bias in these areas
is reduced. Our findings generally corroborate developmental
accounts that relate social experiences to the specialized neural
wiring of the face processing network.

Unexpectedly, however, children with ASD also show less
differentiated responses to the house stimulation in the medial
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occipital region. Taken together, this suggests that, generally, the
neural wiring in children with ASD is less differentiated and
specialized, and less modulated by the social versus non-social
character of the stimulation, which may possibly point toward a
more general developmental delay in social and non-social visual
sensory processing. This finding might echo broader predictive
coding accounts of ASD, suggesting a generally atypical
attentional information processing style that is manifested
most clearly in the social domain—possibly to the high
complexity inherent to social situations (13).

We did not observe significant correlations between the SRS
and the face or house-related neural responses. The SRS
measures the severity of ASD symptoms over a variety of
domains, based on evaluations by the parents. Hence, while it
gives a clear idea of the perceived symptoms in daily life, this
measure does not purely reflect the actual behavior and
performance, and is also determined by several other parent-
related processes (e.g., whether there are other children in the
family with an ASD diagnosis) (99). Second, the variation of
amplitude of the EEG response across individuals also reflects
general factors such as skull thickness and cortical folding (see
the discussion in (100). While these factors should be neutralized
when comparing relatively large groups of participants or when
comparing different paradigms in the same participants, they add
variance to amplitude differences within a group of individuals,
reducing the significance of correlation measures [see (33, 101)]

Further studies are required to replicate this finding in a larger
and more heterogeneous and representative sample. Given the
short recording time of the frequency-tagging paradigm with
multiple simultaneous inputs and the robustness of the individual
responses, the method could be used as a fast marker of social
preference in a wide range of populations, including low-
functioning individuals with ASD, and young children and
infants (87, 88). Therefore, the approach has potential to pinpoint
developmental trajectories in longitudinal research, from infancy
onwards.Moreover, implicit objectivemeasures can help overcome
the difficulty of interpreting behavioral findings (which may be
influenced bymany factors such asmotivation, task understanding,
etc.). Since in the current study no positional counterbalancing is
needed, few trials are required in order to obtain robust data. This is
especially an advantage when testing challenging populations,
where testing time is limited.
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Studies of brain mechanisms supporting social interaction are demanding because real
interaction only occurs when persons are in contact. Instead, most brain imaging studies
scan subjects individually. Here we present a proof-of-concept demonstration of two-
person blood oxygenation dependent (BOLD) imaging of brain activity from two
individuals interacting inside the bore of a single MRI scanner. We developed a custom
16-channel (8 + 8 channels) two-helmet coil with two separate receiver-coil pairs providing
whole-brain coverage, while bringing participants into a shared physical space and
realistic face-to-face contact. Ten subject pairs were scanned with the setup. During
the experiment, subjects took turns in tapping each other’s lip versus observing and
feeling the taps timed by auditory instructions. Networks of sensorimotor brain areas were
engaged alternatingly in the subjects during executing motor actions as well as observing
and feeling them; these responses were clearly distinguishable from the auditory
responses occurring similarly in both participants. Even though the signal-to-noise ratio
of our coil system was compromised compared with standard 32-channel head coils, our
results show that the two-person fMRI scanning is feasible for studying the brain basis of
social interaction.

Keywords: functional magnetic resonance imaging, touch, somatosensory, motor, two-person neuroscience
INTRODUCTION

Humans are embedded in complex social networks where individuals interact at different temporal
scales. Most social interactions, such as verbal and nonverbal communication, occur in dyads or
groups, where people constantly strive to predict, understand, and influence each other. During the
interaction, sensory, cognitive, and emotional information is constantly remapped in the observers’
brain and used for motor actions as responses attuned to the received input (1). Thus the
interlocutors’ minds are intertwined into a shared system facilitating reciprocation (2–4) as well
as anticipation of the other person’s acts, allowing distribution of neural processing across brains to
aid, for example, problem solving.

Some aspects of human social behavior—in particular perceptual and decision-making processes
—can be studied by measuring single brains in isolation. Conventional BOLD-fMRI experiments
allow to locate brain processes related to different social functions, while intersubject correlation
(ISC) analysis based on voxelwise temporal correlation of BOLD-fMRI time series (5–7) or
g April 2020 | Volume 11 | Article 279199
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neuromagnetic activity with higher temporal resolution (8)
across subject pairs can be used to index similarity of sensory
and socioemotional information processing across subjects (9,
10). Recently this approach has also been extended to
quantifying but also similarity of person preferences and social
relationships (11). Although such data-driven analyses can be
used to map brain basis of social perception with high-
dimensional stimulus spaces, they are still essentially based on
measurement of extrinsic, fixed stimuli and lack the very
definition of social interaction, as the subjects have no
influence whatsoever on other peoples’ minds during the
experiment. This is a critical limitation as social interaction
cannot be reduced to sequential, partially parallel processing of
the input of the interacting brains, because social interaction only
emerges when the two brains (via their owners) are hooked up
together (4, 8, 12). Simply put, real-time social interaction does
not exist when two or more individuals are not engaged in the
same physical or virtual space (13).

Reciprocal social cognitive processes cannot thus be
understood completely without studying the complete
interaction unit consisting of two individuals (14). Behavioral
work suggests that social interaction tunes the individuals into a
self-organizing, interactive state. For example, humans
automatically mimic other’s emotional expressions (15), gaze
direction (16), and postures (17). Social signals, such as laughter,
also automatically attune individual not just at the level of motor
responses, but also in terms of activation of specific
neurotransmitter systems (18). Moreover, many social
processes, such as gaze following (19, 20) and turn taking
during conversation (21), take place with gaps less than 250
ms, and social interaction may lead to episodes of two-person
flow without neither of them consciously leading or following
(22). Yet, most of what we know about human social brain
functions comes from “spectator” studies where the brains are
assumed to generate responses to pre-defined stimulation (8).
Even though this approach has been successful in delineating the
brain basis of social perception, and on some occasions of social
communication, it tells relatively little about the actual
mechanisms of dynamic social interaction. Consequently,
several researchers have suggested that the spectator paradigm
and offline social cognition studies should be complemented with
real-time two-person paradigms, where two interacting
individuals constantly generate “stimuli” for each other (1, 2, 4,
23, 24).

Some aspects of human communication can be investigated
using alternated scanning of the subjects sending and receiving
information. In such an approach, the senders convey some
social information via, for example, speech or gestures, while
their brain activity as well as the communicative information are
recorded. The communicative information can then be presented
to the receiver subjects as stimuli during brain imaging, allowing
joint analysis of the brain activity of the sender and receiver
subjects. This line of work has revealed how successful
communication via speech (25, 26), hand gestures (3, 27), and
facial expressions (28) enhances similarity of neural activation
patterns across the interlocutors in a task-specific manner. This
Frontiers in Psychiatry | www.frontiersin.org 2100
approach however lacks any interactivity, as the receiver subjects
are essentially viewing pre-recorded stimuli, and need not to
generate any responses to them. Recently different neuroimaging
techniques have been proposed for studying dynamic “live”
interaction. In the hyperscanning approach, two individuals
are scanned with two MRI (29–31) or MEG (32) devices
connected with an audio-video link, thus enabling interaction
of two subjects in independent devices. Furthermore, with EEG
recordings real face-to-face to interaction can be achieved in
reasonably unconstrained social interaction tasks (33).

Such natural sense of presence of another individual might be
critical for understanding the brain basis of social interaction.
For example, resting-state brain activity in nonhuman primates
is different when conspecifics are present versus absent (34). In
humans, interaction with real rather than recorded persons
elicits stronger hemodynamic responses (35), and even early
electrophysiological responses such as the face-sensitive N170
responses are amplified for real human faces versus those of a
human-like dummy (36). These findings highlight the
importance of co-presence with other people, and the
consequent changes in the way the brain processes both
internal and external cues. Consequently, to understand the
intricacies of the brain basis of human social interaction and
communication, we need techniques that allow simultaneous
recording of two individuals in the same physical space. This has
already been technically achieved with simultaneous EEG (e.g.
37) and NIRS (e.g. 38, 39) recordings, as these devices can be
easily attached to subjects measured in a conventional face-to-
face settings. Nevertheless, neither of these techniques allows
volumetric measurements of the deep brain structures, many of
which are critical for human social processes (40–42).

The Current Study
One potentially powerful approach for studying brain basis of
social interaction involves simultaneous blood oxygenation
dependent (BOLD) imaging of two persons within one
magnetic resonance imaging scanner. Such an approach would
bring both subjects into the same physical space whilst allowing
tomographic imaging of hemodynamic brain activation.
Currently, one such solution has been published, based on
decoupled circular-polarized volume coil for two heads (43,
44). We have, in turn, developed a custom-built 16-channel
(8 + 8 channels) two-helmet coil with two separate receiving
elements (45), allowing experimental setups where the subjects
were facing each other so that their feet pointed to opposite
directions in the magnet bore. In the present proof-of-concept
study we demonstrate how hemodynamic signals can be
recorded during real-time social interaction using this a novel
MRI setup so that the subject can lie parallel to each other while
sharing the same physical space in a realistic face-to-face contact.
The setup thereby allows seamless interaction between the
members of the dyad, while providing whole-brain coverage.

Because this was the very first proof-of-concept human
experiment done with our dual-coil design, we wanted to
benchmark the feasibility of the setup with a robust and simple
social interaction task, rather than setting up an overly complex
April 2020 | Volume 11 | Article 279
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design without knowing the potential limitations of the coil
setup. Consequently, we used social touching as the model task,
as touching is an intimate way of conveying affect and trust in
social relationships (46–48). During the fMRI experiments,
subjects took turns in tapping each other’s lip versus observing
and feeling the taps. We show that overlapping networks of
sensorimotor brain areas are engaged during executing motor
actions as well as observing and feeling social touching,
suggesting that the two-person fMRI recordings are feasible for
studying the brain basis of social interaction.
MATERIALS AND METHODS

Subjects
We scanned 10 pairs of volunteers with a mean age of 23 ± 3
years (20 subjects; 7 female–male pairs and 3 female–female
pairs). One further pair was scanned but excluded due to
excessive head motions: one of the subjects moved so that the
detector array’s sensitivity was compromised, and repositioning
was not possible due to time constraints. All subjects were right-
handed per self-report, and none of them reported any history of
neurological illness. All pairs were friends or romantic partners.
The study was approved by the Aalto University Institutional
Review Board. All subjects gave written informed consent and
were screened for MRI exclusion criteria prior to scanning.

MRI Acquisition
Data were acquired with 3-T whole body MRI system
(MAGNETOM Skyra 3.0 T, Siemens Healthcare, Erlangen,
Frontiers in Psychiatry | www.frontiersin.org 3101
Germany) with both a vendor-provided 32-channel receive
head coil (reference scans) and a custom-built 16-channel (8 +
8 channels) two-head, two-helmet receive coil (anatomical
images, task-based fMRI, and resting state scan). With both
receive coils, the integrated body coil was used for transmit.
Figure 1 shows an overview of the coil and subject setup. We
originally experimented with a setup where subjects were lying
either sideways or in a supine position, while entering the gantry
from the opposite ends so that a second custom MRI bed was
used for the backwards entry. This setup was however discarded
due to subject discomfort and concomitant motion-
related artifacts.

Every scanning session consisted of two parts. First both subjects
were scanned one-by-one using normal one-person setup (head-
first supine, 32-channel coil). T1-weighted MP-RAGE images were
acquired for anatomical reference, and gradient echo (GRE) echo-
planar imaging (EPI) data were acquired for evaluating the temporal
signal-to-noise ratio (tSNR), especially in comparison with the two-
person data. Imaging parameters for the MP-RAGE scans were as
follows: repetition time (TR) = 2.53 s, echo time (TE) = 28 ms,
readout flip angle (a) = 7°, 256 × 256 × 176 imaging matrix,
isotropic 1-mm3 resolution, and GRAPPA reduction factor (R) = 2.
The parameters for the GRE-EPI were: TR = 3 s, TE = 28 ms, a =
80°, fat saturation was used, in-plane imaging matrix (frequency
encoding × phase encoding) = 70 × 70, field-of-view (FOV) = 21 ×
21 cm2, in-plane resolution 3 × 3 mm2, R = 2, effective echo spacing
(esp) = 0.26 ms, bandwidth = 2380 Hz/pixel (total bandwidth = 167
kHz), phase encoding in anterior–posterior direction, slice thickness
= 3 mm with 10% slice gap, interleaved slice-acquisition order.
Altogether 126 volumes, with 49 oblique axial slices in each, were
A B

C D

FIGURE 1 | Coil and subject setup. (A, B) Illustration of the dual coil and its arrangement in the scanner. (C, D) Subject setup inside the scanner.
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acquired during the 6 min 18 s data-collection period. Three
“dummy” scans were acquired at the beginning of each
acquisition to stabilize the longitudinal magnetization.

Next the subjects were positioned in the scanner together with
the two-head coil; the subjects were lying on their sides, facing
each other at a close distance. Localizer and GRE-EPI data were
acquired after shimming the magnet, using the semi-automated
workflow by iteratively acquiring B0 field maps and calculating
the shims for as long as the shim was deemed unacceptable. In
this phase, the subjects could be repositioned if the their field
maps appeared excessively dissimilar. The scan parameters were
the same as in the one-person setup, with the following
exceptions: in-plane matrix = 160 × 70, FOV = 48.6 × 20.1
cm2, and bandwidth = 2404 Hz/pixel (total bandwidth = 385
kHz). Moreover, the phase encoding was in subjects’ left–right
direction to avoid aliasing ghosts from one subject’s brain into
the other, and to reduce distortion and scan time by limiting the
number of phase encoding steps (to 35 per slice). The 49 slices
were oriented axially and tilted only to maximize the symmetry
of the acquisition of the two brains. During the two-person
measurements, the bodies of the subjects were in contact
(without direct skin contact) and pillows and foam mattresses
were used to make the subjects as comfortable as possible. The
subjects’ heads were stabilized using small pillows with non-
slippery surface and additional support was provided using a
large vacuum pillow that once deflated retained its shape
throughout the session.

Touching Task
Figure 2 summarizes the touching task. The subjects took turns
in repeatedly tapping (“actor” subject) the lower lip of their
partner (“receiver” subject) with the tip of the index finger, so
that both partners could also clearly see the finger movement.
This site was chosen so that that the finger movements would be
clearly visible to both subjects. Self-paced (∼2 Hz) tapping was
performed throughout the 30-s task blocks. Subjects were
stressed to minimize finger movements, because motion near
the imaging volume perturbs the magnetic field and can interfere
with the spatial encoding and introduce head motion. During the
rest blocks the subjects were instructed to hold their finger close
by but not touching the lower lip of their partner. Each task run
contained six rest–task block cycles with an additional rest block
at the end of the run. Except for the initial rest condition,
transitions between blocks were cued by pre-recorded voice
Frontiers in Psychiatry | www.frontiersin.org 4102
command “Touch” and “Rest.” These were delivered to the
participants by connecting the stimulus computer’s audio
output to the magnet console to use the intercom system of
the MRI scanner. Presentation software (Neurobehavioral
Systems, Berkeley, CA, USA) controlled stimulus presentation.
After the first task run we confirmed that the subjects could hear
the voice commands. For any given run, only one of the subjects
performed the active touching task while the other focused on
feeling the taps. The roles were switched between runs. Both
subjects were always scanned twice in both roles so that
altogether four task runs with 126 EPI volumes in each
were acquired.

Resting-State Scans
Resting state scans were obtained for inspecting signal quality.
During the single-subject GRE-EPI data acquisition, the subjects
were instructed to keep their eyes open and still. Eye-blinking
was allowed. The two-person resting-state scans were always
acquired prior to the task scans, asking the subjects to lie still
with eyes open without actively looking at each other.

Image Preprocessing—One-Person Scans
The fMRI data were preprocessed in Matlab utilizing custom
code and FSL functions (49). The one-person fMRI data were
motion-corrected using FSL MCFLIRT (50). Next, slice-timing
correction was applied and the frame-wise motion within each
fMRI run was corrected using FSL function MCFLIRT after
brain extraction using BET (51) and smoothed with structure-
preserving smoothing with SUSAN (52) that employed a 6-mm
(full-width-at-half-maximum, FWHM) Gaussian smoothing
kernel. The data were rigidly (six free parameters) aligned to
the anatomical MP-RAGE scans, with narrow search space for
the alignment because the receiver intensity was spatially atypical
and prohibited the use of the standard options for several
datasets. The anatomical images were normalized to the MNI
space, and the resulting warps were then applied to the EPI
images. Data were finally smoothed using a Gaussian kernel with
8 mm FWHM.

Image Preprocessing—Two-Person Scans
Individual heads were first separated and rotated to standard
head-first supine orientation using a fixed coordinate
transformation without resampling. Next both subjects’ data
were preprocessed independently as described above.
FIGURE 2 | Experimental design. Subjects took 30-s turns in tapping the top of each other’s lip with their index finger, resulting in alternating tapping-feeling boxcar
design with complete antiphase across the subjects. Turns were indicated with commands relayed via headphones.
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Preprocessing was concluded by recombining the data of each
pair so that one subject’s data were in MNI space, and the other
subject’s data were placed nose-to-nose with that to mimic the
actual positioning during the scanning.

Signal-to-Noise Ratios
Coil performance was assessed with temporal signal-to-noise
ratio (tSNR) of resting-state fMRI scans comprising of 126 time
points. The FSL BET program was used to extract the brain
voxels from the images, after which the data were motion-
corrected using FSL MCFLIRT. Next, voxelwise tSNR values
were calculated as the ratio of the mean signal over the
measurement, divided by the standard deviation (std) at each
voxel. For comparison, similar analysis was carried out for the
one-person resting-state data.

Task-Evoked BOLD Responses
Task-evoked BOLD responses were analyzed in FSL using the
General Linear Model (GLM). The main blocks were modeled at
the stimulus periodicity, and the voice instructions were modeled
as 3-s events at the beginning and end of each block (see Figure
2). A canonical double-gamma hemodynamic response function
(HRF) was convolved with the timeseries of tactile stimulus
blocks and voice events. Also, the motion parameter estimates of
both of the simultaneously scanned heads were included as
nuisance regressors for both heads individually; in other words,
both subjects’models had their own as well as the other subjects’
motion parameters as nuisance covariates. The other head’s
motion estimates were included to gain resilience against
motion-related field or signal fluctuations extending from one
head to the location of the other. The analyses included the entire
two-head volumes, allowing quantification and visualization of
Frontiers in Psychiatry | www.frontiersin.org 5103
subject-specific and shared activation patterns across the dyad.
In a complementary methodological approach, we used
independent-component analysis with the GIFT toolbox
(http://icatb.sourceforge.net/) on the joint dual-head EPI data,
and we assessed the temporal profile of the top extracted
components against the experimental stimulus model.
RESULTS

Dual-Coil Performance
Figures 3A, B show a representative dyad’s normalized data for
T1 and EPI sequences. tSNR was compared between resting-state
scans of the two subjects imaged simultaneously with the two-
person coil and the same subjects imaged alone with standard 32-
channel head coil. Figure 3C shows the mean tSNR in a sagittal
plane of a representative dyad and in a roughly corresponding
plane of one of the subjects of this dyad measured individually.
The scales of the color bars are different by a factor of 1.5,
corresponding to the theoretical scaling factor of SNR resulting
from the differences in acquisition bandwidth (inversely
proportional to the square-root of the bandwidth). As expected,
the tSNRs of the two-person measurements were almost 50%
lower than those of the single-subject measurements, with most
salient drop of signal in the frontal cortices.

Regional Effects in the GLM
The voice cues modeled as 3-s events elicited reliable bilateral
auditory-cortex activations similarly in both subjects regardless
of their role as the actor or the receiver (Figure 4A). In turn, the
touching task resulted in differential activation patterns in the
A B

C

FIGURE 3 | Representative single-dyad T1 (A) and T*2 (B) -weighted images acquired with the dual coil. (C) tSNR for the dual coil and (D) conventional Siemens 32-channel
head coil. Note that in due to preprocessing, the data from the dual coil pairs in panel (C) are further away from each other than they actually are (c.f. panel B).
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somatosensory and motor cortices depending on whether the
subject was tapping or receiving taps (Figure 4B and Figure S1).

We next evaluated the consistency of the auditory and
somatosensory activations across individual subjects. To that
end, we binarized the first-level activation maps for the verbal
instructions and tactile tasks, and generated cumulative
activation maps where voxels indicated in how many subjects
task-dependent activations were detected at the a priori
threshold (Figure 5). This analysis confirmed that the evoked
auditory responses could be detected practically in all the
subjects, while the magnitude and detectability of the
somatosensory responses was significantly more variable.

Independent-Component Analysis (ICA)
ICA (Figure 6) applied on the combined data of the two subjects
revealed two clear components during the task: IC1 centrally
involving the sensorimotor network, and the IC2 involving the
auditory cortices and lateral frontal cortices. Both these
components were shared with the subjects, implying that
similar auditory and somatomotor activity patterns were
present in both subjects, irrespectively of whether they were
currently executing versus feeling the touches.
DISCUSSION

Our results show that hemodynamic activity can be reliably
measured from two interacting subjects’ brains within one
scanner using a dual-helmet setup with two separate coil
arrays, and that this technique can be used for studying
elementary social cognitive functions, such as interpersonal
communication via touching. Although the SNR of the dual-
helmet coil was compromised (see Figure 3) compared with a
conventional 32-channel head coil (53), the task-dependent BOLD
responses were task- and region-specific: auditory cues activated
the auditory cortex similarly in both subjects (as they both heard
Frontiers in Psychiatry | www.frontiersin.org 6104
the same cues), while the somatosensory and motor activations
varied depending on which subject was actively tapping the other.
The cues however appeared to alert the acting subject more than
the reacting subject, as reflected by activation of the parieto-
occipital cortex (precuneus). ICA also revealed activation of
sensorimotor and auditory networks in both subjects. Altogether
our results highlight how sensorimotor networks “resonate” across
individuals during tactile interaction and confirm that fMRI with
our novel dual-coil design is a potentially useful tool for studying
brain basis of social interaction.

Performance of the Dual Coil
GLM revealed that specific task-dependent fluctuations in
hemodynamic activity can be picked up with the setup. Despite
relatively modest sample size, the contrasts of interest (tactile,
motor, and auditory activations) were significant at the a priori
FDR-corrected statistical threshold. However, SNR of the dual
coil was clearly inferior to a conventional 32-channel head coil.
An important source of discrepancy in the tSNR between the
two- and the single-subject setups is the smaller number of coil
elements in each of the helmets in the two-person coil in
comparison to the one-person coil (8 vs. 32). The overall
quality and geometry of the coil also matters: while the two-
person coil is a working prototype, the 32-channel coil is the
state-of-the-art product of the magnet vendor. The homogeneity
of the main magnetic field (B0) is another important factor. The
second-order shim coils cannot achieve the same degree of
homogeneity for the two heads than for a single round object,
and the B0 at the edges of the imaging volume is, to begin with,
less homogeneous than in the center of the magnet. For these
reasons, the water peak is wider in the two-person case.

Also, as the two heads are typically of somewhat different size,
the flip angles differ between the heads. Moreover, as the heads
after shimming remain in different magnetic fields (and often
result in a two-peaked water spectrum; the phase maps of the
individual brains are relatively even, but have different offsets),
the magnetization transfer due to fat saturation tends to reduce
A

B

FIGURE 4 | Main effects of auditory cue (A) and the touching task (B) for the actor and receiver subjects. The data are thresholded at p < 0.05, FDR corrected.
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the signal of one head more than of the other, with fat saturation
performance varying correspondingly. The homogeneity of the
tSNR in the brain is also compromised due to the absence of coil
elements in the anterior parts of the brains (see Figures 1 and 3).
This drop is similar to what occurs when the anterior part of the
32-channel coil is removed and only the posterior elements are
Frontiers in Psychiatry | www.frontiersin.org 7105
used for imaging. A final reason that influences the tSNR is the
subject comfort and stability, which in the two-person setup are
worse than in the normal setup, further compromised because
the subjects need to be scanned in close proximity and in a
sideways position. We tried to alleviate this problem by keeping
the experimental runs short and by padding the subjects well, as
A B

FIGURE 6 | (A) Two representative independent components (ICs) and (B) their time courses extracted from the data.
FIGURE 5 | Cumulative map of the binarized (active / inactive) single-pair level activation maps for the auditory cues and touching task. Color bar indicates the number of
subjects where significant activations were observed in the first-level analyses. Note that this analysis does not differentiate which subject was active in the tapping task.
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well as using both subjects’ motion parameters as nuisance
regressors in the analysis. It is however obvious that future
studies need to implement more effective prospective means
for motion control, such as neck or head restraints.

Simultaneous Measurement of Interacting
Individuals
In contrast to conventional single-person MR imaging, the
present two-person functional imaging approach provides
novel means for understanding the neural basis of human
social interaction. During social interaction, the interaction
partners’ brains need to continuously anticipate as well as
respond and adjust to incoming signals. A critical question is
whether these sensorimotor loops function only recursively, as a
cascade of third-person action-response processes? For example,
a dialogue between two persons becomes fully incomprehensible
if one persons’ speech fragments are removed from the
recording. Brains are coupled with each other via behavior,
and they influence each other via extracranial loops: Motor
actions conveyed by one individual are interpreted by means
of the sensory systems of another, and converted to sensorimotor
format for promoting action understanding (1). The present 2-
person fMRI setup provides means for studying how these loops
are established during real-time interaction, as the evolving
temporal cascade of sender-receiver operations in the social
interaction can be measured continuously.

Intuitively two-person neuroimaging sounds like an
outstanding means for analyzing social interaction, because it
allows quantifying the dynamic interaction between two brains
similarly as such interaction occurs in real life. Yet after initial
demonstrations of the feasibility of the two-person
hyperscanning fMRI technique (30), it is surprising how little
work has been conducted in this domain given the prominence
of other individuals to practically all aspects of our lives (54). For
example, by the time of writing this article, searching Web of
Science for “fMRI and hyperscanning” yields only 52 hits (of
which 15 are original articles actually using fMRI
hyperscanning), whereas searching for “fMRI” yields no less
than 70,460 hits. One likely reason for the paucity of fMRI
hyperscanning studies is that such experiments are inherently
difficult to carry out and analyze. The two-person approach adds
significantly to the complexity of the data—not just due to the
doubled number of analyzed voxels, but due to the interactive
and temporally evolving nonlinear nature of real social
interaction. It is thus possible that this line of work has not
increased our knowledge on social interaction as much as the
extra complexity would warrant. But it is also possible that we
have not yet asked the best questions with the two-person
neuroimaging setups, and maybe we need to adopt a new
theoretical framework for measuring and analyzing brain
signals emerging from social interaction, rather than just
scanning two brains at the same time using traditional
approach with pre-determined stimulus models. During social
interaction, the interlocutors constantly generate “stimuli” for
each other in an adaptive fashion, meaning that one potentially
powerful approach involves careful recording and annotation of
Frontiers in Psychiatry | www.frontiersin.org 8106
the behavioral dimensions of the social interaction as it occurs
during the experiment, and using that data for post-experiment
generation of the subject-specific stimulus models. This
approach obviously leads to a high-dimensional stimulus space
that again can be capitalized in the analysis: we do not necessarily
know which features of social interaction form the most
important dimensions when generating a classic stimulation
model (55). On the contrary, when the stimulus model is
generated based on the subject behavior during the
experiment, the critical dimensions do not need to be known
in advance but the research may aim at constructing them based
on the data.

Practicality of the Two-Person
Imaging Setup
We had to position our subjects into close proximity with each
other due to the limited size of the transmitting body coil but also
to provide a shared interpersonal space, allowing, for example,
joint manipulation of objects. However, this intimate setting
likely led to breaching the subjects’ peripersonal spaces,
potentially influencing social processes because close social
proximity may feel uncomfortable (56, 57). Accordingly, this
setup is best suited for scanning subjects who know each other
well enough, and the intimacy may also yield biases in subject
selection. For the same reasons, this type of dual-coil imaging
might be impossible for patient populations with disorders
involving social interaction. An optimized version of the coil
design could involve a setup comparable to two conventional
head coils with subjects' vertices aligned against each other, so
that both subjects can be scanned in supine position while they
enter the scanner from opposite ends of the bore. Although
subjects cannot directly see each other, eye contact can be
arranged using a mirror system. Our setup only had external
auditory stimulus delivery system for the subjects. In theory, it
would also be possible to project visual stimuli to the subjects,
but due to the close proximity of the subjects’ faces this is deemed
impractical. Our proof-of-concept study also revealed that the
dual-coil setup is significantly less comfortable than conventional
32-channel head coil. Subject setup and shimming are slow, and
the scanning position is difficult to maintain over prolonged
periods of time. Interlocking of the head coils and close
proximity of subjects also increased susceptibility to motion.
Accordingly, we tried to maximize subject comfort by limiting
the scanning time into short blocks; in our experience the current
scanning time (four 6-min sessions plus anatomical images and
preparations) was close to the maximum that subjects can
comfortably do.

Limitations and Future Directions
In this study we resorted to conventional moderately accelerated
fMRI acquisitions. However, recent advances in multi-band
excitation, to improve temporal resolution, and parallel
transmit, to even out the flip angles in the two potentially very
different sized heads, could greatly benefit the two-person MRI
setup. The SNR for the dual coil was significantly worse than that
of the conventional 32-channel head coil, particularly in the
April 2020 | Volume 11 | Article 279

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


Renvall et al. Concurrent Two-Person fMRI
frontal cortex due to multiple factors pertaining to coil geometry
and the low number of channels. This lacking signal in frontal
cortex is a limiting factor when it comes to investigating social
interaction, for which the frontal cortex acts as a central hub
region (58). However, many social processes emerge in regions
where the coil system has adequate signal [such as posterior
temporal and parietal cortices (16, 40, 59)], thus care must be
taken when deciding what sort of social tasks can be studied with
the present setup. Additionally, future benchmarking with
variable tasks and experimental setups should be conducted to
evaluate what types of tasks are ultimately feasible for this type of
dual-coil imaging setup. Future developments of the coil setup
should strive to maximize coil coverage of the scalp more evenly,
and with higher-density coil arrangements. Such new devices
would also allow more efficient control of subject motion: the
limited contact of the current coil design with the scalp,
combined with the sideways scanning position makes the setup
sensitive to head motion.
CONCLUSIONS

We conclude that two-person fMRI is a feasible and potentially
powerful tool for studying brain dynamics of real-time social
interaction. Even though the signal quality was compromised
compared with state-of-the art head coils, our results show that
our dual-head coil yields sufficient SNR for quantifying the
dynamics of the real-time two-person interaction. This proof-
of-concept study revealed that it is possible to measure good-
quality hemodynamic signals simultaneously from two brains
with one scanner. The two-person fMRI approach presented in
this study complements the existing fMRI and MEG
hyperscanning and face-to-face EEG and fNIRS techniques by
allowing tomographic imaging of brain activations of two
interacting subjects in face-to-face settings. Even though both
subjects generated tactile stimuli to each other in the experiment,
the task was still externally controlled. Our data however suggest
that in the future this methodology can be used for quantifying
brain activation in dyadic, unconstrained, and naturalistic
social interaction.
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Psychotic disorders are characterized by profound social impairment. An accumulation of
research has explored the contribution of symptoms, cognitive functioning, and behavioral
skills deficits to this social dysfunction. Recent research indicates that sleep disturbance
has significant social implications in nonclinical populations—this research suggests that
sleep problems may also be relevant to understanding social impairment in psychosis.
This study adopted a symptom-oriented dimensional approach to examine how sleep
disturbance and sleep-related impairment are related to multiple social domains within a
transdiagnostic sample (N = 90). This sample included individuals with a variety of
psychotic disorders (n = 75) along with healthy non-clinical participants (n = 15) to
ensure sampling across the full range of sleep problems and social functioning. Social
domains spanned self-reported perceptions of social relationships, social functioning in
the community, and behavioral assessments of social competence. We hypothesized that
greater sleep disturbance and sleep-related impairment would be associated with more
negative or problematic perceptions of social relationships (i.e., less social support, less
companionship, and greater distress), poorer social functioning in the community, smaller
social networks, and poorer behavioral ratings of social competency. Results supported
these hypotheses indicating that sleep disturbance and sleep-related impairment have
widespread deleterious impacts on perceptions of social relationships, social functioning,
and competence. Sleep disturbance retained associations with perceptions of social
relationships, social functioning, and social competence even after controlling for total
symptoms or cognitive functioning. These findings indicate that sleep problems may have
important implications for fully understanding the causes of social impairment
in psychosis.

Keywords: psychotic disorders, sleep disturbance, social functioning, social relationships, transdiagnostic,
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INTRODUCTION

Psychotic disorders, such as schizophrenia and bipolar disorder
with psychosis, lead to profound and enduring social impairment
(1–3). This impairment includes greater social isolation, lower
rates of marriage, fewer friends, and strained family relationships
(4, 5). When individuals with psychotic disorders do interact
socially, they often have difficulty with the basic skills necessary
to have a successful social interaction (6–8). This social
impairment persists following stabilization of psychotic
symptomatology with medication (9, 10). In a recent 20-year
outcome study of individuals initially admitted with a first
episode of psychosis, results indicated stable impairment in
social functioning across psychotic diagnoses (11).

Social impairment in psychosis is determined by multiple
factors. Findings in schizophrenia indicate that social
impairment is a consequence of the combined effects of
negative symptoms (12), cognitive impairment [e.g., (13, 14)],
social cognitive impairment (15), and poor functional capacity or
social skill (6–8). These factors have been shown to interact to
result in social impairment in schizophrenia (16). A similar
pattern of results has been obtained in bipolar disorder with
negative symptoms, cognitive impairment, and poor functional
capacity associated with poor community functioning (17).

Recent research suggests the novel idea that sleep may be an
important consideration in understanding social impairment in
psychosis. Sleep disturbances, such as insomnia, have been found to
be related to a variety of mental disorders (18, 19). As a result, sleep
disturbance has increasingly been viewed as a transdiagnostic factor
contributing to psychiatric symptomatology and functional
impairment (20, 21). Research indicates that sleep may be
especially important in psychosis given that sleep disturbances
and sleep disorders occur frequently in psychotic disorders [e.g.,
(22–24)] and are evident early in the course of psychosis (25, 26).
Importantly, as reviewed below, sleep problems are tied to a variety
of social difficulties.

Gordon et al. (27) have proposed a model outlining the
bidirectional effects of sleep and social processes [also see
review by Troxel (28) for a similar bidirectional perspective].
In this model, sleep has widespread impacts on social processes
from social cognition to interpersonal behavior. Further, one’s
social environment and experiences can have both positive and
negative implications for various sleep parameters (27). Evidence
supporting these bidirectional models comes from a variety of
sources. Poor sleep quality, including even mild insomnia, has
adverse impacts on overall quality of life including reports of
poorer social functioning (29, 30). Marital relationship quality
has been found to be related to sleep disturbances [see (28)] and
perceived better relationship quality with relatives and friends
has been found to be associated with better sleep quality (31).
Supportive social relationships have been shown to be related to
better sleep quality while aversive or strained social ties are
related to poorer sleep quality (32–34). Finally, loneliness has
been shown to be associated with poorer sleep efficiency (35) and
sleep-related daytime dysfunction (36).
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Beyond cross-sectional findings showing an association
between social relationships and sleep, other methods have
been used to directly test the causal role that sleep may have in
social outcomes. In a 3-year longitudinal study, Tavernier and
Willoughby (37) found bidirectional effects of sleep problems
and poorer social ties with a mediating role of affect regulation.
Using daily sleep diaries, Gordon and Chen (38) demonstrated
that relatively poorer sleep leads to greater interpersonal conflict
the following day (even after controlling for prior conflict).
Providing social rejection feedback has been shown to lead to
poorer subsequent sleep (27). Within couples’ interactions,
poorer prior night sleep has been found to be related to a
lower ratio of positive to negative affect, lower empathic
accuracy, and less conflict resolution (38). Simon and Walker
(39) have shown that experimental sleep deprivation can lead to
social withdrawal and feelings of loneliness. Importantly, it was
also demonstrated that when sleep deprived, individuals behave
in ways that lead observers to perceive the individual as lonely
and observers reported that they would be less willing to interact
socially or collaboratively with the sleep deprived individual (39).
Simon and Walker (39) concluded that sleep loss leads to a self-
reinforcing cycle of social separation and withdrawal. Finally,
sleep intervention for insomnia has been shown to improve self-
reported social functioning [e.g., (40)], and treatments for
obstructive sleep apnea have been shown to improve social
functioning (41) and marital satisfaction (42).

Less is understood regarding the social implication of sleep in
psychosis. In schizophrenia, poor sleep quality has been found to
be associated with lower self-reported quality of life (43, 44)
including less enjoyment and satisfaction with social
relationships (45). Relationships between sleep quality and
quality of life (including satisfaction with social relationships)
have been shown to persist even after controlling for depression
or medication side effects (45). Beyond ratings of satisfaction,
lower sleep quality has been found to be related to poorer
personal and social functioning in individuals with
schizophrenia (46). Liu et al. (47) examined self-reported
symptoms of obstructive sleep apnea (OSA; snoring, pauses in
breathing during sleep, and disrupted sleep) within individuals
with psychotic disorders and found that reports of pauses in
breathing were associated with poorer overall health-related
quality of life, including lower independent living and lower
well-being (but not social relations). Findings from Liu et al. (47)
are somewhat limited in that only single items were used to
assess OSA-related symptoms and these symptoms were
dichotomously scored as present or absent. In addition to
research conducted on individuals with psychosis, other
research indicates that sleep problems are related to poor role
and social functioning in those at clinical high-risk for
psychosis (48).

Consistent with the research in non-clinical populations, the
existing literature suggests potential links between sleep
disturbance and social impairment in psychosis. However, this
sleep research in psychosis is limited in that few studies have
examined objective indicators of social functioning [e.g., (46)]
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and most studies have examined social functioning at a very
broad level focusing on quality of life or satisfaction with social
functioning. Further, we are not aware of any study that has
examined the impact of sleep on self-reports of social support
(33, 34) or other perceptions of social relationships [e.g.,
loneliness (35)] that have been found to be associated with
sleep quality. Finally, no study has examined how sleep is
related to actual social behavior in psychotic disorders using
assessments of social skill or competence—an important
consideration given the clinical importance of skills deficits in
determining functional impairment in psychosis (7, 8, 16, 17).

Guided by the NIMH research domain criteria (RDoC)
framework (49–51), we adopted a symptom-oriented
dimensional approach to examine how sleep disturbance and
sleep-related impairment are related to multiple social domains
within a transdiagnostic sample of individuals (N = 90). This
sample included individuals with a variety of psychotic disorders
(n = 75) along with healthy non-clinical participants (n = 15) to
ensure sampling across the full range of sleep problems and
social functioning. Social domains spanned self-reported
perceptions of social relationships, functioning in the
community, and behavioral assessments of social competence.
We hypothesized that greater sleep disturbance and sleep-related
impairment would be associated with more negative or
problematic perceptions of social relationships (i.e., less social
support, less companionship, and greater distress), poorer social
functioning in the community, smaller social networks, and
poorer behavioral ratings of social competency.
MATERIALS AND METHODS

Participants
Participants were enrolled in a larger ongoing grant-funded project
examining social affiliative deficits from an RDoC perspective
(National Institutes of Health grant R01MH110462). The mixed
sample (N = 90) included clinical (n = 75) and non-clinical
community (n = 15) participants. Participants diagnosed with a
psychotic disorder (e.g., schizophrenia/schizoaffective disorder,
delusional disorder, major depression with psychosis) were
recruited from outpatient mental health clinics in the Baltimore
and Washington, D.C. metro areas. Demographic and diagnostic
characteristics of the study sample are summarized in Table 1.
Diagnoses were determined with the Structured Clinical Interview
for DSM-5 (SCID-5) (52). The majority of clinical participants were
prescribed various forms of antipsychotic medication, including
atypical antipsychotics (n = 46, 61%), typical antipsychotics (n = 10;
13%), or a combination of atypical and typical antipsychotics (n =
10; 13%). Other prescribed medications for clinical participants
included antidepressants (n = 42, 61%), antianxiety (n = 32, 52%),
mood stabilizers (n = 30, 40%), and antiparkinsonian medications
(n = 21, 28%). We have previously reported on symptom correlates
of sleep problems in this sample (53).

Inclusion criteria for clinical participants included (1) aged
18–60, (2) lifetime history of a psychotic disorder, (3) clinical
stability (i.e., no inpatient hospitalizations for 3 months before
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enrollment, no changes in psychoactive medication in the 4
weeks before enrollment) as indicated by approval of clinician
and medical record review, and (4) fluent in English. Community
participants were recruited via online advertisements, and
inclusion criteria included (1) aged 18–60, (2) no current
clinical disorder or psychiatric medications, (3) no lifetime
history of a psychotic or mood disorder, (4) no avoidant,
paranoid, schizotypal, or schizoid personality disorder, and (5)
fluent in English. Exclusion criteria for all participants included
(1) current substance use disorder, (2) neurological conditions
(e.g., epilepsy, multiple sclerosis), (3) evidence of intellectual
disability as determined by medical history or cognitive testing,
(4) any history of serious head injury, (5) any MRI
contraindications (e.g., MRI unsafe metal in body, weight that
exceeds the limitations of MRI machine), and (6) unwillingness
to be videotaped during study participation.

Assessment of Sleep
Sleep assessments utilized the National Institutes of Health
Patient-Reported Outcomes Measurement Information System
(PROMIS™) Sleep Disturbance and Sleep-Related Impairment
short-form scales (54). The Sleep Disturbance scale includes
items such as “I had difficulty falling asleep” and “I had trouble
staying asleep”. The Sleep-Related Impairment scale includes
items such as “I had a hard time concentrating because of poor
sleep” and “I had a hard time getting things done because I was
sleepy”. These scales were developed using rigorous item-
TABLE 1 | Sample characteristics (N = 90).

Mean (SD) or n (percent)

Age (years) 44.44 (11.66)
Sex
Male 55 (61.1%)
Female 35 (38.9%)

Race
African-American 66 (73.3%)
White 19 (21.1%)
Asian 2 (2.2%)
More than one race 3 (3.3%)

Ethnicity
Non-Hispanic or Latino 82 (91.1%)
Hispanic or Latino 7 (7.8%)
Unknown 1 (1.1%)

Marital Status
Married 6 (6.7%)
Divorced/separated 13 (14.4%)
Never married/single 71 (78.9%)

Education (years) 12.78 (2.32)
Has a paying job
Yes 29 (32.2%)
No 61 (67.8%)

Diagnosis
Schizophrenia 34 (37.8%)
Schizoaffective Bipolar Type 13 (14.4%)
Schizoaffective Depressive Type 13 (14.4%)
Delusional disorder 1 (1.1%)
BP I w/ psychotic features 8 (8.9%)
MDD w/ psychotic features 6 (6.7%)
No diagnosis (healthy control) 15 (16.7%)
May 2020
BP, Bipolar; MDD, Major Depressive Disorder.
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response theory methods as well as clinical judgement from
content experts. The PROMIS™ Sleep Disturbance scale has
demonstrated high convergent validity with the Pittsburgh Sleep
Quality Index and both the PROMIS™ Sleep Disturbance and
Sleep-Related Impairment scales are capable of differentiating
healthy individuals from those with clinically diagnosed sleep
disorders (54). The PROMIS™ sleep scales have also been shown
to be sensitive to treatment effects of positive airway pressure
therapy (55). Although not intended to measure symptoms of
specific sleep disorders, the PROMIS™ scales do tap sleep quality
and sleep dissatisfaction; thus, they are useful in assessing global
severity of insomnia (54).

Assessment of Functioning
The Adult Social Relationships Scales (ASRS) (56) consists of six
self-report scales assessing for participant appraisals of social
relationships over the past month across multiple domains.
Domains assessed include perceived social rejection, perceived
hostility, loneliness, friendship, instrumental support, and
emotional support. The ASRS is part of the NIH Toolbox for
the Assessment of Neurological and Behavioral Function and
each scale has good internal reliability and concurrent validity
with other instruments (56).

The Specific Levels of Functioning Scale (SLOF) (57) is a self-
report measure that assesses community functioning. It consists
of four subscales related to social and community functioning
(Interpersonal Relationships, Social Acceptability, Involvement
in Activities and Work Skills). The SLOF has been judged to be
the best available measure of real-world functioning (21).
Consistent with the procedures used in other samples with
psychosis [see (21)], participants completed a 30-item self-
report measure of their “typical level of functioning” rated on a
five-point Likert scale. Higher ratings indicate better functioning.

The Social Network Index (SNI) (58) is a 13-item self-report
measure assessing for social network size. Social network size is
the total number of individuals whom the respondent has had
contact with at least once in the previous two weeks. The SNI has
been used to study social relationships in samples at ultra-high
risk for psychosis (59) and has been shown to relate to
neuromorphology and brain function in neuroimaging studies
(60, 61).

The UCSD Performance-Based Skills Assessment Brief
Vers ion (UPSA-B) (7) ut i l i zes the F inanc ia l and
Communications subscales, two out of the five original
subscales that make-up the full UPSA. The UPSA-B uses role-
playing tasks to assess an individual’s capacity to perform
everyday tasks as an indicator of their real-world functioning
in the community. The financial skills subscale asks participants
to count and make change using monetary props (i.e., US dollar
bills and coins), and analyze and fill out a check for a utility bill.
The Communication skills subscale asks participants to
demonstrate their knowledge of using the telephone by
rescheduling an appointment, dialing emergency services, and
dialing directory assistance to obtain a telephone number. The
total score ranges from 0 to 100 and is calculated by summing
each of the two subscales with standardized scores ranging on a 0
to 50 scale. Higher scores indicate higher functional capacity.
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The UPSA-B has been found to be a valid behavioral measure of
functional milestones and has good predictive validity for
vocational outcomes (7). In a recent review (62), the UPSA
was found to have robust relations with social functioning as
assessed with the SLOF.

The MATRICS Consensus Cognitive Battery (MCCB) (63) is
a cognitive battery designed specifically for people with
psychosis. It includes 10 measures assessing for cognitive
functioning in seven domains. Domains include speed of
processing, attention, working memory, verbal learning, visual
learning, reasoning and problem solving, and social cognition.
Each of the measures included in the battery has demonstrated
acceptable validity and test-retest reliability (63). The MCCB has
been shown to be related to functional outcomes in
schizophrenia [e.g., (64)].

Assessment of Symptomology
Brief Psychiatric Rating Scale, expanded version (BPRS) (65), is a
24-item clinical interview designed to assess current clinical
symptomatology as experienced over the previous week. For
the purposes of this study, an overall BPRS score was used to
assess total symptom severity. The BPRS has shown acceptable
test-rest reliability, internal correlation coefficients, and
discriminant validity (66).

Procedures
Data were collected from within a larger fMRI study exploring
the links between social affiliation and neurological threat
response along with social reward processing. Study
procedures were approved by the University of Maryland
School of Medicine Institutional Review Board. Participants
completed a standardized informed consent process with
trained recruiters and signed an informed consent document.
A brief questionnaire was administered by trained study staff to
verify that participants were competent to provide consent and
understood the consent document. After the consent process,
participants completed in-person clinical interviews and self-
report paper-and-pencil questionnaires related to diagnoses,
cognitive functioning, social affiliation, and social functioning.
Participants were also compensated for their participation.

Data Analysis
Descriptive statistics for the sleep and social functioning
measures are presented in Table 2. As reflected in the T-score
values, PROMIS™ scales of sleep disturbance (range = 28.90–
76.50) and sleep-related impairment (range = 30.00–76.90)
represented a wide range, including values that were greater
than two standard deviations above the population average (54).
There were no significant differences between male and female
participants in sleep disturbance (t = 1.88, p = .07) or sleep
impairment (t = 0.52, p = .61). Age was not correlated with either
sleep disturbance (r = .14, p = .20) or sleep impairment (r = −.04,
p = .72). Given these null results, sex and age were not considered
in the analyses. Descriptive statistics for total symptoms and
MATRICS cognitive measures are presented in Table 3.
Correlational analyses were conducted to assess the relation
between sleep and social measures with additional partial
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correlation analyses conducted to control for symptomatology
and cognitive impairment.
RESULTS

Correlations between sleep variables and social variables are
presented in Table 4 . Results from the Adult Social
Relationship Scale indicated that greater sleep disturbance and
sleep-related impairment were related to self-reports of lower
perceived emotional support (but not instrumental support),
lower ratings of friendship and greater loneliness (range of rs =
−.25 to −.28, ps < 05). Greater sleep disturbance and sleep-related
impairment were related to greater social distress as reflected by
associations with perceived social rejection and hostility from
others (range of rs = .36 to .44, ps < .01).
Frontiers in Psychiatry | www.frontiersin.org 5114
With regard to social functioning, greater sleep disturbance
and sleep-related impairment were associated with poorer
functioning across all domains with the exception of activities
(range of rs = −.25 to −.50, ps < .05). Turning to social network
size, greater sleep disturbance (but not sleep-related impairment)
was related to smaller social networks (r = −.22, p < .05). Finally,
greater sleep disturbance and sleep-related impairment were
related to poorer social competence as measured by ratings of
communication skills (rs = −.26 and −.33, respectively, ps < .05)
but not financial skills on the UPSA.

Given that symptoms and cognitive impairment can contribute
to social dysfunction, we sought to determine if sleep disturbance
continued to hold a relation with social variables after controlling
for total symptoms on the BPRS (due to missing data, partial
correlations range of n = 83–87) and after simultaneously
controlling for all seven MATRICS subtests (due to missing data,
partial correlations range of n = 72–76). Results of partial
correlations are presented in Table 5. After controlling for the
BPRS total symptom score, greater sleep disturbance continued to
be related to more social distress as reflected by greater perceived
rejection and hostility. Sleep disturbance also remained associated
with a range of social functioning measures except activities and
community living skills. Finally, greater sleep disturbance remained
associated with poorer social competence as assessed by the UPSA
communication scale. A similar pattern of results was obtained after
controlling for cognitive performance with sleep disturbance
retaining associations across perceptions of social relationships,
social functioning as well as social competence (communication).
DISCUSSION

This study sought to examine the contribution of sleep
disturbance and sleep-related impairment to a variety of social
TABLE 2 | Descriptive statistics for sleep and social functioning assessments.

M (SD)

Sleep Disturbance (n = 90) 17.74 (7.73)
T-Score 46.00 (10.58)

Sleep-Related Impairment (n = 90) 17.02 (7.21)
T-Score 49.37 (10.64)

Adult Social Relationship Scales
Emotional Support (n = 90) 32.28 (7.45)
Instrumental Support (n = 89) 26.42 (8.84)
Friendship (n = 88) 25.41 (7.92)
Loneliness (n = 89) 10.82 (5.64)
Perceived Rejection (n = 89) 15.01 (6.99)
Hostility (n = 88) 14.67 (6.82)

Social Functioning (SLOF)
Interpersonal (n = 90) 27.78 (6.08)
Social Acceptability (n = 90) 27.58 (2.67)
Social Function (n = 90) 55.36 (7.48)
Activities (n = 89) 52.21 (6.33)
Work Skills (n = 89) 26.54 (3.81)
Comm Living Skills (n = 88) 83.31 (9.19)

Social Network Size (n = 90) 11.16 (7.37)
Social Competence (UPSA)
Financial (n = 89) 41.09 (8.12)
Communication (n = 90) 37.00 (9.10)
SLOF, Specific Level of Function Scale; UPSA, University of California, San Diego (UCSD)
Performance-Based Skills Assessment.
TABLE 3 | Descriptive statistics for symptoms and cognitive functioning.

M (SD)

BPRS Total Symptom Score (n = 90) 37.24 (9.81)
MATRICS Consensus Cognitive Battery:
Trail Making Test, Part A (n = 90) 49.69 (29.30)
Symbol Coding (n = 89) 40.46 (14.81)
Category Fluency (n = 88) 18.60 (5.80)
Verbal Learning (n = 90) 19.81 (6.67)
Spatial Span (n = 89) 12.97 (3.66)
Letter-Number Span (n = 89) 10.73 (4.30)
Mazes (n = 87) 9.53 (6.64)
Visuospatial Memory (n = 86) 15.83 (8.76)
Managing Emotions (n = 88) 88.96 (14.70)
Continuous Performance Test (n = 87) 3.40 (16.14)
TABLE 4 | Social correlates of sleep disturbance and sleep-related impairment.

Sleep
Disturbance

Sleep-Related
Impairment

Adult Social Relationship Scales
Emotional Support −.28** −.25*
Instrumental Support −.09 −.16
Friendship −.27* −.26*
Loneliness .36** .36**
Perceived Rejection .36** .41***
Hostility .37*** .44***

Social Functioning (SLOF)
Interpersonal −.33*** −.36***
Social Acceptability −.40*** −.50***
Overall Social Function −.41*** −.47***
Activities −.16 −.06
Work Skills −.41*** −.49***
Community Living Skills −.30** −.25*

Social Network −.22* −.15
Social Competence (UPSA)
Financial −.17 −.12
Communication −.26* −.33***
May 2020 | Volume
SLOF, Specific Level of Function Scale; UPSA, University of California, San Diego (UCSD)
Performance-Based Skills Assessment. *p < .05; **p < .01; ***p < .005.
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domains within a transdiagnostic sample including psychotic
disorders. Sleep disturbance and sleep-related impairment were
assessed with standardized and validated measures. A strength of
the study was that social assessments spanned several domains
including self-reported perceptions of social relationships, social
functioning in the community, social network size, and
behavioral assessments of social competence.

Regarding perceptions of social relationships, sleep
disturbance and sleep-related impairment were related to
reports of lower emotional (but not instrumental) support as
well as lower reports of friendship and greater loneliness. The
results are consistent with findings from non-clinical samples
indicating that lower social support and greater loneliness are
related to lower sleep quality (32–35) and greater sleep-related
impairment (36) and extend these findings to samples with
psychosis. Further, both facets of sleep problems were related
to greater perceptions of social rejection and hostility from
others. These results are consistent with prior findings that
social rejection is related to sleep disturbance in healthy
individuals (27). The results for perceptions of social
relationships as hostile are potentially consistent with findings
that greater paranoid ideation is related to poorer sleep quality in
clinical [e.g., (67)] and non-clinical [e.g., (68)] samples. The
association between greater emotional support and friendship
and lower sleep disturbance found in zero-order correlations
were no longer maintained when controlling for symptoms or
cognitive functioning. However, greater perceived rejection and
hostility remained associated with greater sleep disturbance even
Frontiers in Psychiatry | www.frontiersin.org 6115
after controlling for total symptoms and overall cognitive
functioning (and loneliness remained related to sleep
disturbance after controlling for cognitive performance). This
pattern of results indicates that sleep disturbance may have an
especially robust impact on negative perceptions of social
relations potentially leading to a sense of rejection and
perceptions of being treated in a hostile manner by others.

Greater sleep disturbance and sleep-related impairment were
associated with social dysfunction across a variety of domains
including poorer overall functioning and poorer work
functioning. Notably, these correlates reflected medium to
large effect sizes. Importantly, these associations between sleep
disturbance and poorer social functioning persisted even after
controlling for symptoms or cognitive functioning (factors
known to contribute to social impairment). These results
suggest that sleep disturbance may have a unique contribution
to social impairment in psychosis above and beyond
symptomatology and cognitive impairment. Our findings
replicate and extend those of Afonso et al. (46) indicating that
lower sleep quality was related to poorer personal and social
functioning in individuals with schizophrenia.

Findings indicated that sleep disturbance and sleep-related
impairment were related to behavioral ratings of social
competence in the domain of communication (but not
finance). Sleep disturbance remained associated with social
competency ratings in communication even after controlling
for symptoms and cognitive impairment. This is the first
demonstration that we are aware of showing that sleep
disturbance manifests in behavior with impaired social skill.
Given the contribution of social competence to functional
impairment (7, 8, 16), this suggests that sleep disturbance may
be a relevant factor to consider in models that seek to understand
skills deficits and functional impairment in psychotic disorders.

Overall, our results indicate that sleep problems in psychosis
are associated with a variety of social problems involving
negative social perceptions, poor functioning in the
community, and diminished social skill. These results fit with
prior work in non-clinical populations indicating the important
connections between sleep and social processes (27, 28). The
current findings are cross-sectional; thus, we are not able to
disentangle to what extent sleep problems precede and give rise
to social problems [e.g., (38, 39)] or whether social difficulties
contribute causally to sleep problems [e.g., (27)]. However,
current models emphasize a bidirectional relationship between
sleep and social behavior (27).

The present findings suggest several paths for future research.
An examination of how sleep problems impact social functioning
is needed to better understand the mechanisms underlying this
association. Prior research suggests that sleep insufficiency may
lead to behavioral alterations including a lower ratio of positive
to negative affect, lower empathic accuracy, and less conflict
resolution (38). Sleep loss may also contribute to feelings of
loneliness and self-initiated social withdrawal that adversely
impacts observers desire to interact with an individual (39).

Beyond clinical, self-report and behavioral assessments,
future research should explore neural mechanisms that might
TABLE 5 | Social correlates of sleep disturbance controlling for symptoms and
cognitive impairment.

Sleep Disturbance

Controlling for
Symptoms
partial-r

Controlling for
Cognitive Impairment

partial-r

Adult Social
Relationship Scales
Emotional Support −.18 −.19
Instrumental Support −.08 −.14
Friendship −.17 −.18
Loneliness .17 .34**
Perceived Rejection .27* .33***
Hostility .30** .43***

Social Functioning (SLOF)
Interpersonal −.23* −.28*
Social Acceptability −.34*** −.46***
Overall Social Function −.32*** −.41***
Activities .06 −.04
Work Skills −.38*** −.39***
Community Living Skills −.11 −.20

Social Network −.11 −.04
Social Competence (UPSA)
Financial −.07 −.15
Communication −.22* −.25*
SLOF, Specific Level of Function Scale; UPSA, University of California, San Diego (UCSD)
Performance-Based Skills Assessment. *p < .05; **p < .01; ***p < .005.
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underlie the connection between sleep and social dysfunction in
psychosis. Simon and Walker (39) found that sleep deprivation
results in social withdrawal based on reduced activity in theory of
mind neural networks and increased activity in brain regions
involved in perceiving threatening approach. Insomnia has been
shown to increase amygdala activation and reduce prefrontal-
amygdala connectivity (69–71). Given the role of the amygdala
and related structures in negative affect and threat perception
[e.g., (72, 73)], amygdala activation associated with sleep
insufficiency may in part contribute to perceptions of social
rejection and hostility. It is interesting that, paralleling findings
of amygdala activation in schizophrenia (74), sleep deprivation
has been found to result in elevated amygdala activity to both
aversive and neutral stimuli (75). Thus, sleep insufficiency may
lead to neural changes that contribute to the misinterpretation of
neutral or ambiguous stimuli as threatening. Additional research
is required to further examine if sleep insufficiency contributes to
social impairment through changes in brain circuitry that are
involved in social avoidance, threat perception, and
negative affect.

Finally, the current results may have implications for
developing interventions to improve social functioning in
psychosis. Our findings suggest that sleep disturbance may
contribute to social impairment beyond overall symptoms and
cognitive impairment. Should this finding be replicated, such an
association might indicate that targeting sleep disturbance could
enhance functional outcomes in psychotic disorders. Prior
research has indicated that sleep interventions can positively
impact social functioning in non-psychiatric individuals [e.g.,
(40–42)]. Given the association between negative symptoms and
social impairment in psychosis (12) and the relationship between
sleep problems and negative symptoms (53), it is interesting to
speculate that adding sleep interventions to treatments for
negative symptoms and social impairment could potentiate
clinical outcomes to further enhance recovery.

Several limitations constrain interpretation of the present
findings. First, as noted previously, this is a cross-sectional
study and we are not able to establish if sleep disturbance and
related impairment are contributing to social problems or if
social difficulties give rise to sleep problems. Second, while we
adopted an RDoC approach (49–51) to examine transdiagnostic
associations from a dimensional perspective, we were not able to
explore the potential differential relations of sleep domains
across different diagnoses or differences between clinical and
non-clinical participants. Third, the majority of clinical
participants were receiving various forms of medication and
we are not able to examine how different types or dosages of
medication may contribute to sleep problems. Finally,
assessment of sleep disturbance and sleep-related impairment
were limited to self-reports. We do not have information relevant
Frontiers in Psychiatry | www.frontiersin.org 7116
to the presence of clinically diagnosed sleep disorders nor do we
have information based on other methods such as sleep diaries or
actigraphy—methods that may provide additional information
on sleep parameters not captured in our current assessments.

In summary, consistent with our hypotheses, results indicated
that sleep disturbance and sleep-related impairment have
widespread deleterious impacts on perceptions of social
relationships, social functioning, and social competence or
behavioral skill. Sleep disturbance retained its associations with
perceptions of social relationships, social functioning, and social
competence even after controlling for total symptoms or
cognitive functioning. These findings have implications for
understanding the profound social impairment that occurs in
psychosis and suggest novel approaches to treating social
dysfunction in these disorders.
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Empathy, broadly defined as the ability to understand the other and to share others’
emotions, motivates prosocial behavior and underlies successful interpersonal relations.
Dysfunctions in this ability may cause fundamental difficulties in social communication.
Empathy has been measured in various ways, from self-report questionnaires to
laboratory objective performance tests. Empathic accuracy (EA), i.e., the ability to
accurately empathize, is measured using more complex and ecological paradigms,
such as asking participants to infer filmed interactions, or having people narrate
personal emotional stories then assessing the correspondence between the perceiver
and the target of empathy as the criteria for empathic ability. This measure is particularly
useful in the study of clinical populations, where deconstructing the multifaceted concept
of empathy may contribute to a more complete understanding of specific clinical profiles.
This paper presents a scoping review of the literature on EA in clinical populations, and on
EA and clinical traits and states in nonclinical or high-risk populations. Following an
exhaustive literature search, 34 studies were found eligible to be included in this review.
The largest category was studies focused on EA in people with schizophrenia (31%; 11
papers), followed by studies focused on EA in autism spectrum disorders (ASD) and
autistic traits in a nonclinical population (22%; 8 papers). Studies were also found on EA
and depression tendencies, psychopathy, social anxiety, behavior disorders, and
personality disorders, and a few other clinical conditions. The included studies varied
on research aims, designs, sample sizes, and male:female ratios. The overall synthesized
results suggest that EA is reduced in schizophrenia and ASD. In other clinical populations,
the number of studies was very limited. We urge researchers to further examine EA in
these less-studied populations. The review reveals a general underrepresentation of
female participants in studies on EA in clinical populations. We suggest that future
research address understudied clinical populations, such as those diagnosed with
psychopathy. Subject, target, and situational variables should also be considered, with
special attention to gender differences (and similarities), the association between EA
abilities and adaptive functioning, and the study of individuals with clinical conditions as
targets, not just observers, in EA tasks.

Keywords: empathic accuracy, autism, schizophrenia, psychopathy, depression, anxiety, behavior disorders,
personality disorders
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INTRODUCTION

Every well-adjusted social interaction—for example, between
parents and children, between peers or between partners—
requires recognition, understanding and sometimes sharing
each other’s thoughts, feelings, and emotions. Applying these
complex skills, while maintaining a self/other distinction, is
termed empathy (1–3). An evolutionary perspective suggests
that the basic need to care for offspring explains why human
beings developed empathy (4). Empathy motivates prosocial
behavior and interpersonal relations (2). On the other hand,
dysfunction or lack of empathic abilities may cause not only
misunderstandings and unpleasantness but also fundamental
difficulties living in society. The multifaceted concept of
empathy can be divided into cognitive empathy (or
mentalizing)—the recognition and understanding of others’
mental states—and emotional empathy (or experience sharing)
—in which the affective experience is similar to that of the other,
or there is an emotional response to the mental state of the other
[(5–7); for a review see: (2, 8)].

As a sophisticated yet fundamental ability that plays a central
role in human relationships, empathy has been extensively
researched for decades, and it has been examined specifically
in clinical populations in which social dysfunctions are key. For
example, autism spectrum disorder (ASD), psychopathy and
schizophrenia are clinical conditions that according to several
theories are associated with pronounced empathic dysfunction
(9–15). In both ASD and psychopathy, a social deficit is not only
a characteristic, it is a diagnostic criterion (16, 17). While some
have suggested that both cognitive and emotional domains of
empathy are impaired in schizophrenia (18), others claim that
schizophrenia and psychopathy are characterized by deficits in
emotional empathy but not cognitive empathy (11, 19, 20).
Aberrant empathic functioning, specifically impairments in
cognitive empathy, was also found in borderline personality
disorder [BPD; (21)] and bipolar disorder (22), two conditions
associated with interpersonal deficits. However, other findings
support a hypothesis according to which individuals with BPD
are uncommonly sensitive or “over empathic” to the internal
experience of others (23–25). Findings from clinical populations
are of great value for understanding the multifaceted concept of
empathy on the one hand, and specific clinical profiles on the
other hand, but these are not always consistent. One possible
explanation for the inconsistencies may be the varied
operationalizations of empathy in research.

Researchers in the fields of developmental, social, cognitive,
educational, and clinical psychology, as well as cognitive
neuroscience, use different methods and instruments to
measure empathy in the general population, and in clinical or
high-risk populations. In early childhood, empathy is often
measured through observations, as a behavioral response to a
simulation of others’ distress (26–28) or by caregivers’
reports [e.g., (29)]. In older children, empathy is measured
using different tasks, including the evoked emotional response
in the child (30, 31). In schoolchildren, adolescents, and
adults, empathy can be measured using either self-report
Frontiers in Psychiatry | www.frontiersin.org 2120
questionnaires [e.g., IRI, (32); EQ, (33); CEAQ, (34)] or
objective performance tests, which compare participants’
output to predefined “correct” responses. These kinds of tasks
include emotion recognition tasks in still pictures, and reading a
vignette describing a mental state or a social situation. Theory of
Mind (ToM) and traditional false beliefs and “Faux-Pas” tasks
are also related to some extent to the cognitive component of
empathy (35–40). Generally, some tasks or questionnaires
primarily measure the cognitive empathic component, while
others capture more of the emotional output. Objective
performance tests offer some integration between the
individual’s perspective and the observed behavioral output,
but such laboratory tasks usually fail to capture the dynamic
nature and complexities involved in social communication,
including rapid and nuanced changes in facial expression,
intonation and other pragmatic characteristics of the speech,
posture and gestures of the target social partner (41). Other
limitations in some of the methods mentioned above include the
fact that reading and comprehension abilities and executive
functions (e.g., in questionnaires, vignettes) may present a
potential confound, and the fact that some measures refer to a
very narrow aspect of empathy (e.g., emotion recognition from
facial expressions). In studying empathy in clinical populations,
these limitations need to be considered.

Empathic accuracy (EA) tasks have tried to offer a more
ecological setting to measure empathic abilities. EA is the ability
to accurately judge the cognitive and affective mental states of
others (42, 43). Accordingly, in the original lab procedure
developed by Ickes and his colleagues, a dyad is videotaped
while interacting. Then each member of the dyad views the
videotape separately and reports his or her own thoughts and
feelings during the interaction, as well as inferences regarding the
partner’s thoughts and feelings during the interaction. EA is
measured by the similarity between the explicit reported mental
states of the target and those reported by the perceiver (42, 43). In
the current review we refer to this prototype paradigm (and later
adaptations and variations of it) as a dyadic interaction paradigm.

Amore recent EA paradigm developed by Zaki and colleagues
is based on the perceiver’s interpretation of a target’s videotaped
autobiographical emotional story as the stimulus (instead of a
dyadic interaction), and the correspondence between the
perceiver’s and the target’s ratings of valence (i.e., how positive
or negative the target felt while telling the story) instead of the
exact mental content. In this paradigm, both the target and the
perceiver use a rating dial to continuously rate the valence of
the videotaped story, and the perceiver’s EA score results from
the correlation between the two continuous ratings (41, 44, 45).
This method comes from an earlier attempt by Levenson and
Ruef (46) to create a measure of behavioral empathy that relies
on rating dials to provide continuous responses to a given
videotaped stimulus. Here, we refer to this method as an
emotional story inferring paradigm.

Another EA paradigm, which has been utilized mostly in
research on romantic partners, uses experience-sampling diaries
[e.g., (47, 48)]. In this approach, participants provide daily
reports of their own mental states and their inferences
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regarding their partner’s perceived mental states over a period of
time. Then reports of each participant on his/her partner’s (the
target’s) thoughts and feelings are compared to the target’s own
reports to arrive at an EA score. In this review, this is referred to
as a daily diary paradigm.

All three prototypes of EA paradigms yielded various studies,
and some of them applied specific variations and adaptations to
the original developed tests. Common to all is the reliance on the
concordance between the perceiver’s (the subject of the EA
measure) view of the target and the target’s (the object of the
EA measure) own report on their internal states to generate the
EA measure. As such, EA measures provide more ecologically
valid data on interpersonal perception in comparison to other
experimental techniques. Moreover, an fMRI study by Zaki and
colleagues suggests that both cognitive and emotional
mechanisms contribute to the ability of the perceiver to
accurately match her state with the emotions or thoughts
experienced by a social target (49). Thus, measuring EA seems
to capture a more nuanced measure of empathy and reflect
its complexity.

The main objective of this review is to provide an overview of
the existing literature on EA in clinical populations or high-risk
subclinical populations, and on clinical states and traits
measured in nonclinical samples. To this end, we aim to (1)
conduct a systematic search of the published peer-reviewed
papers on EA in clinical populations; (2) map the
characteristics and range of findings and conclusions in the
identified papers; (3) examine reported challenges and
limitations of measuring EA in clinical populations; and (4)
propose recommendations for future research directions. Within
the scope of this review are studies measuring EA conducted on
clinical populations, as well as studies focusing on clinical traits
in a high-risk or nonclinical population. We considered studies
measuring valence (negative-positive) or content (thoughts,
feelings), and measuring EA as a primary or secondary aim of
the study (for example, studies measuring EA in a clinical sample
as part of a battery of tests assessing social cognition). We also
considered a variety of paradigms used to assess EA, including
the dyadic interaction paradigm, the emotional story inferring
paradigm and the daily diary paradigm. Common to all studies
was the aim to assess the perceivers’ ability to accurately
understand and report on the targets’ affective or mental state
when the criteria are the target’s own representations of his or
her mental state.
METHODS

The methodology was based on the framework outlined by Arksey
and O’Malley’s (50) review and recommendations made by Levac
et al. (51). It consisted of five key phases: (1) identifying the
research question; (2) identifying potentially relevant studies; (3)
selection of studies; (4) charting the data; and (5) organizing,
summarizing, and reporting the findings. The Preferred Reporting
Items for Systematic Reviews andMeta-Analyses (52) were used in
the current review as a guide, where applicable.
Frontiers in Psychiatry | www.frontiersin.org 3121
Research Question
This review was guided by the following two questions: (1) What
are the characteristics of studies measuring EA in clinical
populations? and (2) What are the main findings and
conclusions in the literature regarding EA in clinical
populations? For the purposes of this review, all papers that
used the term “empathic accuracy” and referred to a
concordance or correlation between two partners (i.e., a target
and a perceiver) were included.

Data Sources and Search Strategy
The initial search was implemented in July 2019, using PsycNET
and PubMed. The search query included the term “empathic
accuracy” AND (permutations of) the terms: “autism”;
“psychopathy”; “schizophrenia”; “depression”; “dyslexia”;
“attention deficit”; “anxiety”; “OCD”; “behavior disorders”;
“personality disorders”; “mood disorders”; “affective disorders”;
“neurodegenerative disease”; “mental disability”; “learning
disability” ; “neurodevelopmental disorder” ; “clinical
population”; “mental disorders.” The reference lists of all
potentially relevant papers were screened in a two-phase
process: (a) title and abstract screening; and (b) full-text
screening. Empathy measures were examined in the selected
studies with respect to the extent to which they tapped into EA. A
“snowball” technique was also utilized in which citations within
papers were searched to look for potentially relevant studies. A
follow-up search was conducted on September 24, 2019, to
identify any additional relevant papers published after the
initial search, resulting in the final list of papers for the review
(see Table 1).

Eligibility Criteria
Peer-reviewed papers written in English were eligible for
inclusion if they explicitly aimed to measure “empathic
accuracy” (EA) in a clinical population. Studies published in
any year were considered. Papers that referred to empathy in
clinical populations without measuring EA and review papers
were excluded from the analysis, but their reference list was
reviewed to identify additional relevant papers. Papers aiming to
measure the relation between EA and clinical traits in nonclinical
populations were also included in the current review. Exclusion
criteria included: papers in languages other than English;
nonpeer-reviewed papers (such as theses or dissertations); and
papers aiming to measure EA in the general/nonclinical/typically
developing population.

Data Characterization and Analysis
All papers deemed relevant after the title and abstract screening
were procured for subsequent review of the full text. Studies were
excluded at this phase if they were found not to meet the
eligibility criteria. The following characteristics of each full-text
article were then extracted: objectives; participants (clinical
population, N, age, gender); definition of EA; EA paradigm
used; main findings and main conclusions regarding EA. All
references, abstracts and data characteristics were imported into
Microsoft Excel. Descriptive statistics were calculated to
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TABLE 1 | Summary of studies’ characteristics.

Study Objective/Research Question Design and Participants EA paradigm Main conclusions regarding EA

Schizophrenia Spectrum and Psychotic Disorders
van Donkersgoed
et al. (53)

To assess the moderating role of the target’s
gender and expressivity and the valence of
the story on EA performance; the correlation
between EA and other commonly used
empathy measures.

Schizophrenia group (n=92, 67
males)
Nonclinical control group (n=42,
32 males) matched for age,
gender, and education

Emotional story Schizophrenia group performed worse than
controls in EA.
Individuals with schizophrenia benefit less from
the emotional expressivity of targets. No
correlations were found between EA and
questionnaire scores, suggesting a distinction
between self-report empathy and actual
empathy performance.

de Jong et al. (54) To investigate which measures of social
cognition and metacognition are related to
violent history in patients with psychotic
disorder; which domains of metacognition
were indicative of a violent history in
psychosis.

Violent psychotic disorder in
care at a forensic clinic for a
violent crime (n=23)
Clinical group 2: nonviolent
psychotic disorder (n=27, all
males)
Nonclinical control group (n=33,
all males)

Emotional story EA differentiated between the violent and
nonviolent psychotic patients, while scores on
social cognition (such as ToM) and a
metacognition scale did not.
EA may offer an important contribution to
statistical models of violence risk in psychotic
disorder.

Harenski et al. (55) To explore the hypothesis that lower EA and
smaller brain volumes in regions implicated
in social cognition are related to past suicide
attempts in offenders with a psychotic
disorder.

Criminals with a psychotic
disorder and a history of suicide
attempts (n=18, all males)
Criminals with a psychotic
disorder and no past suicide
attempts (n=25, all males)
Nonclinical group: criminals with
no history of a psychotic
disorder (n=59, all males)
Nonclinical control group (n=26;
all males)

Emotional story Criminal offenders with psychotic disorders
and suicide attempts had lower EA and
smaller temporal pole volumes compared to
the other groups.
EA and temporal pole volumes were
significantly associated with past suicide
attempts independent of other risk factors.

Horan et al. (56) To evaluate correlations of the Questionnaire
of Cognitive and Affective Empathy (QCAE)
in schizophrenia with EA (and other empathy
measures).

Schizophrenia group (n=145,
108 males)
Nonclinical control group (n=45,
32 males)

Emotional story No significant association was found between
the QCAE and EA performance in either
group, indicating that self-reported beliefs
about empathic characteristics are not
necessarily correlated with an actual
understanding of others’ affective states.

Davis et al. (57) To assess whether oxytocin (OT) enhances
the effectiveness of a social cognitive
training.
The final four sessions of training focused on
improving EA.

Individuals with schizophrenia
(n=27, all males)
were randomly assigned to an
OT condition (n=13) or to a
placebo condition (n=14).
(Double-blind drug
administration with before and
after treatment comparison)

Emotional story Administration of OT before a psychosocial
intervention targeting social cognition
improved EA and not other measures of social
cognition, in individuals with schizophrenia.

Ripoll et al. (58) To test schizotypal personality disorder
(SPD) participants and healthy controls on
the EA paradigm and the Reading of the
Mind in the Eyes Test (RMET).

SPD group (n=19, 13 males, 6
females)
Nonclinical control group (n=19,
6 males, 13 females)

Emotional story SPD individuals demonstrated lower EA than
controls during negative-valence videos,
associated with lower social support.
RMET did not differ between groups,
suggesting that EA paradigms may be more
effective at capturing interpersonal dysfunction
than static image tasks. Schizotypal severity,
trait empathy and cognitive dysfunction did
not account for the empathic dysfunction.

Olbert et al. (59) To examine the relationship between EA
(and three other social cognitive paradigms
adapted from social neuroscience) and
functionally meaningful outcomes in
schizophrenia (incremental, external validity).

Within-subject design on
participants with schizophrenia
(n=173, 124 males)

Emotional story The EA paradigm was found to have the
broadest external validity, and it is the most
recommended measure from the four
paradigms that were evaluated. EA had a
significant association with functional outcome
measures: Higher EA was associated with
greater nonsocial cognitive ability, functional
capacity, social skills and community
functioning.

Kern et al. (60) To evaluate psychometric properties of EA
(and three other social cognitive paradigms
adapted from social neuroscience) to inform

Schizophrenia group (n=173,
124 males)
Nonclinical control group (n=88,

Emotional story The EA task had the best psychometric
properties of the four paradigms checked:
The largest between-group difference was seen
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possible use in clinical trials that assess
treatment-related changes in social cognition
in schizophrenia.

57 males)
within subject (test-retest) in the
schizophrenia group

on EA; of all measures, only a long version of the
EA task met acceptable test-retest reliability
standards; EA task was the strongest measure in
regard to practice effects.

Harvey et al. (61) To examine the neural correlates of EA and
targets’ expressivity in schizophrenia.

Schizophrenia group (n=15, 13
males)
Nonclinical control group (n=15,
13 males)

Emotional story Schizophrenia patients demonstrated impaired
EA, failed to benefit from targets’ emotional
expressivity (wherein controls did benefit from
targets’ expressivity), and demonstrated
reduced neural sensitivity to targets’ affective
cues.

Lee et al. (62) To determine the relative extent of
impairment in social and nonsocial cognitive
domains in schizophrenia and bipolar
disorder patients compared
with healthy controls.

Schizophrenia group (n=38, 21
males)
Bipolar disorder group (68, 38
males)
Nonclinical control group (n=36,
20 males)

Emotional story Schizophrenia patients performed significantly
worse on EA than bipolar patients and
controls, who did not differ from each other.
see findings regarding bipolar patients under
Bipolar Disorder

Lee et al. (63) To examine whether schizophrenia patients
showed lower EA compared with controls;
whether emotional expressivity of a target
moderated group differences; whether EA is
associated with self-reported trait empathy
or clinical characteristics in the schizophrenia
sample.

Schizophrenia group (n=30, 25
males)
Nonclinical control group (n=22,
17 males)

Emotional story Schizophrenia patients were impaired in EA
relative to controls.
Both groups showed better accuracy for
positive- vs. negative-valence videos.
Both groups showed greater EA for highly
expressive targets, but this effect was
significantly smaller in schizophrenia patients.
EA was not related to the participants’ self-
reports or clinical symptoms.

ASD and Autistic Traits

Adler et al. (64) To compare levels of empathic
embarrassment accuracy among individuals
with ASD with those of matched controls.

ASD group (n=17, 16 males,
high functioning/Asperger’s
syndrome)
Nonclinical control group
matched for age and IQ (n=24,
21 males)

A paradigm
designed to
measure
empathic
embarrassment
accuracy1

The ASD group displayed less empathic
embarrassment accuracy compared with the
control group.
Higher AQ scores predicted low EA in the
ASD group (a marginal correlation).

aan het Rot and
Hogenelst (65)

To investigate the influence of autistic traits
and trait affective empathy on EA.

Nonclinical sample (n=100, 50
male and 50 female)

Emotional story Perceivers with more autistic traits
demonstrated worse EA, particularly when
their trait affective empathy was relatively low.
Higher perceiver EA was predicted by a higher
perceiver affective empathy and the target
being female (rather than male), but there was
no significant interaction between these two
predictors.

Demurie et al. (66) To investigate and compare the mind-
reading abilities of adolescents with ASD,
adolescents with ADHD and typically
developed (TD) adolescents.

ASD group (n=13, 12 males)
ADHD group (n=13, 12 males)
Nonclinical control group (n=18,
14 males)
adolescents

Dyadic
interaction
In each dyad
one of two
targets was TD,
and the other
was ASD or
ADHD

Adolescents with ASD demonstrated
impairment on both EA and a static task.
see findings regarding ADHD under ADHD

Bartz et al. (67) To test whether normal variance in social
proficiency moderates the effects of oxytocin
(OT) on social-cognitive performance.

Nonclinical sample (n=27, all
males). Participants were
randomly assigned to either an
OT condition or a placebo
condition, followed by an EA task.
Participants returned 3 to 5
weeks later, received the alternate
compound, and completed the
EA task again.

Emotional story Oxytocin selectively improved EA for people
with higher (but not lower) autistic traits.

Ponnet et al. (68) To investigate EA of participants with ASD
asked to infer the mental states of targets in
a highly structured conversation vs. a less
structured/more naturalistic conversation.

ASD group (n=22, all males)
Nonclinical control group (n=22,
all males) matched for
chronological age and IQ

Dyadic
interaction
One interaction
was more
structured than
the other.

Differences between ASD and control groups
in EA were more pronounced when
participants had to infer the thoughts and
feelings of other persons in a less structured
conversation.
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Ponnet et al. (69) To measure the social functioning of adults
with pervasive developmental disorder (PDD)
during a conversation with a TD stranger
and to explore whether EA of both groups
was affected by behavioral characteristics
and by the content of the interaction.

Part 1: Eleven dyads, each
composed of a partner with
ASD (n=11, 9 males; PDD) and
a TD partner (n=11, 9 males),
interacted in a lab task, then
performed the EA task on each
other within each dyad.
PDD participants with the
highest scores in the EA task of
Roeyers et al. (70) were invited
to participate in this study. TD
participants were matched
based on sex, age, education
and main interests.
Part 2: TD participants (n=13, 8
males), with the filmed
interactions from part 1 as the
stimuli for EA measure.

Dyadic
interaction
ASD
participants
take part in the
interaction

No significant difference was found between
controls and PDD participants in EA.
No significant associations were found
between EA and IQ scores, age or the time
needed to complete the task.
EA scores of the 11 participants with PDD
correlated significantly with their EA scores on
the previous study (Roeyers et al., (70); on a
video of structured interaction).
No significant difference was found among
participants in part 2 in EA towards TD or
PDD individuals as targets.
Being in the interaction yields higher EA
scores than just perceiving the interaction:
participants in part 1 (PDD and TD) scored
higher in EA than participants in part 2 (TD),
who inferred EA from an interaction in which
they did not previously take part.

Ponnet et al. (71) To compare individuals with Asperger
syndrome and controls’ performance in two
static mind-reading tasks and the EA task.

ASD group (n=19, 14 males;
Asperger’s syndrome)
Nonclinical control group (n=19,
14 males)

Dyadic
interaction

The EA task indicated significant between-
group differences, whereas no such
differences were found on the static mind-
reading tasks.
EA in both groups depended on the focus of
the target’s thoughts and feelings.
Participants with ASD needed more time than
the controls to complete the EA task.

Roeyers et al. (70) To compare individuals with PDD with
controls on twopreviously used static
empathy tests and onan EA task.

ASD group (n=24, 22 males;
PDD/high-functioning)
Nonclinical control group (n=24,
22 males) matched for sex,
education, profession or
interests

Dyadic
interaction

Participants with PDD demonstrated worse EA
in a video presenting a less structured
conversation between two stranger targets,
whereas no between-group differences were
found in a video presenting a more structured
conversation.
Participants with PDD did not use more time
than controls to complete the EA task.
EA measure was proven to be a valid
alternative to the previously used static tests.

Depression Measured in a Nonclinical or High-Risk Population

aan het Rot et al.
(72)

To examine the impact of light therapy on
mood and on cognitive empathy in
premenstrual women with complaints
indicating a premenstrual disorder.

A nonclinical sample (n=48, all
females) divided into two
treatment groups (light therapy/
sham session; participant-blind
between-groups design)

Emotional story There were no significant effects of light
therapy on EA.
Participants obtained higher EA scores when
watching positive clips compared to negative
clips.

Hogenelst et al. (73) To investigate the effect of acute tryptophan
depletion (ATD), which reduces brain
serotonin, on social functioning, EA, and
oxytocin levels.

High risk for MDD group (n=20,
10 males)
Nonclinical matched control
group
A randomized, double-blind,
crossover design (2 treatment
conditions) with between-group
comparison

Emotional story EA remains unaffected by acute reductions in
brain serotonin, even though brain oxytocin
levels may be reduced.

Gadassi et al. (74) To examine associations between EA and
depression as a possible mechanism
underlying gender differences in the
association between interpersonal difficulties
and depression in an intimate relationship.

Nonclinical sample of romantic
couples (51 dyads;
measurement of subclinical
depression traits in couples)

Dyadic
interaction
and Diary

Depressive symptoms were associated with
lower EA among females and may have a
stronger impact on interpersonal perception in
intimate relationships among females than
among males.
When a female is depressed, both her own
and her partner’s EA levels are lower. When
males are depressed, neither their own nor
their partner’s levels of EA are lower.
Depressive symptoms predicted lower EA
regarding negative moods and feelings, but
not regarding positive ones.
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Papp et al. (75) To examine affectivity in marital interaction:
to test partners’ EA and assumed similarity
in marital conflict interactions and whether
they are moderated by spouses’ levels of
depressive symptoms; to examine whether
spouses’ ratings of their partner’s specific
emotions depend on how they felt
themselves in the same conflict interaction.

Nonclinical sample of romantic
couples (267 dyads;
measurement of subclinical
depression traits in couples)

Dyadic
interaction
The interaction
was focused on
a topic of
conflict

Females with higher levels of depressive
symptoms demonstrated higher EA (and lower
assumed similarity) compared to females with
lower levels of symptoms.
In rating negative emotions, spousal
depressive symptoms weakened females’
abilities to rate their partners’ emotions; in
rating positivity, higher females’ depressive
symptoms strengthened their ratings of their
partner’s emotions.
Females’ depressive symptoms were
associated with lower EA ratings by their
partners (for anger, but not for sadness);
males’ depressive symptoms were associated
with lower EA in rating their partner’s anger.
Males’ EA in rating their partner’s sadness
was higher when their partner had a higher
level of depressive symptoms.
Partners of spouses with elevated depressive
symptoms demonstrated particular difficulty in
assessing partner anger in marital conflict.

Thomas et al. (76) To examine the correlates of online EA in a
sample of married couples in the context of
problem-solving discussions, considering
depression, relationship length and
educational attainment.

Nonclinical sample of romantic
couples (74 dyads;
measurement of subclinical
depression traits in married
couples)

Dyadic
interaction
The interaction
was focused on
a topic of
conflict

EA was not significantly correlated with
depression in either males or females.

SAD and Trait/State Social Anxiety

Morrison et al. (77) To compare cognitive empathy and affective
empathy in individuals with SAD to that of
matched controls;
to assess empathy with an adapted version
of the EA task, with an additional behavioral
index of affective empathy—by examining
the degree of congruency between the
target’s self-rating of emotion and the
participant’s self-rating of his/her own
emotions.

SAD group (n=32, 18 males)
Nonclinical matched control
group (n=32, 18 males)

Emotional story No between-group differences were found in
EA, indicating intact cognitive empathy in SAD.
For positively valenced (but not for negatively
valenced) clips, individuals with SAD exhibited
significantly lower empathic congruence
(affective empathy) than controls, indicating
that affective empathy may be impaired in
SAD.

Auyeung and Alden
(78)

To examine whether individual differences in
social anxiety moderate EA.

A nonclinical sample (n=121, 95
females) measured to assess
social interaction anxiety in to
conditions: experimental
condition (a manipulation
designed to increase state
anxiety) and a control condition

Emotional story
Specifically,
targets narrated
experiences
when they felt:
(1) socially
excluded (2)
socially included

Social anxiety was associated with greater EA
for others’ social pain, but only when
participants experienced social threat:
Individuals with lower levels of social anxiety
were less accurate in judging others’ negative
emotions following a social threat.

Simpson et al. (79) To test how people with more anxious-
ambivalent attachment orientations react
when their relationships are threatened by
alternative dating partners.

Nonclinical sample of romantic
couples (82 dyads;
measurement of subclinical
anxiety traits)

Dyadic
interaction

Highly anxious-ambivalent individuals
demonstrated higher EA (than those rated
lower on anxiety) in a relationship-threatening
situation (watching their partners rating
opposite-sex optional dating partners), greater
distress, and less confidence in their partners
and relationships.
The more anxious-ambivalent females
reported a slight decrease in the perceived
closeness of their relationships. More anxious-
ambivalent males’ relationships were more
likely to have ended by follow-up.

Borderline Personality Disorder (BPD)

Miano et al. (80) To investigate whether BPD patients show
motivated inaccuracy by measuring their EA
during a relationship-threatening

Dyadic analysis of BPD couples
(30 couples; the female partner
diagnosed with BPD) vs. a

Dyadic
interaction
Specifically
focused on: (1)

Reduced EA when facing a relationship-
threatening situation was found in couples in
the nonclinical control group, while females
with BPD did not show this pattern of
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conversation with their own romantic
partner.

nonclinical control group of
couples (34 couples)

a personally
threatening
topic (2) a
relationship-
threatening
topic

motivated inaccuracy and instead increased
their EA, a finding that supports the concept
of borderline empathy.
Male partners of BPD females did not have a
different EA pattern than control males.
Neutral and personally threatening contexts
did not significantly affect EA between BPD
and control females.

Flury et al. (81) To explore the phenomenon of borderline
empathy (elevated empathy among
individuals with BPD) with the use of EA.

A nonclinical sample (n=76, 46
females), composed of high vs.
low risk for BPD, assigned to
dyads each composed of a
high-risk for BPD partner and
low-risk for BPD partner.

Dyadic
interaction
In each dyad
one “borderline”
(high-risk) and
one
“nonborderline”
(low-risk)

The empathic advantage displayed by high
BPD individuals may not reflect greater ability,
but result from the comparison to the ratings
of their partner, who had difficulty inferring
emotions of the BPD partners.

Conduct Disorder and Callous-Unemotional Traits

Martin-Key et al.
(82)

To assess EA, emotion recognition and
affective empathy in male adolescents with
Conduct Disorder (CD) and higher versus
lower levels of callous-unemotional (CU)
traits.

Clinical group: CD (n=37, all
males)
Nonclinical control group (n=40,
all males)
adolescents

Emotional story Adolescents with CD did not differ in EA from
TD adolescents but displayed significant
impairments in emotion recognition and
affective empathy (measured by asking
participants to report whether they
experienced the same emotion as the target).
No difference in EA was found between high
and low CU traits subgroups.

De Ridder et al. (83) To assess everyday EA in institutionalized
adolescents with high and low CU traits, and
how EA is related to adolescents’ own
behavior, and own affective and relational
experience.

A sample of institutionalized
adolescents (n=71, 45 males)
divided into high CU traits vs.
low CU traits *adolescents

A procedure
similar to the
diary paradigm2

High CU adolescents unexpectedly did not
differ from low CU adolescents in EA
(specifically inferring anger and distress in staff
members) and notably overestimated the
general intensity of both anger and distress,
and in particular, inferred more anger when
they (the adolescent themselves) were
misbehaving.

Psychopathy

Brook and Kosson
(84)

To examine relationships between
psychopathy and cognitive empathy.
To design an improved EA task, with
multiple targets, and a standardized forced-
choice response format.

A sample of incarcerated
offenders (n=103, all males)

Emotional story Inverse association between psychopathy and
EA was found, as well as robust group
differences between psychopathic and
nonpsychopathic inmates, findings that
corroborate the deficient empathy hypothesis.

Bipolar Disorder

Lee et al. (62) See the same study in the category: Schizophrenia spectrum and Psychotic disorders. Bipolar groups did not differ from the control
group on EA but outperformed the
schizophrenia group.
Bipolar patients performed significantly better
on social relative to nonsocial cognitive
domains, whereas schizophrenia patients
showed the opposite pattern.

Risk for Hypomania
Devlin et al. (85) To utilize a naturalistic, dynamic social

stimulus (EA paradigm) in order to
investigate the relationship between
hypomania risk and empathy.

Nonclinical sample (n=121, 69
females), divided into high vs.
low risk for hypomania

Emotional story Risk for hypomania was associated with
elevated EA of increases in positive emotion
for targets describing positive events;
however, it was also associated with
overestimating global positive emotion for
targets describing negative events.

ADHD
Demurie et al. (66) See the same study in the category: ASD and autistic traits in a subclinical population. ADHD did not significantly differ in EA from

either the control group or ASD group; thus, it
was determined to be an intermediate group
between the clinical and nonclinical groups.
Thoughts and feelings of target persons with
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summarize data characteristics when applicable. The main
findings and conclusions of all reviewed papers were discussed
in light of the known data characteristics, limitations, and
strengths of the included studies.
RESULTS

Search and Selection of Papers
The original search conducted in July 2019 yielded 17 potentially
relevant citations for EA and “autism” (using “ASD” as a search
word instead of “autism” yielded no additional papers). For EA
and “schizophrenia,” 24 potentially relevant citations were found
(using “schizophrenic” as a search word instead of schizophrenia
yielded no additional papers). For EA and “psychopathy,” four
potentially relevant citations were found. For EA and
“depression,” 26 potentially relevant citations were found
(using “depressive” as a search word instead of “depression”
yielded one additional potentially relevant paper). For EA and
“attention deficit,” five potentially relevant citations were found
(using “ADHD” as a search word instead of “attention deficit”
yielded no additional papers). For EA and “anxiety,” 22
potentially relevant citations were found. For EA and “behavior
disorders,” 16 potentially relevant citations were found (using
“conduct disorder” or “disruptive behavior disorders” as a search
word instead of “behavior disorders” yielded one additional
potentially relevant paper). For EA and “personality disorders,”
five potentially relevant citations were found (using “borderline
disorder” as a search word instead of “personality disorders”
yielded no additional papers). For EA and “neurodegenerative,”
one potentially relevant citation was found (using “degenerative”
or “Alzheimer’s disease” or “Alzheimer” or “dementia” as a
search word instead of “neurodegenerative” yielded no
additional papers). One potentially relevant paper was found
for EA and “learning disabilities” (using “learning disability” as a
search word instead of “learning disabilities” yielded no
additional papers). No potentially relevant papers were found
Frontiers in Psychiatry | www.frontiersin.org 9127
for EA and “dyslexia” or “dyslexic”, for EA and “OCD,” for EA
and “mood disorders,” or for EA and “epilepsy.” No potentially
relevant papers were found for EA and “mental disabilities” or
“mental disability,” or for EA and “clinical populations.” For EA
and “mental disorders,” five potentially relevant citations were
found in the search.

Thus, the initial list consisted of 128 references. After the first
phase of relevance screening, 70 citations were considered to
potentially meet the eligibility criteria based on title and abstract,
and the full-text articles were reviewed. In the second phase of
reviewing full texts, 34 papers were excluded. Among the
excluded papers, two mentioned measuring EA, but no results
regarding EA were reported, and two papers were not available.
During the full-text screening, the “snowball” search technique
resulted in two additional eligible papers. The updated search in
September 2019 produced two more potentially relevant
citations, one of which was found to be eligible and was
included. During the full-text screening phase, two studies
were excluded, as the current inclusion criteria referred to EA
as a measure comparing the subject’s perception to the target’s
own perceptions: one study (87) that used the term “empathic
accuracy” to refer to the “Reading the Mind in the Eyes” test
[RMET; (36)], and one (88) that referred to EA as the correlation
between a perceiver’s rating and a panel of judges’ ratings of the
emotions of the same target (and not the concordance between
the perceiver’s and the target’s rating). Thus, the final list of
papers selected for inclusion in the current review consists of 34
peer-reviewed papers. Figure 1 presents the search flow diagram.

Characteristics of Included Papers
EA Definition
An explicit definition or description of what the authors mean by
“empathic accuracy” was reported in all but four of the papers.
Most definitions/paradigms centered on the ability to accurately
judge the valence and/or content of emotions or thoughts
experienced by another person, mostly citing Ickes et al. (43),
Ickes (42), and Zaki et al. (44). However, there was some
TABLE 1 | Continued

Study Objective/Research Question Design and Participants EA paradigm Main conclusions regarding EA

ADHD seemed to be less easy to read than
the thoughts and feelings of TD targets.

Neurodegenerative Disease

Brown et al. (86) To investigate whether deficits in EA in
patients with neurodegenerative disease are
associated with greater depression in their
caregivers.

Two independent cross-
sectional samples (n=172,
n=63) of patients with a variety
of neurodegenerative diseases
and their caregivers (usually
spouses) vs. a nonclinical
control group of healthy
couples.

Dyadic
interaction

Lower EA in patients was associated with
higher depression in their caregivers.
In study 1, this relationship was found using
EA (after controlling for patient cognitive and
functional symptoms) and was not found
when using other more traditional tasks. In
study 2, the relationship was found after
accounting for caregiver characteristics that
have previously been associated with
caregiver depression.
1Participants watch films in which protagonists performed embarrassing actions and are asked to rate how embarrassed they feel (empathic embarrassment-EE) and how embarrassed
they think the protagonist feels. The participant’s ratings are compared with the protagonist’s own ratings to produce a measure of empathic embarrassment accuracy.
2Adolescents reported the intensity of anger and distress they perceived in staff members; staff members reported their own levels of anger and distress after each period of at least 1 hour
spent with the adolescent.
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divergence in how authors characterized EA. Some studies
referred to EA as a measure of cognitive empathy (53, 65, 73,
77, 83, 84). In contrast, some other authors mentioned that
because EA is the ability to correctly infer the emotional state of a
target, it has a relatively affective character (54, 75). Harvey et al.
(61) claim that EA is not solely a measure of mental-state
attribution (associated with cognitive empathy) or of
experience sharing (associated with affective empathy), but that
it is the product of these two processes [this definition was also
used by Martin-Key et al. (82)].

Clinical Populations
Included papers referred to EA in the following categories of
clinical populations and traits in high-risk, subclinical or
nonclinical populations: schizophrenia spectrum and psychotic
disorders (31%; 11 papers); ASD and autistic traits in a
nonclinical population (22%; eight papers); depression
measured in a nonclinical or high-risk population (14%; five
papers); social anxiety disorder (SAD), social anxiety, and trait/
state anxiety in a nonclinical population (8%; three papers); BPD
(5%; two papers); conduct disorder and callous-unemotional
traits (5%; two papers); and one paper in each of the following
categories: psychopathy; hypomania; attention deficit and
hyperactivity disorder (ADHD); bipolar disorder and
neurodegenerative disease. Two papers were assigned to two
categories, as they compared two clinical samples in the study
[an ASD group was compared to an ADHD group in Demurie
et al. (66); a bipolar disorder group was compared to a
schizophrenia group in Lee et al. (62)]. In most of the papers,
Frontiers in Psychiatry | www.frontiersin.org 10128
learning about the nature of EA in a clinical population was the
primary aim; thus, a between-group design was assigned,
comparing the clinical group to a matched control group. In
some of the studies, this was a secondary aim, as when EA was
part of a battery of tests to assess social cognition (62), or when
the primary aim was evaluating interventions (57, 67, 72, 73) or
evaluating the psychometric properties of an EA paradigm
(59, 60).

Clinical Sample Sizes
Of the final list of eligible papers, 23 (67%) reported studies done
directly on participants from a clinical population (i.e.,
participants have a diagnosis of one of the above-mentioned
conditions), while the rest referred to clinical traits in healthy,
nonclinical or high-risk populations. Of the 23 studies that
included participants with a clinical diagnosis, the largest
sample size was n = 173 [(59, 60)]; schizophrenia spectrum
and psychotic disorders category), and the smallest sample size
was n = 11 [(69)]; ASD category), with 48% (11/23) of the studies
based on n < 30. In the studies with nonclinical or high-risk
populations, samples were usually larger, with all studies but one
((67); n = 27) based on n > 30, and 6 of them with sample size of
n > 100 (see Table 1).

Male : Female Ratio
In six studies where EA was measured on clinical samples, there
was no representation of females (0 female participants; see
Table 1). In one study (BPD category), there was no male
representation. In the rest of the reviewed studies on clinical
Additional records identified 
through “snow-ball” technique

(n = 2)

Records identified through database 
searching
(n = 128)

Records screened
(n = 132)

Records excluded
(n = 62)

Full-text articles assessed 
for eligibility

(n = 70)

Full-text articles excluded for not testing EA 
or for not testing EA as correspondence between 

a target and a perceiver 
(n = 36)

Studies included in the 
review

(n = 34)

Additional records identified in a 
follow-up search

(n = 2)

FIGURE 1 | Studies search flow diagram.
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populations, the male to female ratio was in favor of male
participants and ranged from 1.2:1 to 16:1. Aggregating the
number of all participants diagnosed with a disorder from one
of the above categories across studies reveals a male-to-female
ratio of 2.9:1, with 887 male and 306 female participants. In the
studies on nonclinical or high-risk populations, in one study
[(67); ASD and autistic traits category] all participants were
males; in one study [(72)]; Depression measured in a
nonclinical or high-risk population category) all participant
were females; in six studies the number of male and female
participants was even; and in the remaining two studies more
females than males participated. When aggregating numbers of
all participants in the 10 nonclinical studies, the male:female
ratio was 1.16:1. The male:female ratio also differed among
categories of clinical condition. As can be seen in Figure 2,
while studies on psychopathy, ADHD, conduct disorder and
callous-unemotional traits, schizophrenia spectrum and
psychotic disorders, and ASD and autistic traits relied more on
male participants, studies in the categories of depression
Frontiers in Psychiatry | www.frontiersin.org 11129
(depressive traits in a nonclinical or high-risk population),
SAD, social anxiety and trait/state anxiety, BPD and risk for
Hypomania relied more on female participants.

EA Paradigm Used
Most of the studies (22 papers) were based on the emotional
story inferring paradigm (or similar); about a third (10 papers)
were based on the dyadic interaction paradigm; one study relied
on the diary procedure; and one study utilized a similar
procedure to that of the daily diary, though slightly modified.

Limitations mentioned by researchers were mainly a small
sample size, underrepresentation of females in the sample,
comorbidity with other conditions, use of medications, and a
lack of ethnic diversity among targets.

Publishing Year
Although we did not limit the search years, all included papers
were published between 1997 and September 2019, with 82%
(28/34) published after 2010.
ADHD
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FIGURE 2 | Distribution of studies by clinical population category. Percentages refer to the percentage of papers on that population out of all papers in the current
review, and colors refer to the male:female ratio. In blue, categories with overall more males than females among all participants (in all studies together). In yellow,
categories with overall more females than males among all participants. The darker the color, the more pronounced the underrepresentation for females, with darker
blue = 0 females, lighter blue = a ratio of more than 3:1, lightest blue = a ratio of more than 2:1, and gray = a ratio of less than 2:1. Specific male:female ratios for
each category are reported under “Specific Results per Clinical Population”.
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Specific Results per Clinical Population
Table 1 presents the characteristics, main objective, findings, and
conclusion of each of the studies included in this review.

In the following section, we review the main findings from the
papers included, organized by clinical populations or clinical
traits. Categories of clinical populations/traits are presented
according to the number of relevant studies found, from the
categories with a larger number of studies to those with the
fewest. Two exceptions are categories that include papers
referring to two different clinical conditions in the same
comparative study. In these cases, the category of the clinical
condition with the smaller number of studies will follow the
category with the larger number. These cases will be explicitly
noted when presenting the new category.

Schizophrenia Spectrum and Psychotic
Disorders
Thirty-one percent (eleven papers) of the studies included in the
current search focused on EA in the context of schizophrenia and
psychotic disorders. In five studies (53, 56, 58, 61, 63), a group of
participants with schizophrenia was compared with a nonclinical
control group. In Lee et al.’s study (62), a schizophrenia group
was compared to both a nonclinical control group and a group of
participants diagnosed with bipolar disorder (see below). In de
Jong et al.’s study (54), a group of violent participants with a
psychotic disorder (a primary diagnosis of schizophrenia or
schizoaffective disorder) was compared to a nonviolent
psychotic disorder group and to a nonclinical control group.
One study (60), which aimed to evaluate psychometric properties
of EA and other paradigms to inform possible use in clinical
trials, used both a between-group design (schizophrenia group in
comparison to nonclinical control group) and a within-subject
(test-retest) design in the schizophrenia group. Olbert et al. (59)
applied a within-subject design in order to examine the
relationship between EA (and other social-cognitive paradigms
adapted from social neuroscience) and functionally meaningful
outcomes in schizophrenia. Davis et al. (57) assessed whether
oxytocin would enhance the effectiveness of a psychosocial
intervention—applied both before and after treatment with a
double-blind drug administration design. Harenski et al. (55)
compared criminal offenders with psychotic disorders to
criminal offenders with no history of psychotic disorders and
to a nonclinical nonoffenders control group. Within the first
group, psychotic offenders with a history of suicide attempts
were compared to psychotic offenders without such a history. In
all studies but one, the EA tests were based on Zaki et al. (44),
where EA assessment is based on the valence rating of a target’s
emotional states while s/he tells an autobiographical emotional
story. In Harenski et al. (55), participants watched video clips in
which people described autobiographical events, and
participants indicated the content of emotions the people most
likely experienced during the event, and additionally ranked the
emotions (84).

The number of participants with schizophrenia ranged from
15 (61) to 173 [(59, 60)]—two studies based on the same sample),
with the control groups usually similar to or smaller than the
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schizophrenia group. In three studies (54, 55, 57) all participants
were males. In all the other studies there were more male
participants than female participants, with a male:female ratio
ranging from 1.2:1 (62) to 6.5:1 (61).

A synthesis of findings and conclusions from all studies
together indicates reduced overall EA abilities in people with
schizophrenia spectrum disorders in comparison to nonclinical
controls. This is a robust finding that holds cross-culturally (53,
54, 56, 61–63). The EA impairment in schizophrenia is not easily
explained by attention or motor deficits (61), and no correlation
was found between EA performance and schizophrenia
symptoms (63). Also, no significant effects of gender or gender
by diagnosis were found on EA (58). However, the valence of the
content that targets convey and participants need to infer may be
an important variable that moderates results: In one study (58) it
was found that the EA impairment in schizophrenia is specific to
negative content, while in positive content participants with
schizophrenia scored similarly to controls. Interestingly, this
difficulty understanding others’ negative affect was associated
with lower indices of social support. Harvey et al. (61) found that
participants with schizophrenia were more impaired than
controls in EA in the context of negative videos compared with
positive videos. In Lee et al. (63), both groups showed better
accuracy for positive valence; however, participants in the
schizophrenia group demonstrated impairment in the positive
as well as in the negative valence stimuli.

Findings also indicate that EA is a sensitive measure that
captured a group difference between individuals with
schizophrenia and controls, even where other tasks (e.g.
RMET) did not (58). EA differentiated not only between
people with schizophrenia and healthy individuals, but also
within a group of patients with a psychotic disorder, EA
differentiated between those with and without a violent history
(54), and between psychotic offenders with and without past
suicide attempts, and nonpsychotic offenders and nonclinical
controls (55), where lower EA was associated with a greater
likelihood of a past suicide attempt, beyond other risk factors
such as depression and substance use. EA was found to be a
sensitive differentiating measure in such cases even when other
measures (such as ToM, “understanding the other’s mind”) were
not (54). In a research project evaluating the psychometric
properties of four different social-cognitive paradigms adapted
from social neuroscience (basic biological motion, emotion in
biological motion, self-referential memory and EA) that were
administered to participants with schizophrenia, EA had the
broadest external validity (59). The other examined paradigms
all had limitations for use in clinical trials, at least without further
adaptation (60).

Similar to findings from the general population, associations
between EA measures and self-report empathy measures from
questionnaires in participants with schizophrenia were found to
be weak (53, 56, 63). This might suggest a discrepancy between
subjectively experienced empathy and actual empathy
performance in a dynamic, interpersonal task. Another
possible explanation is that the EA measure captures a certain
aspect of empathy, while questionnaires [in these cases: IRI; (32);
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QCAE, (89)] capture a different aspect. This lack of a significant
correlation between EA tasks and empathy self-report
questionnaires, alongside the fact that other tasks designed to
measure empathy did not always differentiate between
participants with schizophrenia and controls (54, 58) may also
indicate that at least some aspects of empathy are intact in
schizophrenia. It seems that people with schizophrenia do not
respond to others’ greater emotional expressivity as much as
healthy individuals do (53, 61, 63). Level of expressivity of the
targets in all these studies was based on their score on the
Berkeley Expressivity Questionnaire [BEQ; (90)], a self-report
questionnaire that assesses tendencies to experience and express
strong emotions in general (example items: “Whenever I feel
positive emotions, people can easily see exactly what I am
feeling”; “I sometimes cry during sad movies”; “I’ve learned it
is better to suppress my anger than to show it”; “I am an
emotionally expressive person”. Van Donkersgoed et al. (53)
found that with less expressive targets, participants with
schizophrenia and controls had similarly low EA scores, but
with more expressive targets, the control group performed better
on EA than the patients with schizophrenia. On the neural level,
it was found that expressivity elicited activity in specific regions
more powerfully in controls than in participants with
schizophrenia (61). Lee et al. (63) found that although both
schizophrenia and control groups showed greater EA for more
expressive targets, this effect was significantly smaller in
schizophrenia participants. What seems to improve EA
performance in schizophrenia is oxytocin: Participants
assigned to oxytocin demonstrated significantly greater
improvements than placebo on the measure of EA [but not on
other social-cognitive measures; (57)].

Lastly, two studies utilized fMRI (61) and structural MRI (55)
scans. Supporting the idea that both mental-state attribution and
experience-sharing processes contribute to EA, Harvey et al. (55)
found that in healthy controls, EA was associated with increased
activity in brain regions typically linked to cognitive effort (i.e.,
lateral PFC), visual attention (i.e., parietal and occipital cortices),
socioemotional processes, including mental-state attribution
(i.e., mPFC, precuneus, posterior cingulate), experience sharing
(i.e., inferior frontal, inferior parietal), and social context
processing (i.e., parahippocampal gyrus). However, in
participants with schizophrenia, the pattern of accuracy-related
brain activity was relatively sparse (61). Harenski et al. (55)
found that offenders with psychotic disorders and suicide
attempts demonstrated lower EA and had smaller temporal
pole volumes relative to controls, to nonpsychotic offenders
and to psychotic offenders without past suicide attempts (this
association was significant independent of other risk variables).

Bipolar Disorder
One of the studies described in the schizophrenia category (62)
was a comparative study aiming to determine the relative extent
of impairment in social (and nonsocial) cognitive domains in
individuals with bipolar disorder compared with schizophrenia
patients. EA was thus a part of a battery measuring social
cognition within these two groups and in a nonclinical control
group. Participants in the bipolar group did not differ from
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comparison participants on EA, nor in each of the other social-
cognitive tasks, whereas schizophrenia patients showed impaired
social-cognitive performance compared with both bipolar
patients and the control group. Bipolar disorder was found in
this study to be associated with less impairment on social relative
to nonsocial-cognitive performance, whereas schizophrenia was
associated with more impairment on social relative to nonsocial-
cognitive performance.

ASD and Autistic Traits
Twenty-two percent (eight papers) of the studies that were found
in the current search focused on EA in the context of ASD or
autistic traits. In five of them (64, 68–71), a group of participants
with ASD was compared with a nonclinical control group. In one
study (66), a group of participants with ASD was compared to
both a nonclinical control group and a group of participants
diagnosed with ADHD. In two studies (65, 67), autistic traits
were assessed in nonclinical samples. In five studies (66, 68–71),
participants were mostly high-functioning individuals
(sometimes defined as Asperger’s syndrome, or PDD). EA
measurement was based on a dyadic interaction paradigm,
with perceivers asked to infer the content of the targets’ mental
states (43, 91). In Demurie et al. (66), one of the targets featured
in each filmed interaction was diagnosed with ADHD while the
other was a typically developed participant. In Ponnet et al. (69),
all members of dyads who participated as targets also
participated later as participants for measuring EA; each dyad
included a participant with ASD and a typically developed
participant. Two studies (65, 67) relied on Zaki et al. (44),
where EA assessment is based on the valence rating of a
target’s emotional states while s/he tells an autobiographical
emot iona l s tory . One s tudy focused on empath ic
embarrassment accuracy among individuals with ASD in
comparison to the control group, using a similar paradigm
(64). One study (67) aimed to test whether variance in social
proficiency moderates the effects of oxytocin on social-cognitive
performance, applying a randomized, double-blind, placebo-
controlled design: Participants completed a questionnaire
measuring autistic traits [AQ; (92)] and then self-administered
intranasal oxytocin or a matching placebo before completing an
EA task. EA scores were then compared between the
experimental and the control (placebo) group.

The number of participants with ASD ranged from 11
participants (69) to 24 participants (70), with the control
groups usually the same size, or slightly larger. Females were
generally underrepresented in all six studies with participants
with ASD: The number of female participants with ASD ranged
from 0 (68) to 5 (71), resulting in an overall male-to-female ratio
of around 10:1. In the two studies that were based on a
nonclinical sample (65, 67), sample sizes were larger (n = 100;
n = 27). In aan het Rot and Hogenelst’s study (65), the male-to-
female ratio was 1:1, and in the Bartz et al. study (67), all
participants were males.

The synthesis of the findings and conclusions from all the
studies together shows that individuals with ASD exhibit a deficit
in EA abilities (64, 66, 68–71). More pronounced autistic traits in
typically developed individuals were also associated with poorer
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EA abilities (65, 67). However, this may be true only for
individuals who have more autistic traits as well as less trait
affective empathy (5). Additionally, this association was found to
be moderated by the hormone oxytocin: Bartz et al. (67) showed
that oxytocin selectively improved EA for people with more
pronounced autistic traits. In this study, participants with less
pronounced autistic traits performed better on the EA task in the
placebo condition and maintained this performance level in the
oxytocin condition, whereas participants with more pronounced
autistic traits performed worse in the placebo condition but
significantly better in the oxytocin condition, such that in the
oxytocin condition, the performance of participants with more
and less pronounced autistic traits did not differ. Roeyers et al.
(70) found that participants with ASD did not use more time
than the control group to complete the EA assessment, while in
Ponnet et al. (71), participants with ASD needed more time than
the controls to carry out the EA task.

Importantly, the measurement of EA in a naturalistic,
ecological paradigm captured the difference between the ASD
group and a control group when static mind-reading tasks did
not (71). Ponnet et al. (68) found that when participants were
presented with two filmed interactions, one more structured than
the other, participants with ASD demonstrated better EA
abilities on the more structured video than on the less
structured one, while no such difference was found in the
control group. Thus, the findings from both studies (68, 71)
emphasize the role of structure in bringing out empathic abilities
of individuals with ASD, indicating that they perform better in
more structured settings, tasks or situations. Ponnet et al. (69)
found that when participants with ASD who had to infer the
thoughts and feelings of a target in a videotaped interaction also
took part in these prerecorded interactions, they did not differ
from a nonclinical control group in their EA scores. The
researchers concluded that being in the interaction yields
higher EA scores than perceiving a social interaction without
participating in it (69). In terms of people with ASD, this may be
a result of the opportunity to review a social situation that was
previously experienced, hence reflecting practice and learning. It
is also possible that the interactive experience itself enhanced EA
due to attention, motivation or even bio-behavioral factors, such
as oxytocinergic influences. Roeyers et al. (70) noted that
although impairments in EA were observed among people with
ASD, the underlying mechanisms accounting for this remain
unexplained. They added that as the advanced EA measure
proved to be a valid alternative for the static tests, they believe
that future work incorporating the EA paradigm could expand
the research on deficient mind reading in ASD.

Attention Deficit and Hyperactivity
Disorder
In one of the studies reviewed above (66), adolescents with ASD
(n = 13) were compared to adolescents with ADHD (n = 13) and
to a nonclinical control group (n = 18) on EA performance, in a
dyadic interaction paradigm. In each dyad, one of two interacting
targets was a typically developing adolescent, and the other was
diagnosed with ADHD. Thus, participants with ADHD were
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examined in this study not only as subjects but also as the targets
for EA (participants with ASD were examined only as subjects/
perceivers). The study results demonstrate the impairment in EA
abilities of adolescents with ASD. Participants with ADHD
performed as an intermediate category between the ASD and
the control group in EA abilities: Their scores did not differ
significantly from those of the control group nor from those of
the ASD individuals. As targets, participants with ADHD were
less accurately understood than the typically developing
participants, and their thoughts and feelings seemed to be less
easy to read.

Depression Measured in a Nonclinical or
High-Risk Population
In 14% of the papers (five papers), the relationship between EA
and depressive traits or states in a nonclinical or high-risk
population was examined. Two studies (72, 73) used an EA
test based on the valence rating of targets narrating
autobiographical stories (44, 65). One of them (73) aimed to
examine the effects of reduced brain serotonin on EA, oxytocin
and mood in never-depressed individuals with low vs. high risk
for major depressive disorder. This study utilized a double-blind
cross-over design, with an order of treatment randomized by
gender and group (high vs. low risk, 10 males and 10 females in
each group, and two treatment conditions). The other study (72)
aimed to examine the impact of light therapy on mood and on
cognitive empathy in premenstrual women with symptoms
indicating a premenstrual disorder (PMS). The sample was
characterized by mild depression [assessed using the Quick
Inventory of Depressive Symptoms; (93)]. This study utilized a
participant-blind between-groups (two treatment groups) design
and included 48 females. In both studies, participants’ EA
performance was not affected by intervention. aan het Rot
et al. (72) found that the therapy improved mood (only in
women not using hormonal contraceptives), but found no
differential effects of light therapy on EA, even when potential
moderators such as valence (positive or negative) of the stimuli,
the target’s emotional expressivity, PMS severity, participants’
depression and contraceptive use were taken into account.
Similarly, Hogenelst et al. (73) found that the procedure used
to model reduced serotonin (acute tryptophan depletion; ATD)
did not significantly alter EA in the high-risk group, nor in the
control group. In both studies, participants obtained higher EA
scores when watching positive stimuli compared to negative
stimuli, but without moderating the overall results. To sum, in
both studies EA and depression were measured in the context of
an intervention aimed to target depression (light therapy, ATD),
and in both EA was not affected by the intervention.

The other three studies all used samples of romantic couples
[51 couples in Gadassi et al. (74)]; 267 couples in Papp et al. (75);
74 couples in Thomas et al. (76)). These studies measured both
EA and depressive symptoms and utilized a dyadic interaction
paradigm (Actor–Partner Interdependence Model). All three
studies measured EA using a lab procedure where couples are
videotaped while interacting (discussing a given topic or an issue
of conflict); then they separately review the recording, write the
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content of their own experienced mental states during the
interaction and infer their partner’s mental states. One study
(74) additionally utilized the daily diary procedure, measuring
both content and valence of the partner’s thoughts and feelings.
Thomas et al. (76) examined the predictors of EA and assumed
similarity (judgments of how closely linked partner emotions
are) in a sample of married couples, in the context of problem-
solving discussions, considering depression. They found no
association between depression and EA. It is interesting to
note, however, that lower levels of depression tended to
produce higher levels of assumed similarity. Based on the
procedure applied by Thomas et al. (74), Papp et al. (75) tested
partners’ EA and assumed similarity in marital conflict
interactions, and whether they are moderated by spouses’
levels of depressive symptoms. They found that higher levels of
depressive symptoms were associated with reduced EA for
negative emotions (among both males and females) and,
surprisingly, with increased EA for positive emotions among
females. Gadassi et al. (74) aimed to examine gender differences
in the association between depressive symptoms and
interpersonal perception. In the lab measures, they found that
females’ (but not males’) higher levels of depressive symptoms
were associated with lower EA. In the daily diary procedure,
females’ depressive symptoms were specifically associated with
lower levels of EA for negative (but not for positive) feelings, and
with lower levels of their partner’s EA for the females’ negative
feelings. Males’ depressive symptoms were again unrelated to
levels of EA. They concluded that when a woman is depressed,
first her own EA is lowered, and second, her partner’s EA when
trying to infer her emotional state is also lowered. This pattern
was valence-specific and gender-specific. Taken together,
findings from these three studies present some inconsistencies
regarding the association between EA and depressive symptoms
and indicate that the mechanism underlying this potential
association may be modified both by valence and by gender.

SAD and Trait/State Social Anxiety
Three studies examined associations between EA and social
anxiety. One study (77) compared 32 participants with a SAD
to a nonclinical matched control group. These researchers aimed
to compare cognitive empathy and affective empathy in
individuals with SAD to that of nonanxious controls. They
used an adapted version of an emotional story inferring
paradigm (44), adding to the procedure a measure of
“empathic congruence.” According to Morrison et al. (77),
while perceiver inference of the target’s emotional valence
provides a measure of cognitive empathy, a measure of
emotional empathy can be gained by examining the degree of
congruence between the target’s self-rating of emotion and the
participant’s self-rating of emotion. They found that
individuals with SAD did not differ from controls in
continuously rating how negative or positive they thought the
targets felt (i.e., in EA, cognitive empathy). However, they did
differ from controls in their empathic congruence (rating how
they themselves felt): For positively valenced (but not for
negatively valenced) clips, individuals with SAD exhibited
significantly lower empathic congruence.
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In the remaining two studies (78, 79), social anxiety was
measured in a nonclinical population. Auyeung and Alden
(78) examined whether individual differences in social anxiety
moderated EA. They randomly assigned 121 participants to an
experimental condition designed to increase state anxiety via
social threat or to a control condition; they then asked the
participants to observe videos of target individuals discussing
either a socially painful or a nonpainful event. Both targets and
participants rated the negative emotions that the targets were
feeling while discussing the event. The researchers found that
social anxiety was associated with higher EA for others’
negative social emotions (social pain), but only when
participants experienced social threat (under the social-
threat condition). Simpson et al. (79) tested how people with
more anxious-ambivalent attachment orientations [a
measure of anxiety in the context of relationships; (94, 95)]
react when potential alternative dating partners threaten their
relationship. Eighty-two dating couples inferred their
partner’s mental states from a videotaped interaction in
which they each rated pictures of opposite-sex individuals
for attractiveness. EA was operationalized in this study as the
degree to which one participant’s inference about the content
of each of his or her partner’s thoughts and feelings matched
the partner’s actual thoughts and feelings (by independent
coders). Highly anxious participants demonstrated higher EA
in this relationship-threatening situation. These more anxious
participants also showed greater relational instability when
they more accurately read their partners’ thoughts and
feelings, and their relationships were more likely to have
ended 4 months later, measured in a follow-up screening.
According to Simpson et al. (79), their findings demonstrate
that in relationship-threatening situations, anxious-
ambivalent individuals appear to be particularly vulnerable
to the negative implications of their partner’s thoughts
and feelings.

Borderline Personality Disorder
Two studies (80, 81) measured EA in the context of BPD. Both
utilized a dyadic interaction paradigm. Miano et al. (80)
measured EA in 30 romantic couples, with a female partner
diagnosed with BPD, in comparison to a control nonclinical
group of 37 couples. They aimed to investigate whether females
with BPD show inaccuracy during a relationship-threatening
conversation with their partner (the authors note that motivated
inaccuracy is a protective mechanism for couples in healthy
relationships during some relationship-threatening situations).
Their findings indicate that when facing a relationship-
threatening situation, couples in the control group
demonstrated inaccuracy, i.e., reduced EA. In contrast, females
with BPD tended to increase their EA compared with females in
the control group, in a relationship-threatening context. Male
partners of BPD females did not differ from males in the control
group in the EA pattern.

Flury et al. (81) aimed to explore the “borderline empathy
phenomenon,” i.e., the claim, suggested by clinical psychologists,
that patients with BPD are unusually accurate at “reading” other
people (23–25, 96, 97). The authors used an assessment of EA.
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They recruited 30 males and 46 females from a larger sample of
participants who completed the Borderline Syndrome Index
[BSI; (98)], and scored in the upper and lower quartiles, to
create a group of individuals at high risk for BPD and a low-risk
group. Participants were then assigned to same-sex dyads,
each composed of one “borderline” (high-risk) and one
“nonborderline” (low-risk) participant, and EA was measured
within this dyadic interaction paradigm. Researchers found that
the high-risk BPD dyad members displayed better EA than the
low-risk BPD dyad members, which seemed to support the
borderline empathy phenomenon. However, further analyses
[with the Actor–Partner Interdependence Model, APIM; (99–
101)] revealed that between those at high risk versus those at low
risk, these effects were not a consequence of greater abilities on
the part of the BPD participants, but poorer abilities on the part
of their partners, meaning that for high-BPD members, EA was
harder to predict and more difficult to infer by their partners.
The authors emphasize the importance of considering the fact
that “high BPD individuals do not have greater empathic ability;
they are simply harder to ‘read’.” [(81), p.326]

Conduct Disorder and Callous-
Unemotional Traits
Two studies evaluated EA abilities in the context of conduct
disorder in adolescents. In one study, Martin-Key et al. (82)
compared male adolescents with Conduct Disorder (CD) and
higher versus lower levels of callous-unemotional (CU) traits
(n = 37) and a nonclinical control group of male adolescents (n =
40), using an emotional story inferring paradigm. This study
employed a modified version of the EA task developed by Zaki
et al. (49) in order to draw three measures: the participants’
ability to track changes in the intensity of the target’s emotion,
i.e., EA; their ability to recognize the specific emotion displayed
by the target after watching the full video clip, i.e., emotion
recognition; and the participants’ reported experience of the
same emotion as the target, i.e., emotional empathy. They found
that relative to controls, participants with CD showed deficits in
emotion recognition and emotional empathy (deficits were
particularly evident for sadness, fear and disgust), but not in
EA. Comparison between the subgroups of high versus low CU
traits did not yield any significant differences in EA either.

In the second study, De Ridder et al. (83) assessed EA of male
institutionalized adolescents toward staff members, over eight
days, in 71 participants with high and low CU traits. Their
findings indicate that adolescents with high CU traits perform in
the normal range for anger recognition, and they are as accurate
as low CU in inferring distress among staff members. The
adolescents with high CU traits overestimated the intensity of
both anger and distress, in particular during their own
misbehavior. The authors suggest that this may reflect
overrelying on cognitive empathy ability, instead of their
impaired emotional empathy abilities. Thus, the two studies,
conducted using two different methods, in two different settings,
imply that in the context of conduct disorder, EA as a measure of
cognitive EA is intact (when the participant is asked to track the
intensity of the target’s emotion). However, accuracy in
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emotion recognition is impaired, as is the ability to accurately
share the affective experience of the target, as a measure of
emotional empathy.

Psychopathy
Surprisingly, only one paper (84) was found in the search to
study EA in psychopathy. This study aimed to examine the
relationship between psychopathy and cognitive empathy, with a
procedure similar to that of the emotional story inferring, using
standardized forced-choice response format for both the
videotaped targets and the perceivers (and not a continuous
rating scale). Findings revealed an inverse association between
psychopathy and EA scores, as well as robust group differences
between psychopathic and nonpsychopathic male inmates.

Risk for Hypomania
One study (85) measured the association between EA and high
risk for hypomania. The study included 121 participants (57%
females) and utilized an emotional story inferring paradigm. The
researchers examined how the risk for hypomania contributes to
the emotional experiences upon encountering another person’s
emotions and EA of that target’s emotions. The risk for
hypomania [assessed by The Hypomanic Personality Scale;
(102)] was found to be associated with heightened moment-
by-moment detection of positive emotions for targets describing
positive events, and with overestimating global positive emotion
for targets describing negative events. Hypomania risk was also
significantly associated with a higher positive emotional
experience after viewing a high-intensity negative emotional
story video, but not after viewing a low-intensity negative
video or high/low-intensity positive video.

Neurodegenerative Disease
Lastly, one paper (86) investigated the association between EA in
patients with neurodegenerative disease and their caregivers’
depressive symptoms. Across two independent studies (n =
172, n = 63), lower EA in neurodegenerative patients was
found to be associated with greater depressive symptoms in
their caregivers (who were mainly partners). This association was
found when accuracy was measured via caregiver report or with
a dynamic tracking task. Patients’ ability to recognize specific
emotions portrayed in photographs or films was not found to be
associated with caregivers’ depressive symptoms.
DISCUSSION

The current review aimed to scope the existing literature on EA
in clinical populations. An exhaustive systematic search yielded
34 peer-reviewed papers aiming to measure EA in a clinical
population or to assess links between EA and clinical trait or state
in a nonclinical or a high-risk population. Overall, the review
indicates a growing interest in the EA measure, a dynamic
ecological measure that enables greater sensitivity in detecting
between-group differences, and more nuanced characterization
of empathic functioning.
June 2020 | Volume 11 | Article 457

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


Rum and Perry Empathic Accuracy in Clinical Populations
An Overview and a Different View of the
Main Findings
While ASD and psychopathy are considered to be the two main
conditions traditionally associated with empathic dysfunction
(11), surprisingly, only one study was found to focus on EA in
psychopathy, and two more on conduct disorder in adolescents.
The category with the most studies found is schizophrenia (with
31% of the studies). Some of the studies assessed EA in people
with a diagnosed clinical condition, while others assessed clinical
states or traits in nonclinical or high-risk populations. EA was
measured in individuals from clinical groups for various
purposes: looking for between-group differences, evaluating
interventions and assessing measurements or tools.
Accordingly, various designs were used: clinical condition
group versus nonclinical control group, randomized or test-
retest designs and dyadic designs. Studies also varied in sample
sizes and male:female ratios, which will be further discussed.

Almost all studies utilized the emotional story inferring
paradigm (or similar), or a dyadic interaction paradigm. These
are difficult to compare as they were never used in the same study
and were usually used in different contexts or with different
populations. For example, the category with the largest number
of studies, schizophrenia and psychotic disorders, consists only
of studies based on the emotional story inferring paradigm, while
all studies focusing on romantic partners used dyadic
interactions. This may reflect the tendency of different research
groups to use different research paradigms. While there does not
seem to be an advantage of one EA paradigm over the other, each
has its advantages and limitations. The dyadic paradigm better
simulates real-life face-to-face interactions, and it can be used
with actual partners expressing emotions from their actual lives
together; however, each interaction will end up very different and
thus can be difficult to compare. Moreover, this paradigm
requires a more demanding coding and scoring process, and it
relies on the judgment of raters in assessing the similarity
between the target and the perceiver. The emotional story
inferring paradigm, on the other hand, is simpler and easier to
facilitate as a lab procedure, with the main advantage being the
use of the same stimuli for all participants. This can enable a clear
separation between the effects of target and perceiver
characteristics (as all perceivers see the exact same targets), but
it is by nature less ecological. The diary procedure is the most
ecological in the sense of having a longer temporal window in
which one can examine EA; however, it is suitable mainly for
couples, it is the hardest to manipulate and control, and it relies
heavily on the participants’ cooperation in their natural
environment. Thus, the review does not provide general
support for the use of a specific paradigm over the others, but
it suggests that scholars should consider the characteristics of
each paradigm in light of the research question, the clinical
population and the available resources.

Importantly, EA served as a sensitive measure that detected
between-group differences even when other paradigms such as
emotion detection from still pictures or ToM measures did not
(71) in ASD; [(54, 58) in schizophrenia], suggesting that EA, as a
complex ecological paradigm, better captures nuanced deficits.
Frontiers in Psychiatry | www.frontiersin.org 17135
However, it is also possible that EA traces a more specific aspect
of empathy impairment in these populations that is not captured
by the other tasks. A third potential explanation might be that
EA tasks are more difficult for these populations due to attention,
executive functions, or motor requirements. These observations
should be taken into account when planning future studies with
clinical populations, and tasks should be made simpler
when possible.

An interesting modification was added to some of the
reviewed studies, namely, asking participants to report not
only on the target’s assumed experience, but also on their own.
The authors could then assess not only how accurate participants
were in identifying the emotional state of the target, but also how
much they themselves shared the target’s affective experience.
This addition to the EA paradigm seems to be especially valuable
in clinical populations, where deconstructing the multifaceted
concept of empathy could contribute to a better understanding of
unique clinical profiles. For example, Martin-Key et al. (82)
found no impairment in the classic EA measure in study
participants with conduct disorder, but found a difference in
levels of shared experience, which they referred to as emotional
empathy. Similarly, Morrison et al. (77), who studied individuals
with SAD, measured both EA and empathic congruence,
comparing the subjects’ continuous rating of their own
emotion to the targets ’ ratings. They, too, found no
impairment in EA but did find significantly lower empathic
congruence in a group of individuals with SAD compared to a
nonclinical control group.

Overall, reduced EA was found in schizophrenia, ASD, and
psychopathy when compared with nonclinical control groups,
and also when compared to individuals with bipolar disorder (in
schizophrenia) or ADHD (in ASD). In the context of depression,
lower EA was found in the context of negative emotional content
(for both males and females), and in higher levels of depressive
symptoms in females, but not in males (74). However, other
findings indicated no correlation between depression and EA
(76)—and even, in certain contexts, an association between
higher depressive symptoms and higher EA (75). Negative
emotional content conveyed by the target was also associated
with lower EA in schizophrenia (58, 61), and this pattern may be
true for healthy individuals as well (63). Thus, it may be
concluded that negative emotional content is harder to infer
accurately, and that gender and clinical condition are among the
variables that moderate this specific difficulty. Other variables
found to be associated with lower EA were reduced social
support (58), the subjects’ history of violence (54), smaller
temporal pole volumes and past suicide attempts (55). Note,
however, that all the above were inferred from the schizophrenia
cohorts and may not apply to the general population.
Importantly, reduced EA was also evident when participants
were asked to infer the thoughts and feelings of targets with
ADHD (66) or with BPD (81), meaning that individuals with
these clinical conditions were “harder to read.” This pattern is
demonstrated specifically for depressive tendencies of females
within marital relationships, where depression in females was
found to be associated with reduced EA in both the females and
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their partners (74). Interestingly, this was not the case for targets
with ASD, who did not differ from TD targets in their
“readability” [i.e., did not yield lower EA scores in
perceivers; (69)].

A clinical condition that has been hypothesized to be
associated with enhanced EA is BPD (23–25, 96, 97). Miano
et al. (80) found support for this hypothesis only in females in a
romantic relationship setting, and specifically in a relationship-
threatening situation. However, Flury et al. (81) remind us that
when comparing between a clinical and a nonclinical group
within a dyadic setting, EA scores are relative and are not
independent. If one group gets a higher score than the other, it
may imply better EA, or it may hint at more difficulty
inferring from the clinical group as targets. Indeed, after
utilizing an Actor–Partner Interdependence Model, that was
the authors’ conclusion.

A clinical population that does seem to exhibit enhanced
EA is SAD, specifically under the experience of social threat
(78) or when in a relationship-threatening situation (79).
These findings imply better performance under social threat,
which may be explained by higher arousal, greater attention
or higher motivation in such situations. It is important to
note that higher EA may not always be an advantage. For
example, Miano et al. (80) claim that the pattern of
empathic inaccuracy that they found among participants
with a low risk for BPD is an adaptive skill in a
relationship-threatening situation.

EA performance was improved by oxytocin in schizophrenia
(57) and in people with more pronounced autistic traits (67).
Feldman et al. (103) found that face-to-face synchronized
parent-child interaction had the effect of normalizing oxytocin
level in children with ASD, and keeping it high during social
contact. This role of social interaction in elevating oxytocin levels
in individuals with ASD, alongside the findings on the
association between oxytocin and improved EA performance,
may relate to the next variable that was found to be associated
with better EA functioning in ASD: participation.

In ASD, it was found that participating in the same dyadic
interaction that they later had to rate contributed to better EA,
compared to inferring from passive observation (69). This could
indicate an advantage for the participation itself (over
observation), an advantage for learning and rehearsing, or
both. Higher arousal, immediate feedback, attention and
motivation may also explain this effect. Another variable that
was found to be associated with improvement in EA abilities
among participants with ASD was the extent to which the
situation was more or less structured, i.e., how clear and
predictable the social interaction was. ASD participants
specifically benefited from a structured versus unstructured
situation (68). Thus, in order to better characterize EA in ASD,
it is desirable to simulate the complex, dynamic and unstructured
daily social interactions, while in planning intervention
programs it may be of great value to take into account the
potential importance of participation and the role of a structured
social situation in encouraging the EA abilities of people
with ASD.
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Given the dyadic nature of empathy, both the target and the
perceiver contribute to EA. The perceiver’s ability to accurately
infer the target’s thoughts and feelings depends not only on his/
her states and traits but also on the various characteristics of the
target, such as expressivity and motivation. Though some studies
referred to such “target effects” on EA [e.g., (53, 63, 66, 75)],
much of the reviewed literature emphasized the perceiver’s side.
Specifically, many studies were designed to investigate whether a
clinical condition affects the perceiver’s EA performance [e.g.,
(54–56, 58, 64, 65)]. Another interesting question that is highly
relevant on both a social and a clinical level is how a clinical
condition of a target affects the way perceivers understand the
target’s emotional state. Moreover, a target–perceiver interaction
effect must also be considered. Such questions relate to the
growing literature on “the double empathy problem,” which
stresses that it’s not only autistic people who struggle with
empathy—neuro-typical people also struggle to understand the
minds of autistic individuals and empathize with them (104,
105). Such ideas challenge the traditional framing of autism as
entailing empathic dysfunction. EA measures can be helpful in
investigating this dyadic nature of empathy, as they rely on both
the target and the perceiver’s reports. Such directions are
suggested by the findings of Flury et al. (81) on BPD patients’
“readability,” and of Demurie et in the context of ADHD, and
may be of great value in the study of other clinical conditions
as well.

We suggest that these variables, discussed in the context of
either impairing or enhancing EA, can be further classified as
subject variables (e.g., the clinical condition, clinical profile,
biological characteristics, previous experiences, participation,
social support), target variables (such as expressivity, content
conveyed, clinical condition and specific profile), and situational
variables (e.g., structured vs. unstructured, threatening, familiar).
Within this framework, wherein the subject, the target or the
situation can influence EA results, it may be valuable to consider
additional variables in future research on empathy in clinical
populations. One such variable that was barely directly addressed
in the reviewed papers, yet was very pronounced in the process of
synthesizing the findings, is gender.

The current review reveals a general underrepresentation of
female participants in studies on clinical populations, and a slight
underrepresentation for males in studies aiming to evaluate
clinical traits or states in nonclinical or high-risk samples. This
finding may reflect either a trend in research questions and aims,
recruitment challenges (sometimes due to male:female ratio in a
specific condition) or both. One consequence of this trend is that
while in nonclinical studies gender differences can be (and
sometimes are) examined, in studies based on clinical samples,
the associations between EA, gender and clinical condition are
hardly addressed. For example, without considering the male:
female ratio of participants in each study, one might conclude
that EA is impaired in ASD, schizophrenia, psychopathy and
conduct disorder, and that EA is intact in bipolar disorder,
enhanced to some extent in borderline disorder, and that in
SAD the dysfunction is due to a lack of protective inaccuracy. But
a closer look at the gender of participants in each category reveals
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that while studies in ASD, schizophrenia, psychopathy and
conduct disorder were done mostly on male participants,
research on BPD and SAD relied more on female participants.
To date, in most studies on clinical populations, the sample size
is not large enough to address this question, with the recruitment
of clinical participants and specifically females constituting one
of the main challenges limiting the studies, as researchers
themselves often note (57, 61, 64, 67).

We believe that findings regarding gender, clinical phenotype
and EA interactions may have important clinical implications. For
example, Gadassi et al. (74) state that according to their findings,
when females are depressed, their romantic relationship suffers
doubly: first, because their own EA is lower, and second, because
their partner’s EA is also lower. In contrast, when males are
depressed, neither their own nor their partner’s levels of EA
change. In the field of autism research, for example, there is a
growing understanding that the male:female ratio might be
different than previously assumed (106–108). New research
indicates that females with autism are underdiagnosed and
understudied, due to lack of knowledge on the ASD female
phenotype, and perhaps to the “camouflage effect” [an hypothesis
that females with ASD are better at camouflaging their social
deficits; (109)]. Along these lines, we encourage future studies to
take gender into account, and call for a deeper investigation of a
potential clinical profile, EA and gender interaction.

Lastly, we want to draw attention to a group of studies
focusing on EA in the context of violent or aggressive behavior
in intimate relationships. These studies did not appear in our
systematic search based on the chosen search-words but were
brought to our attention by a reviewer, and we agree that they are
of clear relevance to this review, as aggressive behavior may relate
to various clinical conditions (16). For example, Schweinle et al.
(110) investigated whether husbands’ wife-directed aggression is
related to unusual accuracy (hypersensitivity), or to a bias to
infer criticism or rejection inappropriately when they infer
women’s thoughts and feelings. They used a procedure similar
to the dyadic interaction paradigm to assess EA: videotapes
depicting female clients participating in a simulated individual
psychotherapy session with the same male therapist, focusing on
intimate relationships. Each client watched her filmed therapy
session and wrote down her thoughts and feelings through the
session [originally developed by Marangoni et al. (91)]. The
study’s participants (all males) were asked to infer the client’s
thoughts and feelings while watching the videos. Then
independent raters rated the similarity between the client’s
self-report and the participant’s inferences of her thoughts and
feelings. The results revealed that the greater the husbands’ bias
to overattribute criticism and rejection to the thoughts and
feelings of women they had never met, the more they reported
behaving in a verbally aggressive way toward their own wives.
The men’s overattribution bias, i.e., inaccurately inferring that
women’s thoughts and feelings are critical or rejecting of their
male partners, was related not only to aggression against their
wives but to the men’s insecure attachment style [see also
Clements et al. (111)]. An interesting future research direction
may be to study both the violent individuals’ EA and their
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clinical profiles. Such an investigation can also examine whether
the association between the aggression and the EA profile is
unique to the intimate relationship context, or if it reflects a more
pervasive personality characteristic.

Strengths and Limitations of the Current
Review, and Suggestions for Future
Research
To ensure a broad search of the literature, the search strategy
included PsycNET and PubMed, as well as the snowball
technique (also using Google Scholar search engine), and
an updated search was performed in September 2019. This
review may not have identified all published papers on EA in
clinical populations despite attempts to be as comprehensive
as possible. Thus, the main limitation of this study is the
possibility that the review may have missed some relevant
papers, as the search included many words and terms, and it
was spread over many clinical populations and research
fields. We did not review unpublished studies such as
dissertations, which may have contributed additional
knowledge. Exclusion of the gray literature from the search
and exclusion of studies published in a language other than
English has probably left some valuable information outside
the scope of this review.

As our aim was to present an overview of the existing
literature on EA in clinical populations, we included all eligible
peer-reviewed studies, regardless of methodological quality.
Future research should address the methodological issues and
aim for a meta-analysis of suitable and well-designed studies.
This may be of great value in light of the small sample sizes
typical of studies on clinical populations.

It seems that the study of EA in clinical populations could
benefit from a modified measure that can capture both EA and
empathic congruence (77), or accuracy in sharing the affective
experience (82). On the other hand, it is reasonable to assume
that clinical populations are even more susceptible than
nonclinical populations to the length of a task/fatigue effects,
and both those considerations must be taken into account when
planning a study evaluating EA in a clinical sample.

Research on EA in clinical populations has added to the
accumulating knowledge on the price one pays for not accurately
understanding others’ affective and mental states. Another
interesting and potentially important question refers to the
experience of the targets when they are not being understood.
We have learned that low EA is associated with depression in the
partners of the clinical patients with low EA (74, 75, 102). Thus,
people who are not accurately understood on a daily basis suffer
from the other, less-studied side of the EA model. Therefore,
future studies could benefit from not only examining EA in a
relevant clinical population, but exploring the effects of EA
difficulties on spouses, family members and other social
partners as well. It would also be relevant to examine
individuals with clinical conditions not just as subjects or
perceivers but also as targets of EA, i.e., to study not only how
accurate individuals with social deficits are at understanding the
other and sharing their emotions, but how accurately they are
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being understood by others, and possible associations with
well-being.

To the best of our knowledge, this is the first review of the
existing literature on EA in clinical conditions, states and traits. It
reveals a growing interest in using these measures to deepen our
understanding of clinical profiles, and it indicates that EA
assessments have the potential to capture unique and subtle
characteristics of empathic function and dysfunction. It also
points to the paucity of existing studies on EA in the context
of most clinical conditions. Due to the variance between and
within clinical populations, and the variety of research aims,
designs and methods across existing studies, it is difficult to draw
robust meta-analytic conclusions regarding the nature of EA in
clinical populations. A promising future research direction
would be to integrate the cumulative knowledge on EA in the
general (nonclinical) population with emerging data from
clinical populations. For example, in the studies reviewed here,
anxiety was found to be associated with enhanced EA in a
relationship-threatening situation ((79); see also 93 for similar
results with BPD). Ickes & Simpson (112) refer to motivational
inaccuracy as protective in intimate relationship under certain
circumstances of threat to the relationship, and it seems that
anxiety and BPD are associated (perhaps only in females) with
not applying this protective behavior. An alternative explanation
is that enhanced EA is associated with enhanced alertness,
sensitivity or arousal, which may characterize BPD patients as
well as anxious individuals and individuals under threat [support
for such an interpretation also can be found in Auyeung and
Alden (78), and Devlin et al. (85)]. This interpretation may
account for Ponnet et al.’s finding in which participants with
ASD did not differ from a control group in their EA scores after
participating in an interaction with the target (69). It may be that
real face-to-face interactions cause increased alertness and
arousal, and these facilitated EA. More research is needed in
Frontiers in Psychiatry | www.frontiersin.org 20138
order to disentangle the role of personality traits and emotional
states in EA in both clinical and nonclinical populations.

In summary, EA is an important measure, paradigm and
concept in empathy research in the context of clinical
populations. Though some limitations to the use of specific
tools for measuring EA in clinical populations need to be
considered, it seems that EA paradigms are promising for
measuring outcomes and discriminating clinical from
nonclinical populations, and subgroups within clinical
conditions, even when other paradigms fail to do so. It may be
that with further advances in research, EA paradigms could be
used as a screening tool, and maybe even in training and
practicing empathic abilities. In future research on EA in
clinical populations, we suggest addressing understudied
populations, such as psychopathy. Subject, target and
situational variables should be considered, with special
attention to gender differences (and similarities), the
association between EA abilities and adaptive functioning, and
the study of individuals with clinical conditions as targets of EA.
These avenues of investigation may promote a better
understanding of the nature of EA, of specific clinical profiles
and of social attitudes toward people with clinical conditions.
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A common interpretation of the face-processing deficits associated with autism spectrum
disorder (ASD) is that they arise from a failure to develop normative levels of perceptual
expertise. One indicator of perceptual expertise for faces is the own-age bias,
operationalized as a processing advantage for faces of one's own age, presumably due
to more frequent contact and experience. This effect is especially evident in domains of
face recognition memory but less commonly investigated in social-emotional expertise
(e.g., facial emotion recognition; FER), where individuals with ASD have shown consistent
deficits. In the present study, we investigated whether a FER task would elicit an own-age
bias for individuals with and without ASD and explored how the magnitude of an own-age
bias may differ as a function of ASD status and symptoms. Ninety-two adolescents (63
male) between the ages of 11 and 14 years completed the child- and adult-face subtests
of a standardized FER task. Overall FER accuracy was found to differ by ASD severity,
reflecting poorer performance for those with increased symptoms. Results also indicated
that an own-age bias was evident, reflecting greater FER performance for child compared
to adult faces, for all adolescents regardless of ASD status or symptoms. However, the
strength of the observed own-age bias did not differ by ASD status or severity. Findings
suggest that face processing abilities of adolescents with ASD may be influenced by
experience with specific categories of stimuli, similar to their typically developing peers.

Keywords: face processing, perceptual expertise, own-age bias, emotion recognition, autism spectrum
disorder, adolescents
INTRODUCTION

Individuals with autism spectrum disorder (ASD) demonstrate impaired categorization of the
emotional facial expressions of others (1–3). Some have hypothesized that this characteristic deficit
may arise from a failure to develop normative levels of face-relevant perceptual expertise (4–6).
Face-relevant expertise develops with frequent and recent experience (7–9), resulting in improved
performance on behavioral tasks of recognition memory and emotion identification for faces of
one's own age compared to faces of another age, known as the own-age bias [OAB; (10–12)]. Thus, if
g June 2020 | Volume 11 | Article 4281142
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ASD-related deficits in FER can be explained by a failure to
develop normative levels of face-relevant perceptual expertise,
then people with ASD may not be expected to demonstrate an
OAB to the same extent as their peers. However, whether such a
bias occurs among individuals with ASD to the same extent as
their peers has not been tested. The current study addresses
this question.

Although the magnitude and universality of emotion perception
deficits associated with ASD have been debated [see (1, 13) for
review], recent meta-analyses support the presence of behavioral
deficits in facial emotion recognition (2, 3). Early accounts of these
deficits posited that observed group differences in performance may
have been driven by difficulty in processing negative (14) or threat-
relevant (i.e. fearful) emotions (15, 16). However, more recent work
indicates that individuals with ASD perform worse than typically
developing individuals on tasks of facial emotion identification and
recognition across all six basic emotions (2, 17). These deficits
appear to be particularly pronounced during the completion of tasks
that require judgments related to more subtle expressions of
emotion [(5, 18); but also see (19)]. Additionally, eye tracking,
electrophysiological, and neuroimaging data suggest atypical
attentional and cognitive processing of emotional faces by
individuals with ASD (20–22).

One explanation of FER deficits in ASD is that those with
ASD fail to develop normative levels of face-relevant perceptual
expertise (4, 6). For typically developing individuals, increased
experience with categories of face stimuli, such as human faces
compared to macaque faces (23), confers an expert level
processing advantage for stimuli of that category (8, 24). This
advantage is related to the ability to integrate previously
experienced exemplars into prototypic mental representations
(9, 25) and engage in configural processing (26). Individuals with
ASD, on the other hand, have failed to demonstrate many of
these same markers (27, 28). Moreover, developmental studies of
facial emotion recognition have noted that deficits in FER for
individuals with ASD increase with age, observing the greatest
divergence between group performance trajectories in adulthood
(5, 29, 30), when typically developing individuals demonstrate
expert performance levels. Together these patterns of findings
suggest that face-relevant perceptual representations of
individuals with ASD may not be as sensitive to experience as
those of their typically developing peers.

The idea that face-relevant perceptual experience leads to
expertise is demonstrated in the own-age bias (OAB). The OAB
constitutes a processing advantage for own- compared to other-
aged faces that is contingent upon greater contact with
individuals of one's own age (11, 12). This bias is dependent
upon differential experience with face age (31, 32), is reduced by
visual exposure training of other-aged faces (33), and has been
reliably observed in both tasks of face recognition memory (11)
and FER (10, 34). As is true of many indicators of perceptual
expertise, the OAB is also reflected in differential patterns of
visual attention to own-age faces (35–39) and the recruitment of
specialized cortical networks when processing own-age faces
(36, 40).
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The OAB likely reflects the influence of increased contact and
visual experience with faces of one's age cohort (11; for an
alternate account see 41); thus, signaling ongoing plasticity in
perceptual representations as they adapt to the changing facial
structures of peers over time. This is in contrast to a processing
advantage for adult faces regardless of one's own current age that
would be predicted if age biases in FER were due to cumulative
lifetime visual experience. Exceptions to OAB in the literature
support this account; for example, infants who spend most of
their time with adults show a processing advantage for adult
faces (42) and teachers working with young children are equally
accurate in identifying child and adult faces (33).

The same principle underlying the OAB is demonstrated in
the other-race effect (ORE). The ORE constitutes a processing
advantage for own- compared to other-race faces that is
contingent upon greater contact with individuals of one's own
race (see 43 for review). However, unlike the OAB, the ORE
likely reflects a summation of visual experience across
development, not merely the most recently encountered
exemplars (43). Findings from the ORE literature suggest that
individuals with ASD may indeed be sensitive to cumulative
visual experience with faces, reflected in greater performance
accuracy for own- compared to other-race in tasks of facial
recognition memory (44, 45). Although, this has not always been
replicated (46, 47). Furthermore, it remains unknown whether
such effects extend to tasks of FER, where individuals with ASD
demonstrate increased impairment (1).

To date, no work has examined whether the strength or
direction of the OAB varies for individuals with ASD. In order to
better understand the role of experience in face processing for
individuals with ASD, the present study aimed to explore
whether adolescents with and without ASD would evidence an
OAB while completing a task of FER; that is, demonstrate greater
performance accuracies in emotion identification for own-age
compared to other-age faces. Given the well-documented deficits
in FER (1–3), we predicted that individuals with ASD would
demonstrate poorer FER accuracy compared to controls
regardless of the stimulus face age or emotion. We also
predicted that individuals with ASD would demonstrate
greater performance deficits across all four emotions compared
to their typically developing peers, regardless of stimulus face
age. Based on previous findings (11), it was predicted that
adolescents without ASD would demonstrate an own-age bias.
Due to conflicting evidence on whether individuals with ASD are
as sensitive to visual experience with faces (27, 44, 45, 47),
analyses related to how the magnitude of any observed OAB
would be attenuated by ASD status and severity or differ by
emotion were considered exploratory in order to support future
hypothesis generation; thus, no specific predictions were made at
this time.

Previous quantitative work has found that social deficits
associated with ASD are not clearly diagnostically differentiable
and may thus be best modeled continuously rather than
categorically (48–50). This effect is well illustrated in work
examining the broader autism phenotype, an occurrence of
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sub-clinical ASD-like traits often observed in the genetic relatives
of individuals with ASD (51). Therefore, the relationships
between FER and OAB were also tested against a dimensional
measure of ASD symptom severity, the ADOS-2 comparison
score (ADOS-2 CS). It was hypothesized that if an overall deficit
in FER or magnitude of any observed OAB did not differ by
diagnostic group, these measures may vary by symptom severity
assessed across the full sample.
MATERIALS AND METHODS

Participants
One hundred adolescents between the ages of 11 and 14 years were
recruited from the greater Long Island area (Table 1). Eight
individuals (non-ASD n = 1; ASD n = 7) were ineligible following
initial screening due to a full-scale intelligence quotient (FSIQ) <70
(presence of intellectual disability) as determined by the Kaufman
Brief Intelligence Test-Second Edition (KBIT-2; 52). The remaining
92 eligible participants were assessed and classified into one of two
groups: ASD (n = 52, 38 male) or non-ASD (n = 40, 25 male), using
cutoffs determined by the AutismDiagnostic Observation Schedule-
Second Edition (ADOS-2; 53) administered by research-reliable
examiners. ADOS-2 Comparison Scores (CS) were computed for all
participants as a dimensional measure of ASD symptom severity
(54). Groups did not differ by age (t(90) =.90, p =.37) or IQ (t(90)
=.29, p =.77). Informed consent was obtained from the guardians of
all study participants and all participants assented to study
procedures prior to participation. All study procedures were
approved by the Institutional Review Board of Stony Brook
University and conform to Common Rule standards.
Frontiers in Psychiatry | www.frontiersin.org 3144
Facial Emotion Recognition Task
Participants completed a computerized version of the adult and
child facial expression subtests from the Diagnostic Analyses of
Nonverbal Accuracy 2 (DANVA-2; 55), a standardized measure
of facial emotion recognition that has been previously validated
in typically developing and ASD samples (55, 56). Stimuli
included 48 naturalistic color photographs of males (24) and
females (24), depicting one of four emotions (12 happy, 12 sad,
12 angry, and 12 fearful, Figure 1). Within each subtest,
presentation order of the four emotions is randomized;
however, all participants viewed the photographs in the same,
standardized order. All participants completed the task in a
blocked fashion: adult face subtest, followed by the child face
subtest. Images included in the adult subtest (24) were of
individuals above the age of 18 years while images in the child
subtest (24) were of individuals between the ages of 6 and 12
years. All faces were displayed in a frontal view and included the
neck and torso of the individual photographed in front of either a
chalkboard (the adult subtest) or a white brick wall (the
child subtest).

During the task, participants were asked to view each face and
make a behavioral determination of the emotion displayed
(happy, sad, angry, or fearful) via button press. Stimulus
presentation time varied from 1 to 3 s with trial advancement
dependent upon participant response. In the event that a
participant did not provide a response within the maximum 3
s time window, the face was removed from the screen, but the
response options remained requiring the selection of a response
to advance to the next trial.

Data Analytic Plan
Percent accuracy of emotion recognition for adult and child face
stimuli was calculated by dividing the total number of correct
responses by the total number of stimuli (24) in the subtest. In
order to ensure that all participant groups were able to perform
above chance, one-sample t-tests were then carried out
comparing the percent accuracy of FER for adult and child
faces to the chance value of 25% (1/4 possible responses)
separately for both the Non-ASD and ASD groups.

To test for an OAB and any attenuation by emotion or ASD
status, a 2 (face age: adult, child) × 4 (emotion: happy, sad, angry,
fearful) × 2 (diagnostic group: Non-ASD, ASD) mixed-design
ANOVA was calculated. Pearson's correlations were used to test
for a relationship between a measure of ASD symptom severity,
ADOS-2 CS, and FER accuracy across the entire sample as well
as in each diagnostic group separately. Following the proposed
procedures of Edwards (1994; 57), a moderated regression model
was used to probe the relationship between the magnitude of the
own-age bias and ASD symptom severity in each group
separately and then combined. All findings with p <.05 were
considered to be statistically significant while findings of p =.05
to p =.08 were considered marginal and reported as such.

Post-hoc power analyses were conducted using G*Power 3.1
(58, 59) to determine whether the sample size recruited was
sufficient to detect main effects of diagnostic group, face age, and
emotion as well as the potential two-way interactions between
the three primary variables of interest. Given the expected effect
TABLE 1 | Descriptive Statistics and Independent Samples t-Tests Comparing
Age, Full-Scale IQ, and ADOS-2 CS Across Participants in the ASD and Non-
ASD Groups.

ASD
(N = 52,
38 male)

Non-ASD
(N = 40, 25 male)

t df

Racial or Ethnic Minority (n, %) 7, 13.5% 10, 25% – –

Parental Education (n, %)
High School Degree
Some College
College Graduate
Graduate or Professional
Degree

3, 5.8%
15, 28.8%
21, 40.4%
13, 25%

3, 7.5%
10, 25%
14, 35%
13, 32.5%

– –

YearlyHousehold Income (n,%)
Less than$30,000
$30,000–$75,000
$75,000–$120,000
$120,000–$165,000
Greater than$165,000
Declined toAnswer

4, 7.7%
6, 11.5%
19, 36.5%
5, 9.6%

14, 26.9%
4, 7.7%

1, 2.5%
7, 17.5%
17, 42.5%
5, 12.5%
8, 20.0%
2, 5.0%

– –

Age (M, SD) 12.64, 1.10 12.85, 1.07 .90 90
Full-Scale IQ (M, SD) 105.67, 14.08 106.55, 14.79 .29 90
ADOS-2 CS (M, SD) 7.58, 2.05 1.83,.87 −16.59*** 90
***p <.001. ADOS-2 CS, Autism Diagnostic Observation Schedule–Second Edition
Comparison Score.
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size (d =.40) for the main effect of diagnostic status on FER task
accuracy reported by Uljarevic and Hamilton (3), an alpha of.05,
and sample of 92 participants, the power for main effects was at
least 0.66. Assuming an equivalent medium effect size of h2

p =
:06, an alpha of .05, and sample of 92 participants, the power to
detect interaction effects was at least .99. Analyses pertaining to
the three-way interaction between diagnostic groups, stimulus
age, and emotion were exploratory; therefore, power analyses
could not be carried out.

Shapiro-Wilk's tests of normality indicated that our primary
dependent variables of interest were not normally distributed.
Therefore, we ran all follow-up paired comparisons bootstrapped
as well as re-tested any significant differences nonparametrically.
Additionally, as the distributions of our primary variables of
interest were found to be skewed, we removed outliers more than
two standard deviations outside of the mean performance
accuracy for either the adult or child subtest (n = 4) and re-
ran all analyses with no substantial changes in findings. Results
from these additionally analyses were consistent with our
primary findings; therefore, in order to best represent the FER
ability observed in our sample, findings reported here reflect the
full sample, including identified outliers.
RESULTS

Results indicated that, regardless of diagnostic group, all
adolescents performed above chance levels (ps <.05) on both
the adult and child subtests of the FER task (see Table 2).

The three-way ANOVA testing for effects of face age, emotion,
and diagnostic group indicated a main effect of face age (F(1,90) =
47.51, p <.001, h2

p = :35, Figure 2), such that all participants were
more accurate in identifying child compared to adult facial
expressions of emotion. A main effect of emotion was also
identified (F(3,270) = 95.80, p <.001, h2

p = :52). Post-hoc pairwise
comparisons using Bonferroni correction revealed an ordinal
relationship of performance accuracy between the four emotions
such that accuracy was greater for happy than sad (p <.001), sad
than fearful (p <.001), and fearful than angry (p <.001). A main
effect of diagnostic group was not identified (F(1,90) = 1.06, p =.31,
Frontiers in Psychiatry | www.frontiersin.org 4145
h2
p = :01). Similarly, there was no evidence of an interaction

between face age and diagnostic group (F(1,90) =.01, p =.93, h2
p

<.001) or emotion and diagnostic group (F(3,270) = 0.66, p =.58, h2
p

=.007). However; an interaction between face age and emotion was
observed (F(3,270) = 5.77, p =.001, h2

p =.06, Figure 3). Post-hoc
paired samples t-tests indicated that participants demonstrated
greater accuracy for child compared to adult faces for happy (t
(91) = 3.61, p <.001), sad (t(91) = 4.98, p <.001), and fearful (t(91) =
6.46, p <.001), but not angry faces (t(91) =.84, p =.41). Evidence for a
three-way interaction between face age, emotion, and diagnostic
group was not observed (F(3,270) = 0.426, p =.73, h2

p =.005).
Results of Person's correlations for the combined sample

indicated a significant relationship between ADOS-2 CS and total
FER accuracy (r(90) = −.23, p =.03) as well as child accuracy (r(90) =
−.21, p =.04), but only a marginal relationship with adult accuracy (r
(90) = −.20, p =.06, see Figure 4). When examined separately by
group, child accuracy (r(38) = −.34, p =.03) but not adult accuracy (r
(38) = −.16, p =.31) or overall FER accuracy (r(38) = −.27, p =.09)
was significantly associated with ADOS-2 CS for the non-ASD
group. Conversely, for the ASD group, ADOS-2 CS was significantly
associated with overall FER accuracy (r(50) = −.32, p =.02) and
marginally associated with child accuracy (r(50) = −.27, p =.052)
and adult accuracy (r(50) = −.27, p =.054).

Moderated regression models predicting ADOS-2 CS from
adult and child accuracy indicated that the difference between
FER performance on the adult and child subtest (e.g. strength of
the OAB) did not predict ASD symptom severity for the non-
ASD group (B = 4.59, p =.42), ASD group (B = −5.01, p =.72), or
the two groups combined (B = −21.52, p =.16).
DISCUSSION

General Discussion
The present study investigated whether a task of facial emotion
recognition (FER) would elicit a performance advantage for
own-age compared to other-age faces, known as an own-age
bias (OAB) for individuals with and without ASD. In doing so, it
was the first to explore whether the magnitude of an OAB is
attenuated by ASD status or severity. Findings indicated that an
A B

FIGURE 1 | Example images from the Diagnostic Analysis of Nonverbal Accuracy-2 depicting happy expressions from the (A) adult face subtest and (B) child face
subtest.
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OAB was elicited by the FER task for both adolescents with and
without ASD and that the magnitude of the effect did not differ
across groups. Similarly, overall accuracy differed ordinally by
emotional expression such that recognition performance was
best for happy, followed by sad, fearful, and angry. FER accuracy
for individual expressions did not significantly differ by ASD
group status. However, an interaction was observed between
stimulus face age and emotion such that all participants
demonstrated greater FER accuracy for child compared to
adult faces for all emotions tested with the exception of anger.
An examination of the relationship between FER accuracy and
Frontiers in Psychiatry | www.frontiersin.org 5146
ASD symptom severity across the entire sample indicated a
significant negative relationship between symptom severity and
overall task accuracy as well as child accuracy, and a marginal
negative relationship with adult accuracy. Follow-up analyses
were all in the same direction, indicating that symptom severity
was significantly associated with overall task accuracy and
marginally associated with both child accuracy and adult
accuracy for the ASD group. Symptom severity was
significantly associated with poorer performance on only the
child subtest for the non-ASD group. In line with the overall
diagnostic status findings, results of a moderated regression
approach indicated that the magnitude of the OAB was
unrelated to ASD symptom severity in the individual groups as
well as the combined sample.

In the present work, adolescents were observed to
demonstrate greater performance accuracies for child
TABLE 2 | Descriptive Statistics and One-Sample t-Tests for Facial Emotion Accuracy on the DANVA-2.

DANVA-2 Subtest Mean Accuracy (SD) N Comparison Value 95% CI for
Mean Difference

t df

ASD Adult Faces 72.76% (11.08) 52 .25 44.67–50.84 31.07*** 51
Adult Happy Faces 89.74% (12.42)
Adult Sad Faces 78.85% (24.72)
Adult Angry Faces 59.29% (20.46)
Adult Fearful Faces 63.14% (20.96)
Child Faces 81.41% (12.66) 52 .25 52.89–59.94 32.128*** 51
Child Happy Faces 94.55% (11.30)
Child Sad Faces 89.10% (14.34)
Child Angry Faces 63.46% (29.34)
Child Fearful Faces 78.53% (17.57)

Non-ASD Adult Faces 75.10% (12.39) 40 .25 46.14–54.07 25.57*** 39
Adult Happy Faces 89.58% (14.95)
Adult Sad Faces 80.83% (18.32)
Adult Angry Faces 61.25% (20.81)
Adult Fearful Faces 68.75% (20.74)
Child Faces 83.54% (11.40) 40 .25 54.90–62.19 32.48*** 39
Child Happy Faces 95.83% (11.79)
Child Sad Faces 94.17% (9.66)
Child Angry Faces 61.67% (26.74)
Child Fearful Faces 82.50% (18.47)
June 2020 | Vo
lume 11 | Article 4
***p <.001. 95% CI for Mean Difference = 95% Confidence Interval for Mean Difference. As there are four face options for every trial, ¼ (or.25) is the comparison (chance) value against
which response rates are compared. DANVA-2 Adult Face Accuracy, percentage of facial emotions correctly identified on the Diagnostic Analysis of Nonverbal Accuracy–Second Edition
adult subtest; DANVA-2 Child Face Accuracy, percentage of facial emotions correctly identified on the Diagnostic Analysis of Nonverbal Accuracy–Second Edition child subtest.
FIGURE 2 | FER percent accuracy for the non-ASD and ASD diagnostic
groups on the DANVA-2 by stimulus face age and emotion. Observed main
effects of face age and emotion are denoted. A stepwise relationship was
observed for comparisons between emotions such that accuracy for happy
was significantly greater than sad, fearful, and angry; accuracy for sad was
significantly greater than fearful and angry; and accuracy for angry was
significantly greater than fearful, all at the p <.001 level. *** p <.001.
FIGURE 3 | Percent FER accuracy for the adult and child subtests of the
DANVA-2 by emotion. *** p <.001.
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compared to adult faces as hypothesized, regardless of ASD
diagnostic status. This replicates previous findings that own-
age biases are elicited by tasks of FER (10, 34), suggesting that
increased contact with and exposure to peer faces during this
developmental period, presumably through interactions with
similarly-aged siblings, friends, and schoolmates, incurs a
processing advantage for own-age faces (60). Alternatively, this
processing advantage may not be due to an overall increase in
visual experience with own-age faces, but rather increased social
saliency and importance of peer interactions in adolescence (37,
61). Integrative accounts of the OAB, such as the categorization-
individuation model (CIM; 62), posit that the processing
advantage for own- compared to other-age faces reflects both
an increase in perceptual expertise as well as a greater tendency
to individuate, rather than categorize, faces of ingroup members.
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However, evidence in support of social-cognitive and integrative
accounts of the OAB remains limited, with the majority of
research findings substantiating experience-based accounts (11).

Interestingly, the presence of the OAB observed in this sample
did not differ by ASD group. That is, adolescents with ASD
demonstrated a robust performance advantage for child faces
compared to adult faces that was no different than that of their
peers without ASD. In conjunction with findings from the other-
race effect (ORE) literature (44, 45), these results indicate that
adolescents with ASD may be sensitive to both cumulative and
more recent visual experience with faces.

Contrary to prediction, the diagnostic groups also did not
differ on overall FER performance. Regardless of ASD status,
adolescents demonstrated an ordinal relationship in their ability
to accurately recognize specific emotional expressions such that
performance was greatest for happy, followed by sad, fearful, and
angry. This pattern of recognition accuracies replicates findings
from the typical literature demonstrating that the ability to
identify happy and sad facial expressions develops earlier than
the ability to identify either fearful or angry facial expression
(63). In addition to a main effect of expression type, an
interaction between expression type and stimulus face age was
also identified such that adolescents were better at identifying the
expressions of child compared to adult faces for all emotions
with the exception of anger. Interestingly, anger was also the
expression that adolescents had the most difficulty in accurately
identifying. Therefore, it may be the case that a processing
advantage for own compared to other-aged faces may only
become evident once a threshold level of expression specific
accuracy is reached. Alternatively, this may be an artifact of the
specific FER task, the DANVA-2, used in the present study.

In addition to examining differences in OAB and FER by
diagnostic status, the present study also examined the impact of a
continuous measure of ASD symptom severity. When diagnostic
groups were combined, ASD symptom severity was found to be
negatively associated with performance across the entirety of the
task and the child subtest as well as marginally associated with
poorer performance on the adult subtest. Although FER ability
was not found to differ by diagnostic status, follow-up, group-
specific correlational analyses indicated that the observed
relationships between ASD symptom severity and overall
performance as well as performance on the adult subtest may
have been primarily driven by the ASD group. That is, ASD
symptom severity was found to be significantly associated with
overall task performance and marginally associated with
performance on the adult subtest for individuals in the ASD
group but not the non-ASD group. However, ASD symptom
severity was found to be either significantly or marginally related
to poorer performance on the child subtest for both individuals
in the non-ASD and ASD diagnostic groups respectively. This
suggests that the observed relationship between ASD symptom
severity and performance on the child subtest was not primarily
driven by adolescents that met diagnostic criteria for ASD.
Overall, these findings replicate that of the existing literature
which has identified broad deficits in FER for individuals with
ASD (1–3). However, it should be noted that in the present
A

B

C

FIGURE 4 | Scatter plots displaying the relationship between ASD symptom
severity, as measured by the ADOS-2 Comparison Scores, and behavioral
facial emotion recognition accuracy on the (A) child subtest (r(90) = −.21,
p =.04), (B) adult subtest (r(90) = −.20, p =.06), and (C) overall task (r(90) =
−.23, p =.03).
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sample impaired FER performance was only found when treating
ASD symptom severity continuously, not categorically. This
provides support for the argument that FER deficits associated
with ASD may vary more subtly along dimensions of severity
rather than being categorically distinct (48–50). It is also likely
the case that measuring ASD symptom severity continuously
afforded more power to detect differences in FER.

While ASD symptom severity was associated with overall FER
performance, it did not predict the magnitude of the OAB (e.g.
the discrepancy between performance on the child and adult
subtests). This suggests that while ASD symptom severity may
impact overall ability to recognize facial expressions it may not
be due to an inability to incorporate more recent visual
experiences into perceptual judgments. Many models of face-
relevant perceptual expertise posit that exposure to exemplars of
a face category results in the formation of a prototypic mental
representation of that category. As exposure to a face category
increases, its prototypic representation becomes more refined
and more accurately reflects the distinguishing features of that
category (9, 25). While these models were developed in the
context of facial identity recognition tasks, it is likely the case that
emotion identification also requires individuals to abstract and
store prototypical representations of the basic emotions that can
then be generalized across individuals.

Studies examining the development of prototype formation
suggest that individuals with ASD demonstrate difficulty in
abstracting prototypic representations of natural categories
such as faces (27, 64, 65). If the OAB is a reflection of more
refined prototypic representations for own- compared to other-
age faces, then deficits in prototype formation should preclude
individuals from demonstrating the effect. Findings here suggest
that individuals with ASD may indeed be sensitive to increases in
visual experience with own-age faces. However, given the
relatively high performance accuracies observed for this task, it
is possible that the impact of underlying deficits in prototype
formation may only become apparent during more difficult tasks
of FER (5, 18).

Limitations and Future Directions
This work is the first to explore the impact of ASD status and
symptom severity on the magnitude of an OAB. As such, there
are notable limitations. First, the present study did not include an
adult comparison group. Although a robust OAB was observed,
without an adult comparison group, the possibility that this effect
was due to systematic differences between the adult and child
subtests cannot be definitively eliminated. Potential task specific
factors include an imbalance in the difficulty of the adult- and
child-subtests, differences in perceptual features between images
in each subtest (e.g. luminance, contrast, and background), and
the failure to randomize presentation order of adult and child
faces. However, given the extensive literature demonstrating the
reliability of this bias (11, 12), we can be relatively confident that
this was not, in fact, the case. The lack of an adult comparison
group may have also limited our ability to identify differences in
the magnitude of an OAB associated with ASD. While deficits in
FER are associated with ASD across the lifespan, evidence
suggests that the greatest levels of impaired performance are
Frontiers in Psychiatry | www.frontiersin.org 7148
observed in adulthood (5, 22, 29, 30). Thus, while ASD status and
symptom severity appear unrelated to the strength of an OAB for
adolescents, this may not hold at older ages, when deficits in FER
are more pronounced.

Second, while the stimuli in the child-face subtest overlapped
our participants in age, they were not perfectly age-matched.
Given that our oldest adolescents were still in middle school, it is
reasonable to presume they likely encountered children of
younger ages during their typical school days and through
engagement in extracurricular activities or time spent with
siblings. However, this presumption of increased experience
with peer faces may be less true of adolescents with ASD
whom may experience greater ostracization from peers (66)
and/or demonstrate less selective attention to peer faces in
their daily environment (67, 68). Future work should take care
to match ages of participants to stimuli more precisely as well as
include a direct measure of visual facial experience. Ideally,
future work will also incorporate experimental training-based
designs into study methodologies to allow for direct
manipulations of experience with faces of a target age as well
as take into account additional characteristics of the sample that
may impact task performance such as overall cognitive ability
and adaptive functioning.

Conclusions
Findings indicate the presence of an OAB, reflected in greater
FER performance for child compared to adult faces, for
adolescents, regardless of ASD diagnostic status or symptom
severity. Although overall FER performance was poorer as a
function of ASD symptom severity, the strength of the OAB was
not influenced by either ASD categorical group membership or
symptom severity. This suggests that recent visual experiences
may not differentially influence the face processing abilities of
adolescents with ASD and their typically developing peers. This
work highlights the importance of leveraging theoretical
perspectives established in the extant face processing literature
on typically developing individuals in order to better understand
the mechanisms underlying face processing deficits associated
with ASD.
DATA AVAILABILITY STATEMENT

The datasets generated for this study will not be made publicly
available but portions of the data may be accessed through the
National Institute of Mental Health Data Archive here: https://
nda.nih.gov/edit_collection.html?id=2421.
ETHICS STATEMENT

The studies involving human participants were reviewed and
approved by Stony Brook University Institutional Review Board.
Written informed consent to participate in this study was
provided by the participants' legal guardian/next of kin.
June 2020 | Volume 11 | Article 428

https://nda.nih.gov/edit_collection.html?id=2421
https://nda.nih.gov/edit_collection.html?id=2421
https://www.frontiersin.org/journals/psychiatry
http://www.frontiersin.org/
https://www.frontiersin.org/journals/psychiatry#articles


Hauschild et al. Own-Age Bias in ASD
AUTHOR CONTRIBUTIONS

KH, PF, CK, and ML contributed to the conceptualization and
refining of research ideas. KH, CK, and ML contributed to the
acquisition of the data. KH and ML contributed to the analysis
and interpretations of data. KH, PF, CK, and ML contributed to
the drafting and revising of the manuscript for important
intellectual content. KH, CF, and ML contributed to the
creation of tables and figures. ML contributed to the creation
Frontiers in Psychiatry | www.frontiersin.org 8149
of the research design and selection of measures. All authors
contributed to manuscript revision, read and approved the
submitted version.
FUNDING

This research is funded by National Institute of Mental Health
grant 1R01MH110585, awarded to ML (PI).
REFERENCES

1. Harms MB, Martin A, Wallace GL. Facial emotion recognition in autism
spectrum disorders: A review of behavioral and neuroimaging studies.
Neuropsychol Rev (2010) 20(3):290–322. doi: 10.1007/s11065-010-9138-6

2. Lozier LM, Vanmeter JW, Marsh AA. Impairments in facial affect recognition
associated with autism spectrum disorders: A meta-analysis. Dev
Psychopathol (2014) 26(4pt1):933–45. doi: 10.1017/S0954579414000479

3. Uljarevic M, Hamilton A. Recognition of emotions in autism: A formal meta-
analysis. J Autism Dev Disord (2013) 43(7):1517–26. doi: 10.1007/s10803-012-
1695-5

4. Dawson G, Webb SJ, McPartland J. Understanding the nature of face
processing impairment in autism: Insights from behavioral and
electrophysiological studies. Dev Neuropsychol (2005) 27:403–24.
doi: 10.1207/s15326942dn2703_6

5. Rump KM, Giovannelli JL, Minshew NJ, Strauss MS. The development of
emotion recognition in individuals with autism. Child Dev (2009) 80:1434–47.
doi: 10.1111/j.1467-8624.2009.01343.x

6. Webb SJ, Neuhaus E, Faja S. Face perception and learning in autism spectrum
disorders.Q J Exp Psychol (2017) 70:970–86. doi: 10.1080/17470218.2016.1151059

7. Gauthier I, Nelson CA. The development of face expertise. Curr Opin
Neurobiol (2001) 11:219–24. doi: 10.1016/S0959-4388(00)00200-2

8. Nelson CA. The Development and Neural Bases of Face Recognition. Infant
Child Dev (2001) 10:3–18. doi: 10.1002/icd.239

9. Valentine T. A Unified Account of the Effects of Distinctiveness, Inversion,
and Race in Face Recognition. Q J Exp Psychol Sect A (1991) 43:161–204.
doi: 10.1080/14640749108400966

10. Ebner NC, Johnson MK. Young and Older Emotional Faces: Are There Age
Group Differences in Expression Identification and Memory? Emotion (2009)
9:329–39. doi: 10.1037/a0015179

11. Rhodes MG, Anastasi JS. The own-age bias in face recognition: A meta-analytic
and theoretical review. Psychol Bull (2012) 138:146–74. doi: 10.1037/a0025750

12. Wiese H, Komes J, Schweinberger SR. Ageing faces in ageing minds: A review
on the own-age bias in face recognition. Vis Cognit (2013) 21:1337–63.
doi: 10.1080/13506285.2013.823139

13. Jemel B, Mottron L, Dawson M. Impaired face processing in autism: Fact or
artifact? J Autism Dev Disord (2006) 36(1):91–106. doi: 10.1007/s10803-005-0050-
5

14. Ashwin C, Chapman E, Colle L, Baron-Cohen S. Impaired recognition of
negative basic emotions in autism: A test of the amygdala theory. Soc Neurosci
(2006) 1:349–63. doi: 10.1080/17470910601040772

15. Howard MA, Cowell PE, Boucher J, Broks P, Mayes A, Farrant A, et al.
Convergent neuroanatomical and behavioural evidence of an amygdala
hypothesis of autism. Neuroreport (2000) 11:2931–5. doi: 10.1097/
00001756-200009110-00020

16. Pelphrey K, Sasson N, Goldman BD, Piven J. Visual Scanning of Faces in
Autism Neural mechanisms of CBT for anxiety in children with autism View
project Imaging studies in ASD View project. Artic J Autism Dev Disord
(2002) 32(4):249–61. doi: 10.1023/A:1016374617369

17. Ekman P, Friesen W, Ellsworth P. Emotion in the human face: Guidelines for
research and an integration of findings Vol. 11. (New York: Pergamon Press
Inc.,) (2013).
18. Humphreys K, Minshew N, Leonard GL, BehrmannM. A fine-grained analysis of
facial expression processing in high-functioning adults with autism.
Neuropsychologia(2007)45(4):685–95.doi:10.1016/j.neuropsychologia.2006.08.003

19. Griffiths S, Jarrold C, Penton-Voak IS, Woods AT, Skinner AL, Munafò MR.
Impaired Recognition of Basic Emotions from Facial Expressions in Young
People with Autism Spectrum Disorder: Assessing the Importance of
Expression Intensity. J Autism Dev Disord (2019) 49:2768–78. doi: 10.1007/
s10803-017-3091-7

20. Aoki Y, Cortese S, Tansella M. Neural bases of atypical emotional face
processing in autism: A meta-analysis of fMRI studies. World J Biol
Psychiatry (2015) 16:291–300. doi: 10.3109/15622975.2014.957719

21. Black MH, Chen NTM, Iyer KK, Lipp OV, Bölte S, Falkmer M, et al.
Mechanisms of facial emotion recognition in autism spectrum disorders:
Insights from eye tracking and electroencephalography. Neurosci Biobehav
Rev (2017) 80:488–515. doi: 10.1016/j.neubiorev.2017.06.016

22. Kang E, Keifer CM, Levy EJ, Foss-Feig JH, McPartland JC, Lerner MD.
Atypicality of the N170 Event-Related Potential in Autism Spectrum
Disorder: A Meta-analysis. Biol Psychiatry Cognit Neurosci Neuroimaging
(2018) 3:657–66. doi: 10.1016/j.bpsc.2017.11.003

23. Scott LS, Monesson A. The Origin of Biases in Face Perception. Psychol Sci
(2009) 20:676–80. doi: 10.1111/j.1467-9280.2009.02348.x

24. Tanaka J, Gauthier I. Expertise in object and face recognition. Psychol Learn
Motiv (1997) 36:83–125. doi: 10.1016/S0079-7421(08)60282-0

25. Valentine T, Endo M. Towards an Exemplar Model of Face Processing: The
Effects of Race and Distinctiveness. Q J Exp Psychol Sect A (1992) 44:671–703.
doi: 10.1080/14640749208401305

26. Maurer D, Le Grand R, Mondloch CJ. The many faces of configural processing.
Trends Cognit Sci (2002) 6:255–60. doi: 10.1016/S1364-6613(02)01903-4

27. Gastgeb HZ, Wilkinson DA, Minshew NJ, Strauss MS. Can individuals with
autism abstract prototypes of natural faces? J Autism Dev Disord (2011)
41:1609–18. doi: 10.1007/s10803-011-1190-4

28. Weigelt S, Koldewyn K, Kanwisher N. Face identity recognition in autism
spectrum disorders: A review of behavioral studies. Neurosci Biobehav Rev
(2012) 36:1060–84. doi: 10.1016/j.neubiorev.2011.12.008

29. Gepner B, Deruelle C, Grynfeltt S. Motion and emotion: a novel approach to
the study of face processing by young autistic children. J Autism Dev Disord
(2001) 31(1):37–45. doi: 10.1023/A:1005609629218

30. Greimel E, Schulte-Rüther M, Kamp-Becker I, Remschmidt H, Herpertz-
Dahlmann B, Konrad K. Impairment in face processing in autism spectrum
disorder: A developmental perspective. J Neural Transm (2014) 121(9):1171–
81. doi: 10.1007/s00702-014-1206-2

31. Proietti V, Pisacane A, Macchi Cassia V. Natural Experience Modulates the
Processing of Older Adult Faces in Young Adults and 3-Year-Old Children.
PloS One (2013) 8(2):e57499. doi: 10.1371/journal.pone.0057499

32. Fölster M, Werheid K. ERP evidence for own-age effects on late stages of
processing sad faces. Cognit Affect Behav Neurosci (2016) 16:635–45.
doi: 10.3758/s13415-016-0420-9

33. Harrison V, Hole GJ. Evidence for a contact-based explanation of the own-age bias
in face recognition. Psychon Bull Rev (2009) 16:264–9. doi: 10.3758/PBR.16.2.264

34. Riediger M, Voelkle MC, Ebner NC, Lindenberger U. Beyond “Happy, angry, or
sad?”: Age-of-poser and age-of-rater effects on multi-dimensional emotion
perception. Cognit Emot (2011) 25:968–82. doi: 10.1080/02699931.2010.540812
June 2020 | Volume 11 | Article 428

https://doi.org/10.1007/s11065-010-9138-6
https://doi.org/10.1017/S0954579414000479
https://doi.org/10.1007/s10803-012-1695-5
https://doi.org/10.1007/s10803-012-1695-5
https://doi.org/10.1207/s15326942dn2703_6
https://doi.org/10.1111/j.1467-8624.2009.01343.x
https://doi.org/10.1080/17470218.2016.1151059
https://doi.org/10.1016/S0959-4388(00)00200-2
https://doi.org/10.1002/icd.239
https://doi.org/10.1080/14640749108400966
https://doi.org/10.1037/a0015179
https://doi.org/10.1037/a0025750
https://doi.org/10.1080/13506285.2013.823139
https://doi.org/10.1007/s10803-005-0050-5
https://doi.org/10.1007/s10803-005-0050-5
https://doi.org/10.1080/17470910601040772
https://doi.org/10.1097/00001756-200009110-00020
https://doi.org/10.1097/00001756-200009110-00020
https://doi.org/10.1023/A:1016374617369
https://doi.org/10.1016/j.neuropsychologia.2006.08.003
https://doi.org/10.1007/s10803-017-3091-7
https://doi.org/10.1007/s10803-017-3091-7
https://doi.org/10.3109/15622975.2014.957719
https://doi.org/10.1016/j.neubiorev.2017.06.016
https://doi.org/10.1016/j.bpsc.2017.11.003
https://doi.org/10.1111/j.1467-9280.2009.02348.x
https://doi.org/10.1016/S0079-7421(08)60282-0
https://doi.org/10.1080/14640749208401305
https://doi.org/10.1016/S1364-6613(02)01903-4
https://doi.org/10.1007/s10803-011-1190-4
https://doi.org/10.1016/j.neubiorev.2011.12.008
https://doi.org/10.1023/A:1005609629218
https://doi.org/10.1007/s00702-014-1206-2
https://doi.org/10.1371/journal.pone.0057499
https://doi.org/10.3758/s13415-016-0420-9
https://doi.org/10.3758/PBR.16.2.264
https://doi.org/10.1080/02699931.2010.540812
https://www.frontiersin.org/journals/psychiatry
http://www.frontiersin.org/
https://www.frontiersin.org/journals/psychiatry#articles


Hauschild et al. Own-Age Bias in ASD
35. Ebner NC, He Y, Johnson MK. Age and emotion affect how we look at a face:
Visual scan patterns differ for own-age versus other-age emotional faces.
Cognit Emot (2011) 25:983–97. doi: 10.1080/02699931.2010.540817

36. Ebner NC, Johnson MK, Fischer H. Neural mechanisms of reading facial
emotions in young and older adults. Front Psychol (2012) 3:223. doi: 10.3389/
fpsyg.2012.00223

37. He Y, Ebner NC, Johnson MK. What predicts the own-age bias in face
recognition memory? Soc Cognit (2011) 29:97–109. doi: 10.1521/
soco.2011.29.1.97

38. Hills PJ, Willis SFL. Children view own-age faces qualitatively differently to
other-age faces. J Cognit Psychol (2016) 28:601–10. doi: 10.1080/
20445911.2016.1164710

39. Proietti V, Macchi Cassia V, dell'Amore F, Conte S, Bricolo E. Visual scanning
behavior is related to recognition performance for own- and other-age faces.
Front Psychol (2015) 6:1684. doi: 10.3389/fpsyg.2015.01684

40. Ebner NC, Johnson MR, Rieckmann A, Durbin KA, Johnson MK, Fischer H.
Processing own-age vs. other-age faces: Neuro-behavioral correlates and
effects of emotion. Neuroimage (2013) 78:363–71. doi: 10.1016/
j.neuroimage.2013.04.029

41. Macchi Cassia V. Age biases in face processing: The effects of experience
across development. Br J Psychol (2011) 102:816–29. doi: 10.1111/j.2044-
8295.2011.02046.x

42. Macchi Cassia V, Bulf H, Quadrelli E, Proietti V. Age-related face processing
bias in infancy: Evidence of perceptual narrowing for adult faces. Dev
Psychobiol (2014) 56:238–48. doi: 10.1002/dev.21191

43. Meissner CA, Brigham JC. Thirty Years of Investigating the Own-Race Bias in
Memory for Faces: A Meta-Analytic Review. Psychol Public Pol Law (2001)
7:3–35. doi: 10.1037/1076-8971.7.1.3

44. Wilson CE, Palermo R, Burton AM, Brock J. Recognition of own- and other-
race faces in autism spectrum disorders. Q J Exp Psychol (2011) 64:1939–54.
doi: 10.1080/17470218.2011.603052

45. Yi L, Quinn PC, Feng C, Li J, Ding H, Lee K. Do individuals with autism
spectrum disorder process own- and other-race faces differently? Vision Res
(2015) 107:124–32. doi: 10.1016/j.visres.2014.11.021

46. Chien SHL, Wang LH, Chen CC, Chen TY, Chen HS. Autistic children do not
exhibit an own-race advantage as compared to typically developing children. Res
Autism Spectr Disord (2014) 8(11):1544–51. doi: 10.1016/j.rasd.2014.08.005

47. Hadad BS, Schwartz S, Binur N. Reduced perceptual specialization in autism:
Evidence from the other-race face effect. J Exp Psychol Gen (2019) 148:588–94.
doi: 10.1037/xge0000550

48. Constantino JN. The quantitative nature of autistic social impairment. Pediatr
Res (2011) 69(8):55–62. doi: 10.1203/PDR.0b013e318212ec6e

49. Constantino JN, Gruber CP, Davis S, Hayes S, Passanante N, Przybeck T. The
factor structure of autistic traits. J Child Psychol Psychiatry (2004) 45:719–26.
doi: 10.1111/j.1469-7610.2004.00266.x

50. Robinson EB, Munir K, Munaf MR, Hughes M, McCormick MC, Koenen KC.
Stability of autistic traits in the general population: Further evidence for a
continuum of impairment. J Am Acad Child Adolesc Psychiatry (2011)
50:376–84. doi: 10.1016/j.jaac.2011.01.005

51. Wilson CE, Freeman P, Brock J, Burton AM, Palermo R. Facial identity
recognition in the broader autism phenotype. PloS One (2010) 5:1–7.
doi: 10.1371/journal.pone.0012876

52. Kaufman AS. Kaufman Brief Intelligence Test–Second Edition (KBIT-2). Circ
Pines MN Am Guid Serv (2004).

53. Lord C, Rutter M, DiLavore P, Risi S, Gotham K, Bishop S. Autism diagnostic
observation schedule–2nd edition (ADOS-2). Los Angeles CA West Psychol
Corp (2012).
Frontiers in Psychiatry | www.frontiersin.org 9150
54. Hus V, Lord C. The autism diagnostic observation schedule, module 4: revised
algorithm and standardized severity scores. J Autism Dev Disord (2014)
44:1996–2012. doi: 10.1007/s10803-014-2080-3

55. Nowicki S, Duke, MP. Manual for the receptive tests of the diagnostic analysis
of nonverbal accuracy 2 (DANVA2). Atlanta, GA: Department of Psychology,
Emory University (2008).

56. Booth AJ, Rodgers JD, Volker MA, Lopata C, Thomeer ML. Psychometric
Characteristics of the DANVA-2 in High-Functioning Children with ASD.
J Autism Dev Disord (2019) 49(10):4147–58. doi: 10.1007/s10803-019-04130-w

57. Edwards JR. Regression analysis as an alternative to difference scores. J Manag
Stud (1994) 20(3):683–9. doi: 10.1177/014920639402000311

58. Faul F, Erdfelder E, Lang AG, Buchner A. G*Power 3: A flexible statistical
power analysis program for the social, behavioral, and biomedical sciences.
Behav Res Methods (2007) 39:175–91. doi: 10.3758/BF03193146

59. Erdfelder E, FAul F, Buchner A, Lang AG. Statistical power analyses using
G*Power 3.1: Tests for correlation and regression analyses. Behav Res Methods
(2009) 41:1149–60. doi: 10.3758/BRM.41.4.1149

60. Hills PJ, Lewis MB. Rapid communication: The own-age face recognition bias
in children and adults. Q J Exp Psychol (2011) 64:17–23. doi: 10.1080/
17470218.2010.537926

61. Sporer SL. Recognizing Faces of Other Ethnic Groups: An Integration of
Theories. Psychol Public Pol Law (2001) 7:36–97. doi: 10.1037/1076-
8971.7.1.36

62. Hugenberg K, Young SG, Bernstein MJ, Sacco DF. The Categorization-
Individuation Model: An Integrative Account of the Other-Race
Recognition Deficit. Psychol Rev (2010) 117:1168–87. doi: 10.1037/a0020463

63. Durand K, Gallay M, Seigneuric A, Robichon F, Baudouin JY. The
development of facial emotion recognition: The role of configural
information. J Exp Child Psychol (2007) 97:14–27. doi: 10.1016/
j.jecp.2006.12.001

64. Gastgeb HZ, Rump KM, Best CA, Minshew NJ, Strauss MS. Prototype
formation in autism: Can individuals with autism abstract facial prototypes?
Autism Res (2009) 2:279–84. doi: 10.1002/aur.93

65. Klinger LG, Dawson G. Prototype formation in autism. Dev Psychopathol
(2001) 13:111–24. doi: 10.1017/S0954579401001080

66. Schroeder JH, Cappadocia MC, Bebko JM, Pepler DJ, Weiss JA. Shedding light
on a pervasive problem: A review of research on bullying experiences among
children with autism spectrum disorders. J Autism Dev Disord (2014)
44:1520–34. doi: 10.1007/s10803-013-2011-8

67. Wilson CE, Brock J, Palermo R. Attention to social stimuli and facial identity
recognition skills in autism spectrum disorder. J Intellect Disabil Res (2010)
54:1104–15. doi: 10.1111/j.1365-2788.2010.01340.x

68. Chita-tegmark M. Research in Developmental Disabilities Review article
Social attention in ASD : A review and meta-analysis of eye-tracking
studies. Res Dev Disabil (2016) 48:79–93. doi: 10.1016/j.ridd.2015.10.011

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 Hauschild, Felsman, Keifer and Lerner. 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.
June 2020 | Volume 11 | Article 428

https://doi.org/10.1080/02699931.2010.540817
https://doi.org/10.3389/fpsyg.2012.00223
https://doi.org/10.3389/fpsyg.2012.00223
https://doi.org/10.1521/soco.2011.29.1.97
https://doi.org/10.1521/soco.2011.29.1.97
https://doi.org/10.1080/20445911.2016.1164710
https://doi.org/10.1080/20445911.2016.1164710
https://doi.org/10.3389/fpsyg.2015.01684
https://doi.org/10.1016/j.neuroimage.2013.04.029
https://doi.org/10.1016/j.neuroimage.2013.04.029
https://doi.org/10.1111/j.2044-8295.2011.02046.x
https://doi.org/10.1111/j.2044-8295.2011.02046.x
https://doi.org/10.1002/dev.21191
https://doi.org/10.1037/1076-8971.7.1.3
https://doi.org/10.1080/17470218.2011.603052
https://doi.org/10.1016/j.visres.2014.11.021
https://doi.org/10.1016/j.rasd.2014.08.005
https://doi.org/10.1037/xge0000550
https://doi.org/10.1203/PDR.0b013e318212ec6e
https://doi.org/10.1111/j.1469-7610.2004.00266.x
https://doi.org/10.1016/j.jaac.2011.01.005
https://doi.org/10.1371/journal.pone.0012876
https://doi.org/10.1007/s10803-014-2080-3
https://doi.org/10.1007/s10803-019-04130-w
https://doi.org/10.1177/014920639402000311
https://doi.org/10.3758/BF03193146
https://doi.org/10.3758/BRM.41.4.1149
https://doi.org/10.1080/17470218.2010.537926
https://doi.org/10.1080/17470218.2010.537926
https://doi.org/10.1037/1076-8971.7.1.36
https://doi.org/10.1037/1076-8971.7.1.36
https://doi.org/10.1037/a0020463
https://doi.org/10.1016/j.jecp.2006.12.001
https://doi.org/10.1016/j.jecp.2006.12.001
https://doi.org/10.1002/aur.93
https://doi.org/10.1017/S0954579401001080
https://doi.org/10.1007/s10803-013-2011-8
https://doi.org/10.1111/j.1365-2788.2010.01340.x
https://doi.org/10.1016/j.ridd.2015.10.011
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/psychiatry
http://www.frontiersin.org/
https://www.frontiersin.org/journals/psychiatry#articles


Frontiers in Psychiatry | www.frontiersin.or

Edited by:
Kevin A. Pelphrey,

University of Virginia,
United States

Reviewed by:
Macià Buades-Rotger,
University of Lübeck,

Germany
Martin Fungisai Gerchen,
University of Heidelberg,

Germany

*Correspondence:
Karina S. Blair

karina.blair@boystown.org

†ORCID:
Seth Pollak

orcid.org/0000-0001-5184-9846

Specialty section:
This article was submitted to

Social Cognition,
a section of the journal
Frontiers in Psychiatry

Received: 05 November 2019
Accepted: 06 April 2020
Published: 16 June 2020

Citation:
Blair KS, Bashford-Largo J, Shah N,

Lukoff J, Elowsky J, Vogel S,
Emmert A, Zhang R, Dobbertin M,
Pollak S and Blair JR (2020) Sexual
Abuse in Adolescents Is Associated

With Atypically Increased
Responsiveness Within Regions
Implicated in Self-Referential and

Emotional Processing to Approaching
Animate Threats.

Front. Psychiatry 11:345.
doi: 10.3389/fpsyt.2020.00345

ORIGINAL RESEARCH
published: 16 June 2020

doi: 10.3389/fpsyt.2020.00345
Sexual Abuse in Adolescents Is
Associated With Atypically Increased
Responsiveness Within Regions
Implicated in Self-Referential and
Emotional Processing to
Approaching Animate Threats
Karina S. Blair1*, Johannah Bashford-Largo1, Niraj Shah1, Jennie Lukoff1,
Jaimie Elowsky1, Steven Vogel1, Amanda Emmert2, Ru Zhang1, Matthew Dobbertin1,
Seth Pollak3† and James R. Blair1

1 Center for Neurobehavioral Research, Boys Town National Research Hospital, Boys Town, NE, United States,
2 Department of Psychiatry, Creighton University School of Medicine, Omaha, NE, United States, 3 Department of
Psychology, University of Wisconsin, Madison, WI, United States

Childhood sexual abuse is associated with significant subsequent pathology and
neurodevelopmental disruption. In particular, childhood sexual abuse has been
associated with heightened threat sensitivity. However, little work has directly
investigated this issue. In this study, we examine the association of childhood sexual
abuse to neural and behavioral responses to looming, threatening face stimuli. The study
involved 23 adolescents with significant past sexual abuse and 24 comparison individuals
matched on IQ, age, and sex. Participants were scanned during a looming threat task that
involved negative and neutral, human faces and animals that appeared to either loom
toward or recede from the participant. We found that adolescents who had been
previously subjected to sexual abuse, relative to comparison adolescents, showed
increased neural responses to threatening looming stimuli in regions including rostral
and superior frontal gyrus as well as posterior cingulate gyrus. In addition, they were
significantly more slowed by looming stimuli, particularly if these were human faces, than
adolescents who had not been exposed. These data demonstrate that prior sexual abuse
was associated with heightened neural responsiveness to looming threats in a series of
regions beyond the amygdala. These data are interpreted within models of rostromedial
frontal and posterior cingulate cortices that stress their role in self-referential emotional
processing and emotional maintenance.

Keywords: childhood sexual abuse, threat responsiveness, looming threat, adolescents, functional Magnetic
Resonance Imaging (fMRI)
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INTRODUCTION

Childhood sexual abuse is relatively common and a major risk
factor in the development of psychopathology [e.g., (1–3)]. It
may have a particularly adverse impact relative to other forms
of maltreatment (4, 5) with epidemiological work indicating
that it is the most common cause of posttraumatic stress
disorder (PTSD) (6). Despite this, studies focusing on the
neurodevelopmental impact of sexual abuse are relatively rare
[cf. (7, 8)].

Individuals subjected to maltreatment report difficulty
regulating emotional responses to adverse events (9, 10). This
is associated with increased responses to threat within the
amygdala (9, 11–14). However, there has been less attention
with respect to maltreatment and regions beyond the amygdala
though regions though reports exist of regions such as medial
frontal, posterior cingulate (PCC), and superior temporal
cortices showing atypical responding to threat following
maltreatment (8, 11, 15, 16). While there are no definitive
accounts of the roles of these regions in threat processing,
cases can be made that ventromedial frontal and PCC cortices
are critically involved in the representation of stimulus value
[e.g., (17)] while rostromedial frontal cortex may be particularly
implicated in the maintenance of emotional responses (18).

Neural responses to threat are not uniform (19). Neural
responses to relatively basic threats (e.g., a stimulus looming
toward the individual) show overlaps with, but also distinctions
from, those to threats that are more visually complex; e.g., facial
expressions and threatening animal images (e.g., a snarling wolf);
see Supplemental Figure 1. Moreover, core neural regions
implicated in the response to threats such as the amygdala also
respond to other stimulus classes such as human faces (20, 21).
Yet again, the differential response to the human faces vs. animal
stimulus dimension is rather different from those to the looming
or visual threat dimensions properties; see Coker-Appiah et al.
(19) and Supplemental Figure 1. It is currently unclear the
extent to which maltreatment, and particularly sexual abuse,
exaggerates responsiveness to particular types of threat stimuli
and, perhaps more critically, to social stimuli such as faces that
recruit at least partially overlapping neural circuitry (e.g., the
amygdala). The level of responsiveness to social stimuli is
interesting for two reasons: First, heightened responsiveness to
such social stimuli is associated with social anxiety (22–24) that
would further detrimentally affect the lives of individuals who
had suffered abuse. Second, it allows a determination of the
extent to which hyperresponsiveness to threat in specific neural
systems (amygdala, vmPFC) is stimulus specific or neural region
specific (i.e., to threats only or to all stimuli types that these
regions respond to).

The current study aimed to determine the extent to which
childhood sexual abuse is associated with increased threat
responsiveness to both basic threat properties of a stimulus
(e.g., looming relative to receding) as well as more visually
complex properties (e.g., angry relative to neutral expressions/
snarling threatening animals relative to neutral animals). In
addition, it sought to determine whether increased
responsiveness is also seen to human faces relative to animals
Frontiers in Psychiatry | www.frontiersin.org 2152
given the degree of overlap of neural systems engaged by both
human faces and threatening stimuli (21). This was investigated
with a group of participants previously subjected to sexual abuse
and an age, IQ, and sex matched comparison group. Participants
performed the Looming task (19). On the basis of the previous
literature (9, 11–13), we predicted that participants subjected to
prior sexual abuse would show increased responses to both
looming relative to receding, and threatening relative to neutral
images and potentially particularly strong responses to looming
threatening images within the amygdala but also associated
structures (medial frontal, anterior insula, PCC, and superior
temporal gyrus). With respect to human relative to nonhuman
faces, we predicted that if sexual abuse has a general impact in
increasing responsiveness within regions such as the amygdala
and medial frontal cortex, then individuals subjected to sexual
abuse will show greater responses within these regions to human
faces than comparison individuals. In contrast, if the impact of
sexual abuse more selectively impacts the responsiveness of these
regions to threat, we anticipated observing group differences only
in response to threat variables.
MATERIALS AND METHODS

Participants
Twenty-three adolescents who reported significant past sexual
abuse and 24 adolescents who did not report past sexual abuse
participated in the study. The two groups were matched on age,
sex, and IQ (see Table 1). Past sexual abuse was indexed via the
Childhood Trauma Questionnaire (CTQ). Following validated
thresholds [e.g., (25, 26)], individuals were considered to have
experienced significant past sexual abuse if they endorsed three
or more items pertaining to sexual abuse on the CTQ (see below
for details about the CTQ). All sexual abuse reported
was officially documented and under care. Psychiatric
characterization was done through psychiatric interviews by
licensed and board-certified psychiatrists with the participants
and their parents, to adhere closely to common clinical practice.
Individuals in the healthy comparison (HC) group reported
TABLE 1 | Participant characteristics.

No past abuse
(N = 24)

Past sexual abuse
(N = 23)

CTQ Sexual Abuse score^ – 16.5 (SD = 5.32); R: 8–25
Age 15.1 (SD = 1.87) 15.1 (SD = 1.58)
IQ 99.9 (SD = 10.82) 95.3 (SD = 8.57)
% Femalea 63% (N = 15) 74% (N = 17)
MDDb 0% (0) 30.4% (N = 7)
PTSDb 0% (0) 43.5% (N = 9)
Stimulantsc 0% (0) 17.4% (N = 4)
Antidepressantsc 0% (0) 34.8% (N = 8)
Antipsychoticsc 0% (0) 34.8% (N = 8)
June 2020
^Sexual Abuse as indexed by the Childhood Trauma Questionnaire (CTQ) Sexual Abuse
subscale; MDD, major depressive disorder; PTSD, posttraumatic stress disorder.
aself-identified as female; bclinical diagnosis by psychiatrist; cmedication currently
prescribed.
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no past sexual abuse and no current/past history of
psychiatric illness.

Participants who had experienced sexual abuse were recruited
shortly after their arrival at a residential care facility. Comparison
adolescents were recruited from the community. Participants
were excluded if IQ was below 75 assessed with the Wechsler
Abbreviated Scale of Intelligence (WASI two-subtest form) or if
they had nonpsychiatric medical illnesses that required the use of
medication that may have psychotropic effects, such as beta-
blockers or steroids. However, medications provided for
psychiatric disorders (specifically antipsychotic, stimulant, or
mood stabilizing medications) were not exclusory. Exclusion
criteria also included braces, claustrophobia, active substance
dependence, pervasive developmental disorder, Tourette’s
syndrome, lifetime history of psychosis, neurological disorder,
head trauma, non-English speaking, and presence of active
safety concerns.

Written informed consent and assent was taken. In all cases,
youth had the right to decline participation at any time before or
during the study. Consent documents were reviewed with the
parent/legal guardians and written permission was obtained (1)
at the initial visit for community participants or (2) at the time of
intake for youth placed in Boys Town programs. Assent was
obtained from the Boys Town youth in a separate session. It was
made clear to all participants and their parents that their decision
with respect to participation had no influence on their clinical
care. The Boys Town National Research Hospital institutional
review board approved this study.

Measures
History of sexual abuse was assessed using the CTQ, a 28-item
self-report measure that indexes childhood/adolescent
maltreatment. The CTQ indexes sexual abuse via 5 items: (1)
Someone tried to touch me in a sexual way/made me touch them;
(2) Someone threatened me unless I did something sexual; (3)
Someone tried to make me do/watch sexual things; (4) Someone
molested me; and (5) I believe that I was sexually abused. In
addition to the sexual abuse scale, the CTQ contains four other
subscales indexing emotional abuse (EA), physical abuse (PA),
emotional neglect (EN), and physical neglect (PN). The CTQ has
excellent psychometric properties including internal consistency,
test-retest reliability, and convergent and discriminant validity
with interviews and clinician reports of maltreatment (27).
Individuals respond to each item using a five-point Likers
scale: (1) never true, (2) rarely true, (3) sometimes true, (4)
often true, and (5) very often true. Thus, individuals can score
between 5 (no history of abuse) and 25 (extreme abuse) on the
sexual abuse subscale of the CTQ. Psychiatric diagnoses were
made according to the Diagnostic and Statistical Manual of
Mental Disorders-5 (American Psychiatric Association, 2013)
through psychiatric interviews by licensed and board-certified
child and adolescent psychiatrists with the participants and their
parents, to adhere closely to common clinical practice.

fMRI Task
The participants performed the looming task (adapted from
Coker-Appiah et al., 2013). They were presented with an image
Frontiers in Psychiatry | www.frontiersin.org 3153
that appeared to either loom toward or recede away from them.
Images were human or animal faces and were either threatening
or neutral in valence.

Images were rapidly presented in a series of sixteen 50-ms
frames of increasing or decreasing size in the center of the screen
to create the effect of either looming (i.e., increasing in size in
rapid succession) or receding (i.e., decreasing in size in rapid
succession; total stimulus duration: 800 ms); see Figure 1.
Stimulus presentations were followed by a fixation point,
which was on screen for a jittered duration of 1,250–4,250 ms.
The task included a single run of 160 stimuli (20 of each of the 8
trial types). Each individual image was presented only twice;
once looming toward and once receding from the participant. In
order to ensure attention to the task, participants were instructed
to press a button with their right index finger as quickly as
possible when an image appeared on the screen.

fMRI Parameters
Whole-brain blood oxygen level dependent (BOLD) fMRI data
were acquired using a 3.0 Tesla Siemens Skyra Magnetic
Resonance Scanner. Functional images were taken with a T2*
weighted gradient echo planar imaging (EPI) sequence
[repetition time (TR) = 2, 500 ms, echo time (TE) = 27 ms,
flip angle = 90° field-of-view (FOV) = 240 mm]. Whole-brain
coverage was obtained with 43 axial slices (thickness, 2.5mm;
voxel size 2.6 × 2.6 × 2.5 mm3; distance factor 21%). In the same
session, a high-resolution T1-weighed anatomical image was
acquired to aid with spatial normalization (MP-RAGE,
repetition time = 2,200 ms, echo time = 2.48 ms; 230-mm field
of view; 8° flip angle; 256 × 208 matrix) was acquired to register
with the EPI dataset. Whole-brain coverage was obtained with
176 axial slices (thickness 1 mm; voxel size 0.9 × 0.9 × 1 mm3,
distance factor 50%).
FIGURE 1 | Task illustration. Example of Looming Threatening Human face
trial.
June 2020 | Volume 11 | Article 345
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fMRI Analysis: Data Preprocessing and
Individual Level Analysis
Functional MRI data were preprocessed and analyzed using
Analysis of Functional NeuroImages (AFNI) software (28).
Data from the first four repetitions were collected prior to
magnetization equilibrium and were discarded. The anatomical
scan for each participant was registered to the Talairach and
Tournoux atlas (29) and each participant’s functional EPI data
were registered to their Talairach anatomical scan in AFNI.
Functional images were motion corrected and spatially
smoothed with a 6-mm full width half maximum Gaussian
kernel. The data then underwent time series normalization and
these results were multiplied by 100 for each voxel. Therefore,
the resultant regression coefficients are representative of a
percentage of signal change from the mean.

A model was generated using six motion regressors and the
following eight regressors: Looming Threatening Human,
Looming Neutral Human, Looming Threatening Animal,
Looming Neutral Animal, Receding Threatening Human,
Receding Neutral Human, Receding Threatening Animal,
Receding Neutral Animal. GLM fitting was performed with
these eight regressors, six motion regressors, and a regressor
modeling baseline drift. All regressors were convolved with a
canonical hemodynamic response function (HRF) to account for
the slow hemodynamic response (with time point commencing
at time of first image onset). This produced a b coefficient and
associated t statistic for each voxel and regressor. There was no
significant regressor collinearity.

Statistical Analyses
Behavioral Data: A 2 (Group: Subjected to sexual abuse,
Comparison) by 2 (Direction: Looming, Receding) by 2 (Type:
Human, Animal) by 2 (Valence: Threatening, Neutral) ANOVA
was conducted on the participant’s mean reaction times (RT) for
each trial type. Outliers (RTs 3 standard deviations greater or
lesser than the participant’s mean RT for that trial type) were
excluded (approximately 1% of the data).

MRI Data: Our hypotheses were tested by a full 2 (Group:
Subjected to sexual abuse, Comparison) by 2 (Direction:
Looming, Receding) by 2 (Type: Human, Animal) by 2
(Valence: Threatening, Neutral) ANOVA performed on the
BOLD data. Subsequently, we ran a second group-based
ANCOVA where total levels of other forms of maltreatment
(physical and emotional abuse and physical and emotional
neglect) was the covariate. For the follow-up ANCOVAs a
Blom Transformation was applied to the participants’ CTQ
sexual abuse and the CTQ other maltreatment (EA + PA +
EN + PN) scores. This is a normalization procedure which rank
orders, and then standardizes values within a dataset (30). To
facilitate future meta-analytic work, effect sizes [partial eta square
(hp²)] are reported in the Tables [though note that our relatively
small sample size may result in an overestimate of the size of the
true population effect; (31)].

Correction for multiple comparisons was performed using
a spatial clustering operation in AFNI’s 3dClustSim utilizing
the autocorrelation function (-acf) with 10,000 Monte
Frontiers in Psychiatry | www.frontiersin.org 4154
Carlo simulations for the whole-brain analysis. Spatial
autocorrelation was estimated from residuals from the
individual-level GLMs. The initial threshold was set at p =.001.
This process yielded an extant threshold of k = 20 voxels for the
whole brain (multiple comparison corrected p < 0.05). Follow-up
testing was conducted within the Statistical Package for the
Social Sciences (SPSS) version 22.0.0.2 (IBM Corporation,
Armonk, NY).
RESULTS

Behavioral Data
A 2 (Group: Subjected to sexual abuse, Comparison) by 2
(Direction: Looming, Receding) by 2 (Type: Human, Animal)
by 2 (Valence: Threatening, Neutral) ANOVA was conducted
on the reaction time (RT) data. There was a main effect of
Direction [F(1,45) = 68.92; p < 0.001; hp² = 0.616]; participants
were faster to respond to receding than looming stimuli (461.55
vs. 411.26 ms). In addition, there was a significant: (i) main
effect of Group [F(1,45) = 9.05; p = 0.004; hp² = 0.174;
participants that had been subjected to sexual abuse were
significantly slower to respond than comparison adolescents;
M(subjected to sexual abuse) = 481.46 ms; M(Comparison) =
391.35 ms]; (ii) Group-by-Direction interaction [F(1,45) = 5.02;
p = 0.030; hp² = 0.104]. Participants that had been subjected to
sexual abuse showed a significantly greater increase in RT for
looming relative to receding stimuli relative to comparison
adolescents [F(1,45) = 5.21; p = 0.030; M(subjected to sexual
abuse: Looming-Receding) = 63.87ms; M(Comparison:
Looming-Receding) = 36.73ms]; and (ii) a significant Group-
by-Direction-by-Type interaction [F(1,45) = 7.08; p = 0.010;
hp² = 0.14]. Participants who had been subjected to sexual
abuse showed significantly greater increases in RT to looming
human faces than receding human faces relative to comparison
adolescents {t[45]=−3.31; p=0.002; M[subjected to sexual
abuse: Looming-Receding(human faces)] = 83.09ms; M
[Comparison: Receding-Looming(human faces)] = 36.87ms}.
However, there were no significant group differences for animal
stimuli {t[45] = −0.566; p = 0.574; M[subjected to sexual
abuse: Receding-Looming(animal stimuli)] = 44.64 ms;
M[Comparison: Receding-Looming(animal stimuli)] =
36.59 ms}.

Movement Data
Volumes were censored if there was >0.5 mm motion across
adjacent volumes. No participant in the final sample for the
current study had >5% censored volumes. There were no
significant group differences in terms of censored volumes (F <
1; ns), average motion per volume (F < 1; ns)], or maximum
displacement during scanning (F = 1.73; p = 0.195).

fMRI Data
The analysis of the BOLD response data revealed regions
showing significant Group-by-Direction-by-Valence
interactions (see Table 2). All other significant results are
June 2020 | Volume 11 | Article 345
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listed in Supplemental Table 1. Images of the main effects of
Direction, Valence and Type are presented in Supplemental
Figure 1.

Group-by-Direction-by-Valence Interactions
Regions showing significant Group-by-Direction-by-Valence
interaction included rostromedial prefrontal cortex (rmPFC)
(BA 10), superior frontal gyrus (BA 8 & BA 10), as well as
superior (BA 38) inferior (BA 20) and superior temporal gyrus,
and PCC (BA 31); Table 2. Within all these regions, participants
who had been subjected to sexual abuse, relative to comparison
individuals, showed significantly greater BOLD responses to
looming threatening stimuli relative to both looming neutral (F
range = 7.35 to 14.20; p < range = 0.01 to 0.001) and receding
threatening stimuli (F range = 4.35 to 12.93; p < range 0.005 to
0.001); see Figure 2. A region of amygdala also showed a Group-
by-Direction-by-Valence interaction but at marginal levels (p <
0.05, uncorrected).

Follow-Up Analyses

1. Excluding Participants With PTSD: Given the potential
influences of PTSD pathology (nine participants subjected
to sexual abuse had diagnoses of PTSD), we reran the initial
group-based analysis excluding the participants with PTSD
diagnosis. Even when excluding those participants, the
Group-by-Direction-by-Valence result pattern reported
above and in Table 2 largely remained; see Supplemental
Table 2).

2. Excluding Participants With MDD: Given the potential
influences of MDD pathology (seven participants subjected
to sexual abuse had diagnoses of MDD), we also reran the
initial group-based analysis excluding the participants with
MDD diagnosis. The exclusion of those participants did not
significantly change the results reported above in the main
analysis and in Table 2; see Supplemental Table 3).

3. Excluding Participants on Medication: Given the potential
influences of mediation use, the group-based ANOVA above
was re-run excluding participants on medication (stimulants,
antidepressant, and antipsychotics). Again, excluding these
participants did not change the Group-by-Direction-by-
Valence result pattern reported above and in Table 2. See
Supplemental Tables 4–6.

4. Other Maltreatment as an Added Covariate to CTQ Sexual
Abuse Scores: Given the potential overlap in neural correlates
Frontiers in Psychiatry | www.frontiersin.org 5155
associated with other types of maltreatment, we followed up
our initial ANOVA analysis with a group based ANCOVA
where Blom transformed total levels of other forms of
maltreatment (physical and emotional abuse and physical
and emotional neglect) was the covariate. The Group-by-
Direction-by-Valence interactions for the left medial, left
superior frontal gyrus (BA 8) and the superior temporal
gyrus remained; see Supplemental Table 7. In contrast, there
were no interactions surviving for the Other-Maltreatment-
by-Direction-by-Valence interaction.
DISCUSSION

In this study, we investigated the extent to which past sexual
abuse is associated with increased responsiveness to threat
(looming stimuli and threat images) and social cues (human
faces). There were three main findings: First, participants who
had been subjected to sexual abuse showed heightened neural
responsiveness to looming threats in a series of regions beyond
the amygdala (e.g., rmPFC and PCC). Second, participants who
had been subjected to sexual abuse did not show heightened
responsiveness specifically to social stimuli. Third, looming
stimuli were generally associated with slower reaction times
and this exaggerated in participants previously subjected to
sexual abuse particularly if the looming stimulus was a
human face.

Previous work has reported that participants who have
experienced maltreatment show heightened responsiveness to
threat (8, 11, 13–15). However, much of this work has focused on
the amygdala (9, 11–14). There was a Group-by-Direction-by-
Valence interaction within the amygdala in the current study.
However, this was of marginal significance (p < 0.05
uncorrected). Instead, the results of the current study join
other work stressing the impact of maltreatment, in this case
past sexual abuse, in increasing responsiveness in regions beyond
the amygdala [cf. (16, 32)]. This failure to observe more of an
increase in amygdala responsiveness in participants who had
been subjected to sexual abuse did not reflect task or imaging
parameters. As reported in Supplemental Table 1, and seen in
Supplemental Figure 1, the amygdala showed strong responses
to looming relative to receding stimuli, threat relative to neutral
images and human faces relative to animals. However, this
amygdala responsiveness was not modulated by previously
TABLE 2 | Significant areas of activation from the initial 2 (Group: Subjected to sexual abuse, Comparison) by 2 (Direction: Looming, Receding) by 2 (Type: Human,
Animal) by 2 (Valence: Threatening, Neutral) ANOVA.

REGION BA Voxels X Y Z F-value hp²

Group-by-Direction-by-Valence
L medial frontal gyrus 10 68 −1 59 20 26.32 0.369
L superior frontal gyrus 10 29 −22 53 26 24.22 0.350
L superior frontal gyrus 8 26 −13 44 41 24.82 0.356
L posterior cingulate cortex 31 49 −1 −49 32 21.37 0.322
R superior temporal gyrus 38 31 41 14 −31 28.71 0.389
R inferior temporal gyrus 20 23 50 −7 −19 30.04 0.400
June 202
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being subjected to sexual abuse. There was no significant Group-
by-Direction, Group-by-Valence, or Group-by-Type within the
amygdala even at p < 0.05. We assume that this reflects a Type II
error perhaps as a result of specific features of the task/scanner
but future work will investigate this further.

rmPFC, vmPFC, and PCC have been implicated in assessing
the salience and relevance of emotional stimuli (17, 18, 33, 34).
The suggestion has been made that the intensity of an emotional
experience is due in part to the role of these cortical midline
structures in affect-based self-referent processing (35, 36). In
addition, it has been suggested that rmPFC is particularly
implicated in the maintenance of this emotional response (18).
As such, it can be speculated on the basis of the current data that
being previously subjected to sexual abuse may lead to a
heightened emotional response that reflects self-referential
Frontiers in Psychiatry | www.frontiersin.org 6156
emotional processing and emotional maintenance. The
amygdala may be implicated but the functioning of other
structures, particularly those involved in affect-based self-
referent processing and emotional maintenance, may be even
more impacted (at least by being previously subjected to sexual
abuse). One feature of the current results that is interesting in
this regard is that the interactions of group were with Direction-
by-Valence, not Direction or Valence alone. This is interesting
because in the current results and similar to our previous
experience with this task (19), there were no regions showing a
significant Direction-by-Valence (i.e., without Group) but
instead many regions showing strong (and partly regionally
overlapping) main effects for Direction and Valence (see
Supplemental Figure 1 and Supplemental Table 1). In short,
it can be speculated the Group-by-Direction-by-Valence
FIGURE 2 | Interactions of Group-by-Direction-by-Valence. Blood oxygen level dependent (BOLD) responses within (A) left medial prefrontal gyrus (−1, 59, 20);
(B) left posterior cingulate cortex (−1, −49, 32); (C) left superior frontal gyrus BA 10 (−22, 53, 26); and (D) superior frontal gyrus BA 8 (−13, 44, 41) to the Looming
Negative trials compared to the Looming Neutral and Receding Neutral trials.
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interaction represents a heightened appraisal of a self-referential
threat (i.e., a threat moving toward the individual) beyond more
stimulus-driven responses to looming and threat information in
participants previously subjected to sexual abuse.

The amygdala and rmPFC/vmPFC are not only responsive to
emotional stimuli but also to social stimuli, including human
faces (20, 21, 37, 38). This was seen in the current study also (see
Supplemental Table 1 and Supplemental Figure 1). Moreover,
patients with social anxiety disorder show atypically increased
activations or connectivity between the amygdala and rmPFC in
response to face stimuli (39, 40). However, being previously
exposed to sexual abuse was not associated with heightened
responsiveness to face stimuli in the current data. These data
indicate that while being previously subjected to sexual abuse
may increase threat responsiveness and increase propensity for
anxiety generally, it does not, at least according to these data,
particularly increase responsiveness of neural responses
associated with social anxiety.

The behavioral data are worthy of note. Participants were
generally faster to respond to receding than looming stimuli.
This presumably reflects a freeze response to approaching
dangers [cf. (41)]. Interestingly, adolescents previously
subjected to sexual abuse showed significantly greater increases
in RT to looming relative to receding (looming-receding) stimuli
relative to comparison adolescents. Notably, these group
differences in increases in RT for looming relative to receding
stimuli were most marked for human face stimuli. In short, these
data indicate that past sexual abuse may exaggerate the acute
threat response. In the context of the current study, with
relatively low level threats, this manifested as increased
freezing. However, with more intense threats, increased flight
or even reactive aggression can be anticipated [cf. (41)].
Moreover, this may be particularly marked for the highly
salient threat of approaching humans (even though a greater
response to human face stimuli was not seen in the BOLD
response data).

There are several caveats that should be noted with respect to
the current results. First, consistent with considerable previous
work (1–3), past sexual abuse was associated with significant
psychiatric psychopathology (see Table 1). Accordingly, the
current results might reflect psychopathology rather than
maltreatment. Ameliorating this concern is the fact that the
results of the main analysis largely held even after removal of
participants with the most common psychiatric diagnoses in this
sample (PTSD, MDD). Second, most adolescents who had
experienced sexual abuse had also experienced other forms of
maltreatment. As such, the findings might be associated with
other forms of maltreatment. This possibility cannot be
discounted. The current study was not designed to differentiate
associations with sexual abuse relative to other forms of
maltreatment. However, it is worth noting that core findings
remained even when other forms of maltreatment were included
as a covariate (see Supplemental Table 7). Third, medication
rates were significantly higher for participants who had been
subjected to prior sexual abuse relative to those who had not.
Frontiers in Psychiatry | www.frontiersin.org 7157
However, the results of the main analysis held even after
excluding part ic ipants on medicat ion (s t imulants ,
antidepressant, antipsychotics); see Supplemental Tables 4–6.
Fourth, the face stimuli used in this study were both male and
female. It is possible that face stimuli matching the sex of the
perpetrator of the adolescent’s sexual abuse might exaggerate
responsiveness to looming faces relative to animals.

In conclusion, we found that past sexual abuse was associated
with heightened neural responsiveness to looming threats in a
series of regions beyond the amygdala such as rmPFC and PCC.
At the neural level, there were no group differences with respect
to face stimuli or looming faces in particular. Behaviorally,
participants were slower to respond to looming than receding
stimuli and this effect was exaggerated in participants previously
subjected to sexual abuse particularly if the looming stimulus was
a human face. As such the behavioral data mirrored the BOLD
response data with respect to the interaction of sexual abuse with
the looming variable. However, they also suggested that there
may be differential sensitization to face stimuli following sexual
abuse that did not emerge in the neural data. These data are
interpreted within models of rmPFC and PCC cortices that stress
their role in self-referential emotional processing and emotional
maintenance (18, 35, 36). Sexual abuse may lead to an
exaggerated appraisal and maintenance of self-referential
threats (i.e., threat, perhaps particularly human threats, moving
toward the individual).
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Maternal depression is a major public health problem that typically occurs in the period
surrounding childbirth. The neurobiological mechanisms underlying maternal depression
have been the focus of increasing research and studies pointed to the crucial role of the
HPA axis in this disorder. However, most studies focused on cortisol expression and
regulation while recent attention has shifted to include the sulfate steroids DHEA and
DHEA-S. A community cohort of 1,983 women with no comorbid risk was recruited at
birth and depression was assessed periodically across the first postpartum year. At 6
years, 156 families were re-visited: 46 mothers were defined as chronically-depressed
and 103 controls reported no depression from birth to six years. Mothers and children
were diagnosed by structured psychiatric interviews and mother-child interactions were
observed. Maternal diurnal cortisol (CT) and dehydroepiandrosterone (DHEA) were
assessed. Depressed mothers had lower levels of DHEA (AUCg), flattened DHEA
diurnal variability (AUCi), and smaller DHEA-to-CT Ratio. Regression analysis
demonstrated that maternal sensitivity during mother-child interaction was
independently predicted by maternal depression, DHEA levels, child CT, and child
social withdrawal. Results underscore the need for multi-level understanding of the
dynamic interplay between maternal psychopathology, mother-child relationship, and
pituitary–adrenal-cortex-to-medulla balance in studying the cross generational transfer of
psychiatric vulnerability from depressed mothers to their children.

Keywords: HPA, maternal depression, cortisol, dehydroepiandrosterone, longitudinal studies
INTRODUCTION

Maternal Depression is a common condition and constitutes a major public health problem. During
pregnancy and the postpartum period the body is more vulnerable to many different disorders
including hypertension, diabetes, and cardiovascular disease, in addition to high stress and
psychopathology (1). One of the most investigated mechanisms of depression is dysfunction of the
g July 2020 | Volume 11 | Article 7281160
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HPA Axis. The functioning of the HPA system is thought to be
shaped in prenatal and early neonatal life through a variety of
proximate conditions, including maternal stress physiology,
contextual conditions, and parenting quality (2–4). Additionally,
the HPA axis is thought to play a crucial role in the initiation and
maintenance of depressive illness. The most thoroughly
investigated aspect of the HPA axis are variations in the
secretion of the stress hormone Cortisol (CT). During the days
and weeks after birth, there is a fall in cortisol and CRH (Cortisol
Releasing Hormone), which is especially marked in women
suffering from postpartum depression (5, 6). Glynn et al.
proposed that depressive postpartum symptoms may be due to
prenatal HPA axis dysregulation (7, 8).

However, CT is not the only stress-related hormone
associated with depression and malfunctioning and its
potential impact on offspring psychopathology. The adrenal
androgen dehydroepiandrosterone (DHEA) plays a critical role
in controlling mood and anxiety, and changes in DHEA levels
have been reported in conditions pertaining to increased stress
and psychiatric disorders (9, 10). It had been recognized as early
as 1952, that lower DHEA/DHEAS in adult life is associated with
neuropsychiatric disorders (eg schizophrenia, depression).
However, the mechanistic role for DHEA/DHEAS in any of
these domains remains speculative, not the least because the
presence of these androgens in the adrenal gland and brain is
largely confined to humans and a few non-human primates.
DHEA and DHEAS are dynamically regulated from before birth
and before the onset of puberty, and therefore an understanding
of the synthesis, regulation, and functions of this important
androgen pathway warrants attention. Davies (11) has stressed
the important role of the steroid sulfate axis for maternal mental
health and there evidence suggesting that maternal caregiving
may affect the psychological adjustment of offspring via these
hormonal mechanisms. Furthermore, these hormones seem to
have some therapeutic value (11). In a recent meta-analysis, there
seem to be a significant treatment effect for these hormones in
depression when compared to placebo (12) and DHEA and
DHEA-s were found to influence basic electrophysiological
processes. An interest finding in this regard is that depression
is accompanied by an attenuated DHEA and DHEA-S response
to acute psychosocial stress, which may help elucidate the
relationship between the HPA axis and stress (13). Thus,
higher DHEA-to-cortisol and DHEAS-to-DHEA ratios are
hypothesized to be involved in negative stimuli processing,
preventing the interference of negative stimuli in cognitive
tasks. DHEA-S may play important roles in cortical
development and plasticity, protection against negative affect
and depression, and might even enhance attention and overall
working memory (14). Alterations in DHEA activity seem to be
trait rather than state phenomena and are predictive of future
depressive episodes (15–17). Additionally, there is evidence of
anatomical structural changes in the brain related to these
findings. Thus, both pituitary (18) and hippocampal volume
appears to be reduced in depressive patients (16).

Maternal depression, both antenatal and postnatal, is
associated with reduced maternal sensitivity to offspring (19). In
Frontiers in Psychiatry | www.frontiersin.org 2161
a recent prospective study, it was found that the presence of
depressive symptoms augmented deficits in maternal sensitivity in
mothers who suffer from personality disorders (20). Moreover,
poor quality mother-infant interactions in the perinatal period
predicted is associated with suicidal ideation in pregnancy (21). In
a recent meta-analysis, the association of reduced maternal
sensitivity to maternal depression was clearly demonstrated, and
it may be that the pernicious influence of maternal depression on
child development is mediated by maternal sensitivity (22). The
HPA Axis appears to play a seminal role in maternal sensitivity
(7). For example, results from the Alberta Pregnancy Outcomes
and Nutrition Study, (a prospective longitudinal cohort of
pregnancy), suggested that maternal HPA axis is a means by
which early life stress in mothers is transmitted to their children.
The authors point out that their results show that the HPA axis is
sensitive to social stimuli (23). However, although much research
has been devoted to study mechanisms by which cortisol changes
are associated with depression (1), very little research has been
devoted DHEA and no study, to our knowledge, has focused on
DHEA in the context of maternal depression and the mother’s
observed caregiving.

Thus, the overall goal of this prospective longitudinal study
was to examine the vicissitudes of DHEA/CT ratio in depressed
mothers of preschoolers in a community cohort followed from
birth to six years. Two hypotheses were proposed; First,
depressed mothers will have lower DHEA levels than mothers
without depression in combination with a less dynamic DHEA
system (24), and that DHEA-to-CT ratio will be smaller for the
depressed group (16). Second, interactions between depressed
mothers and their children would be expected to be less optimal,
marked by lower maternal sensitivity and greater child social
withdrawal during social contact. Consistent with ecological
models on the determinants of sensitive parenting (25), which
suggested that both child biological factors and parental
characteristics contribute to the development of sensitive
parenting, in addition to recent evidence that child and
maternal cortisol are inter-correlated in the context of
maternal depression (26) we expected that maternal hormones
and depression will predict the degree of maternal sensitivity
during naturalistic interactions with her child.
METHODS

Methods of the study have been reported extensively in our
previous publications, and are summarized here briefly (27, 28).
We included Figure 1, which details the five ways of sample
recruitment and follow-up from birth to six years, including the
exact number of participants at each wave and numbers lost
to attrition.

Participants
Participants were recruited in five waves of data collection
utilizing an extreme-case design as follows: 1,983 consecutive
admissions to maternity ward were included in the initial sample.
Inclusion criteria were physically healthy mothers, a healthy,
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term, and singleton infant, and stable family situations with low-
risk socio-economic status: mother age above 21 years,
completed high-school education, cohabitating with infant
father, and family above poverty line. The initial assessment
included demographic questionnaires, BDI [Beck Depression
Index (29)] and STAI [State-Trait Anxiety Inventory (STAI)
(30)]. Six months later the mothers were reassessed and divided
to those with high BDI scores (>11) and low scores (0–5),
respectively. At nine months, we approached 350 mothers for
reassessment, of which 254 responded. Of the 254 mothers who
responded at nine months, 210 were contacted who had high and
low depressive symptomatology without high anxiety symptoms
Frontiers in Psychiatry | www.frontiersin.org 3162
(STAI>43). Of those, 192 agreed to a home visit, which included
the Structured Clinical Interview for DSM-IV Axis I Disorders
(SCID-I; (31). At all stages of the evaluation there were no
differences in the demographic characteristics between those
who agreed or disagreed to participate in the study. At 6 years,
156 mothers and children were revisited. At this stage, two final
study groups of mothers remained: those with high depressive
symptoms from birth (n=46), and those with no psychiatric
diagnosis from 9 months to 6 years. No differences in
demographic factors were found between these two groups
(Table 1). The study was approved by the Institutional Review
Board and all participants signed an informed consent.
FIGURE 1 | Flow chart depicting sequence of assessments.
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Procedure and Measures
All interviews were conducted at home, in the afternoon, after
3:00PM.Mothers were administered the DAWBA (32) and then the
SCID (31), and the child was evaluated with a neuropsychological
test, the NEPYS and Vocabulary part and Block sub-test from the
WIPPSI. In addition, the children underwent emotion regulation
and empathy paradigms. Mother and child were videotaped in a 10-
min interaction with age-appropriate pre-selected toys. Mothers
were given 12 tubes for diurnal salivary samples collection from
themselves and the child (3 per day) by passive drool on two
consecutive weekend days of the same week.

Maternal Psychiatric Diagnosis was by SCID-I (31), 46 mothers
(29.6%) were defined as chronically depressed. These mothers
showed high depressive symptoms (BDI >11) at birth, six, and
nine months, received a clinical diagnosis of MDD at both nine
months and 6 years, and reported being depressed throughout most
of the child’s first six years. One hundred and three mothers (66%)
non-symptomatic mothers formed the control group,

Hormone Collection and Analysis
Cortisol and DHEA Diurnal Collection
Participants were provided with detailed instructions for collecting
saliva. Samples were collected upon wakening, 30min after wakening,
and before going to bed.Mothers and children were asked to chew on
salivates (Sarstedt, Rommelsdorft, Germany) until saturation on two
consecutive days. Mother received salivates for cortisol and DHEA
assays, and the children for cortisol alone. Participants kept a
collection diary in which they noted exact awakening and sampling
times for each sampling day. Salivates were stored at −20°C until
analysis. Child results are reported elsewhere (28).

Cortisol Analysis was done using standard procedures and
described in our original paper (27).

DHEA Analysis was done using standard procedures described
by our group elsewhere (33): In order to precipitate the mucus,
samples underwent several freeze-thaw cycles. After the fourth cycle
the tubes were centrifuged at 1,500 x g (@3,000 rpm) for 20 min.
Supernatants were collected and stored at -20°C until assayed.
Determination of DHEA was performed using a commercial
DHEA ELISA kit (Salimetrics, USA). Salimetrics DHEA kit is a
competitive immunoassay specifically designed for the quantitative
measurement of salivary DHEA. On the day of assay, samples were
thawed, and 50 micro-liters were pipette into the appropriate well of
the kit. Measurements were performed in duplicate and the
concentrations of samples were calculated by using MatLab-7
Frontiers in Psychiatry | www.frontiersin.org 4163
according to relevant standard curves. The intra-assay and inter-
assay coefficients are 20.9 and 22.7 percent, respectively.

Two measures were calculated for diurnal CT and DEHA:
area under the curve with respect to ground (AUCg) and area
under the curve with respect to increase (AUCi) (34). The AUCg
is an estimate of the total diurnal CT or DHEA secretion over six
measurements (3 times a day, for two consecutive days: waking,
noon and evening) (28). The AUCi is a measure of the dynamic
increase of diurnal secretion, associated with the variability and
sensitivity of the system and emphasizing changes over time
during the days (34).

Mother-Child Interaction
10 min of mother-child interaction with a set of pre-selected toys
were filmed and coded with the Coding Interactive Behavior (CIB)
manual [for review: (35)], a coding system that has shown good
psychometric properties and have been utilized across the world in
research spanning infancy to adulthood. We have described this
procedure in previous reports (36). In brief, interactions are coded
offline on 52 scales that are combined into eight theoretically-
determined maternal, child, and dyadic constructs. In the current
study, we focused on the construct of maternal sensitivity, which
includes codes related to the expression of maternal behavior (e.g,
positive affect, warm vocalizations, continuous social gaze),
adaptation to the child’s state and signals (e.g., appropriate
range of affect, resourcefulness), and the provision of a secure
base (e.g., maternal supportive presence). Maternal sensitivity is
the key construct that describes the mother’s growth-promoting
style in attachment research. The CIB maternal sensitivity
construct has been shown to be individually stable from infancy
to adolescence, associated with a host of positive child outcomes,
and compromised in multiple high-risk conditions (35). In
addition, we used the CIB Child Social Withdrawal, which
comprises codes related to child avoidance, distancing from
mother, negative/withdrawn mood, and minimal social
involvement and has shown to be altered in children of
depressed mothers (37, 38).

Statistical Analysis
Differences between depressed and non-depressed mothers and
their children in diurnal and reactive hormone levels and
behavior were tested with ANOVA. Hierarchical multiple
regression was used to predict maternal behavior by maternal
depression and maternal and child hormonal profiles.
TABLE 1 | Demographics information for depressed and non-depressed groups.

Non-depressed Depressed Statistics

Mean SD Mean SD T value

Mother education 14.24 2.54 13.97 2.78 0.54, ns
Mother age (years) 37.05 4.12 35.74 4.9 1.76, ns
Child age (months) 76.51 24.69 71.33 13.46 1.84, ns
Child gender c2(5) = 0.25, ns
Male% 52.7% 57.5% 54.2%
Child birth order c2(1)=3.50, ns
Firstborn% 36.2% 54.1% 41.1%
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RESULTS

Group Differences in Hormonal Profiles
and Interactive Behavior
Hormones
Depressed mothers showed significantly lower levels of total
diurnal DHEA secretion, lower variability of DHEA, and smaller
DHEA to CT Ratio compared to controls (Table 2, Figures 2A–
D). We have reported elsewhere on child CT levels. In short
diurnal cortisol secretion in mothers was associated with that of
the child (39).

Interactive Behavior
Depressed mothers showed less sensitivity during mother-child
interaction compared to non-depressed mothers. Children of
depressed mothers were more withdrawn during interactions
with their mother compared to children of non-depressed
mothers (Table 2).

Maternal Sensitivity was negatively associated with Child
Withdrawal during mother-child interaction, r=-.381, p<.001.
Maternal Sensitivity correlated with higher mother’s (AUCg)
diurnal DHEA production, r= 0.157, p<.05 and diurnal DHEA
variability (AUCi) r=.187, p<.05.

Predicting Maternal Sensitivity From
Maternal Depression and Mother and
Child Hormones
A hierarchical multiple regression was computed to predict
maternal sensitivity from maternal and child stress-related
hormones in the context of chronic maternal depression.
Variables were entered in four theoretically-determined order
to test the unique effect of neuroendocrine markers in mother
and child above and beyond the effect of depression. In the first,
step, maternal depression was entered to control for its effect on
maternal sensitivity. In the second block, maternal DHEA level
(AUCg) and variability (AUCi) were entered, and in the third
block, child CT level (AUCg) and variability (AUCi) were
entered. In the final block, child social withdrawal during
Frontiers in Psychiatry | www.frontiersin.org 5164
mother-child interaction was entered to address the impact of
child social involvement and withdrawal on the mother’s
sensitive behavior. Results regression model appear in Table 3
and detail the four steps of the model. As seen, each step
contributed meaningfully to the prediction of maternal
sensitivity, indicating that maternal depression, maternal and
child stress-related neuroendocrine markers, and child social
behavior jointly impact the mother’s sensitive style. In
combination, the variables included in the model explained
43% of the variability in maternal sensitivity.
DISCUSSION

The major novel finding of this study was the close association
between maternal depression and maternal DHEA hormonal
activity. It may be that elevated stress activates the HPA axis
either as a result of maternal depression or alternatively as a
cause of maternal depression. Our results point to dysregulation
of maternal HPA functioning as expressed by disturbances in
DHEA secretion and the DHEA-to-Cortisol ratio. As expected,
mothers with a chronic history of depression showed flattened
diurnal curves. The most common explanation for such flattened
curve is that an “allostatic overload” of the HPA system from
exposure to prolonged stress leads to exhaustion of the system,
resulting in inflexible hormonal production (40). Interestingly,
similar findings have been shown with patients suffering from
“Burnout” (41), and also from a history of physical abuse in early
life (42).

The concept of “allostatic load” has received increasing
attention and some researchers have even recommended
placing it alongside in importance to traditionally recognized
cardinal factors such as genes and the environment (43).
Although in the past interest in “allostatic load” has mainly
been limited to CT expression, it now seems that the allostatic
load story “is a tale of two axes” (44). The second axis being the
sulfate steroid axis, and our mothers with a history of depression
showed both lower levels and flatter diurnal curves of DHEA.
There is much evidence to show that the DHEA to CT ratio has a
pivotal role in depression particularly in a developmental
context, as has been recently reviewed (45). The authors
concluded that absolute and relative hormone levels of DHEA
and CT may be relevant in understanding developmental
psychopathology and the two hormones may have opposing
effects, and speculate that these hormones may be the basis for
developing biomarkers that are relevant when making a clinical
diagnosis. Interestingly, CT to DHEA ratio have been found to be
markers of emotional resilience in rats in animal models,
independent of the presence or absence of depression (46).
This ratio was altered following reproductive experience. Thus,
this endocrine ratio may be particularly relevant for maternal
depression (47).

Our findings also support Girdler et al. (24) suggestion that
neuroactive steroids are mainly synthesized in the adrenals and
that a history of depression may be associated with persistent
adrenal suppression (24). Indeed, we show that the DHEA to
TABLE 2 | Differences in hormonal measures and maternal sensitivity according
to maternal depression.

Depressed
Mothers

Non-Depressed
Mothers

T

Mean SEM Mean SEM

Maternal DHEA AUCg 279.35 24.38 391 48.29 2.07*
Maternal DHEA AUCi -570.02 59 -903.89 187.25 1.701*
Maternal DHEA-CT .03 .02 .09 .01 1.8*
Child CT AUCg 3777.85 227.95 2910.26 80.27 3.59**
Child CT AUCi -3784.84 217.78 -3140.97 252.98 1.93*
Maternal Sensitivity 3.37 0.13 3.75 .06 2.65*
Child Withdrawal 1.5 .11 1.21 .03 -2.56*
Differences between depressed mothers and non-depressed mothers, and their children
in means and SEM of mother’s and child’s diurnal cortisol and DHEA secretion and
variability and maternal sensitivity and child withdrawal CIB scores at 6 years *p < .05
**p < .01.
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CT ratio was significantly lower in depressed mothers
compared to controls; it seems that DHEA secretion was even
more sensitive than CT to allostatic pressures in depressed
mothers, a finding that may be of interest when developing new
therapeutic strategies for chronic maternal depression (9, 12).
There is some evidence that the beneficial effects of these agents
Frontiers in Psychiatry | www.frontiersin.org 6165
are mediated by the regulation of the HPA axis (48). Depressed
mothers tend to respond less sensitively to their infants’ signals
(49), which in turn may affect the infants’ ability to regulate
stress and negative emotions (38) and engage in social
interactions (50). Results of the regression model from the
current study may shed further light on this interplay among
A B

C

E

D

FIGURE 2 | (A) Mother’s dehydroepiandrosterone (DHEA) diurnal secretion in depressed and non-depressed mothers at 6 years. *p<0.05. (B) Mother’s and child’s
cortisol diurnal secretion in children of depressed and non-depressed mothers at 6 years. *p<0.05. (C) Mother’s DHEA diurnal variability in depressed and non-
depressed mothers at 6 years. *p<0.05. (D) Mother’s and child’s cortisol diurnal variability in children of depressed and non-depressed mothers at 6 years. *p<0.05.
(E) DHEA-CT ratio in depressed and non-depressed mothers at 6 years. *p<0.05.
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the different levels of functioning. Maternal sensitivity during
interaction with her child was predicted by the mother’s
depression, her DHEA levels, and her child’s withdrawal
behavior and cortisol levels. Taken in conjunction with the
association between low child cortisol secretion and variability
and child withdrawal when interacting with the mother, we can
surmise that the interplay between cross- generational HPA
function, mother-child relationship, child behavior, and
maternal depression are all inextricably intertwined leading to
greater child psychiatric vulnerability (51, 52). A recent study,
(3) showed an association between maternal depression and
infant HPA axis sensitization. In this study, CT reactivity was
increased and also magnified over time. This pattern of
response predicted maternal depressive disorder, which in
turn was related to poorer infant development. It has been
reported that mothers’ sensitivity is related to bonding and
social and emotional behavioral problems (53). Thus,
maternal factors impacting the quality of mother-child
interaction are important for children’s positive social-
emotional development.

It is still uncertain as to whether hyperactive stress responsivity
is associated with affective disorder via changes occurring
overtime due to chronic stress response and whether these
findings will fit a classic “allostatic load” model which indicates
that elevated HPA activity results in accumulated “wear and tear”
(54, 55). However, whereas studies report contradictory results
with regards to hyper or hypo-cortisolism following early stress, it
appears that the most consistent finding is reduction in the
system’s variability and flexible response to both daily states and
momentary stressors (56). Overall, our findings highlight the
complexity of HPA functioning in the face of acute or chronic
stress and the need for an integrative multi-level understanding of
the vicissitudes of maternal psychopathology, associated stress,
mother-child relationships, pituitary–adrenal-axis, and medulla
interplay when attempting to tease apart the bio-behavioral
mechanisms underlying some of the well-known devastating
effects of maternal depression on children.

Limitations include the decision to exclude mothers with
comorbid anxiety disorder. This may limit the generalizability
of our results, since anxiety is highly comorbid with
Frontiers in Psychiatry | www.frontiersin.org 7166
depression. Thus, future studies may be needed to look at a
group of mothers suffering from depression with comorbid
anxiety. Furthermore, although salivary cortisol and DHEA
are well accredited methodologies these are peripheral
measures and may not reflect actual central nervous system
activity. In addition, paternal psychopathology was not
assessed. Finally, our findings remain to be integrated with
the vast network of variables that act within the central
nervous system and our knowledge and abi l i ty to
understand and work with the multiple arrays of factors
involved is necessarily limited (27). The current findings
shed further light on these complex systems and future
research is needed to advance our efforts to help children of
depressed mothers already in the first years of life through the
construction of more specifically targeted early interventions.
These results raise the intriguing possibility that in the future
vicissitudes of DHEA regulation may be used as a biological
marker for maternal sensitivity and/or the quality of the
mother-child dyadic relationship. Such a marker could
prove invaluable in the assessment of techniques to improve
the maternal sensitive caregiving.
DATA AVAILABILITY STATEMENT

The datasets generated for this study will not be made publicly
available because: privacy of subjects (minors) and their
mentally-ill mothers.
ETHICS STATEMENT

The studies involving human participants were reviewed and
approved by Bar Ilan University Ethics Committee. Written
informed consent to participate in this study was provided by
the participants’ legal guardian/next of kin.
AUTHOR CONTRIBUTIONS

RF designed the study and conducted the follow-up and
wrote the paper. YA-L conducted the 6-year follow-up,
analyzed the data, and wrote the paper. OZ-S conducted the
hormonal analysis.
FUNDING

The study was supported by the Israel Science Foundation (08/
1308), NARSAD independent investigator award to RF, the
Irving B. Harris Foundation, and the Simms Foundation.
TABLE 3 | Hierarchal regression analysis predicting maternal sensitivity
correlates.

B SEB b Adjusted R2

Step 1
Maternal Depression -.64 .16 -.42** .17

Step 2
Mother DHEA AUCg -2.51 1.10 -.57*
Mother DHEA AUCi .38 .29 .27 .23

Step 3
Child CT AUCg -.48 .64 -.27*

\ Child CT AUCi .15 .09 .16 .28
Step 4

Child withdrawal -.52 .15 -.35** .38
R2 Total = .43 F(6,65) = 8.443, p <. 001.
*p < .05 **p < .001, sample size=137 mother and child.
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Patients with schizophrenia spectrum disorders experience severe difficulties in
interpersonal communication, as described by traditional psychopathology and current
research on social cognition. From a linguistic perspective, pragmatic abilities are crucial
for successful communication. Empirical studies have shown that these abilities are
significantly impaired in this group of patients. Prosody, the tone of voice with which words
and sentences are pronounced, is one of the most important carriers of pragmatic
meaning and can serve a range of functions from linguistic to emotional ones. Most of the
existing literature on prosody of patients with schizophrenia spectrum disorders focuses
on the expression of emotion, generally showing significant impairments. By contrast, the
use of non-emotional prosody in these patients is scarcely investigated. In this paper, we
first present a linguistic model to classify prosodic functions. Second, we discuss existing
studies on the use of non-emotional prosody in these patients, providing an overview of
the state of the art. Third, we delineate possible future lines of research in this field, also
taking into account some classical psychopathological assumptions, for both diagnostic
and therapeutic purposes.

Keywords: communication, non-emotional, prosody, pragmatics, psychopathology, linguistics, schizophrenia spectrum
INTRODUCTION

Schizophrenia Spectrum and Communication: Disorders
of Pragmatic Abilities
Patients with schizophrenia spectrum disorders typically present with significant difficulties in
social functioning that can occur in various areas, including in interpersonal communication (1).
Schizophrenia has traditionally been described primarily as a communication disorder (2–6). There
is currently a great interest in this topic in social cognition research (7).
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Successful interpersonal communication relies on conversation
partners being able to express and perceive different content via
their verbal or nonverbal messages. Pragmatics, the branch of
linguistics that takes into account the relationship between
language and its context, including the correct interpretation of
non-literal contents, plays a major role (8). Empirical studies
focusing on language have shown a severe impairment of
pragmatic abilities (like the capacity to comprehend humor,
irony and metaphors) (9, 10) in patients with schizophrenia
(11). Moreover, pragmatic deficits negatively correlate with
global social functioning (8), significantly contributing, therefore,
to the difficulties in social interaction displayed by these
patients (12).

Impairments in the comprehension of non-literal meanings,
referred to as “concretism” (13), have always been considered
distinctive traits of the schizophrenia spectrum by psychopathology.
In addition, there is a strong connection between these
communication difficulties and one of the core features of the
disorders (14, 15), the so-called “hypoattunement” (16, 17) with
others, i.e., the incapacity to intuitively grasp unwritten rules of
social interactions.

Prosody as a Fundamental Pragmatic Tool
One of the most important carriers of pragmatic meaning is
prosody, the tone of voice with which words and sentences are
pronounced (18–20). Thus, pragmatic abilities are strongly
Frontiers in Psychiatry | www.frontiersin.org 2170
dependent on prosodic encoding and decoding, achieved mostly
through the modulation of fundamental frequency, duration and
intensity (18). Prosody is used to divide utterances into chunks, or
prosodic phrases, involving the insertion of boundary tones
marking the edges of these phrases (18). It also has the role of
highlighting certain elements within these phrases by means of
accentuation (18). It is important to explore the range of meanings
prosody can convey which are often difficult to tease apart
and frequently expressed simultaneously. Prosody can have
grammatical, pragmatic or emotional functions (21), also referred
to as linguistic (grammatical and pragmatic) and paralinguistic
(emotional) (22), constituting a continuum (22), as proposed by
Grice and Baumann in their model (22) (see Figure 1).

At a grammatical level, prosody can provide lexical and
syntactic information. For example, in some cases prosody
indicates a change in grammatical class (e.g., the word “permit”
in English with stress on the first syllable is a noun, while with
stress on the second syllable, it is a verb) (18). Prosody can also be
used to resolve ambiguities in syntactic structure, such as the
attachment of modifiers or relative clauses (e.g., “Jane looked at the
man with the binoculars”, in which the binoculars are either used
as a viewing device by Jane, or being held by the man being looked
at). Prosody can be used to discriminate between questions and
statements (18), a function at the interface of grammar and
pragmatics. The pragmatic role of prosody can be crucial. In
fact, prosody is often the most important means to transmit and
FIGURE 1 | Categorization of prosodic functions [adapted by the authors from Grice and Baumann, (22) and Krüger (18)].
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understand the communicative purpose of the speaker, helping to
distinguish whether a certain phrase is an order, a desire, a
promise or a threat. Another important pragmatic role of
prosody is the structuring of the elements of a statement in
terms of their “givenness”, i.e., whether the element is new or
was mentioned before, and therefore given. For example, “I bought
a car[NEW]” refers to the car for the first time (new). A follow-up
utterance “Do you want to see the car[GIVEN]?” refers to the car for
a second time and it is therefore given. Referents can also be in
focus or in the background (18). For example, in a context such as
“What did you buy?” “I bought a car[FOCUS]”, the car is in focus,
whereas in the context “Did you buy a new car?" "No, I borrowed
[FOCUS] a car[BACKGROUND]” the car is in the background.
Moreover, prosody plays a role in controlling turn-taking, e.g.,
rising pitch indicating the speaker has not yet finished. Finally,
prosody can express the emotional state of the speaker (18). Note
that such functions (listed in Figure 1) are not always clearly
distinct and the use of emotional prosody greatly contributes to
promoting contextualization in communicative interactions. In
recent years, there has been considerable development of
technological tools for experimental linguistics, which has
permitted the study of these aspects of language in greater depth.

Research on Prosody in Schizophrenia
Spectrum Disorders: State of the Art and
Purpose of This Review
Most of the literature on prosody in patients with schizophrenia
spectrum disorders has focused on recognition of emotional
functions. There is a general consensus on significant impairments
in this capacity, despite the heterogeneity of the tasks used (23, 24).
However, these deficits only partially explain the difficulties in
communicative situations displayed by these patients. Some of the
communicative impairments could be further accounted for by
difficulties with non-emotional prosody which have scarcely been
investigated in patients with schizophrenia spectrum disorders.

The present paper summarizes the main existing studies on the
topic. It provides an overview of the state of the art, with papers
selected from a search on PubMed and Google Scholar of those
published in the period between 1990 and November 2019 (search
strategies: schizo* AND prosod*; psychosis AND prosod*;
schizophrenia AND prosody NOT emotion NOT affect;
Frontiers in Psychiatry | www.frontiersin.org 3171
psychosis AND prosody NOT emotion NOT affect). From the
initial 217 papers, we finally selected 11 studies reporting on
patients with any of the following diagnoses: schizophrenia,
schizoaffective disorder, first episode psychosis, persons at risk
of psychosis, schizotypal personality disorder. We considered all
the articles referring to schizophrenia spectrum, together with first
episode psychosis and conditions at risk of psychosis, in order to
include the whole continuum of different stages of schizophrenia
psychopathology (from vulnerability and trait conditions to full-
blown disorder). Therefore, the diagnoses of affective psychosis or
other psychotic, non-schizophrenia disorders were excluded. We
only selected studies in which these groups were compared with
healthy controls in their ability to perceive and/or produce non-
emotional prosody. Finally, studies had to be written in English. In
addition, we manually searched for papers from reference lists of
the main articles and reviews, finding one additional study. While
focusing mainly on findings regarding pragmatic prosody, we also
included results on grammatical prosody, as these are not always
clearly distinguishable. Building on this review, the aim of the
paper is to identify controversies and limitations of this important,
though relatively thin, strand of literature and to delineate possible
future lines of research in this field, guided by classical
psychopathological notions.
PERCEPTION OF NON-EMOTIONAL
PROSODY IN PATIENTS WITH
SCHIZOPHRENIA SPECTRUM
DISORDERS

Although some studies found an intact performance, there is
evidence of a deficit in the perception of non-emotional prosody
in patients with schizophrenia spectrum disorders. Below we
present the empirical evidence following the continuum of
prosodic functions (see Figure 1). Table 1 provides an
overview of all studies mentioned in this section.

To our knowledge, no study has assessed the role of prosody to
provide lexical information in patients with schizophrenia spectrum
disorders so far. The perception of prosody to resolve syntactic
ambiguity has been tested by Rabagliati and colleagues (30). In their
TABLE 1 | Perception of non-emotional prosody by patients with schizophrenia spectrum disorders.

Grammatical Pragmatic

Functions Syntactic structure Speech acts Information
structure

Details Prosodic phrases Question/Statement Order/Command Irony (including sarcastic
irony)

Background/Focus/
Contrast

Diff. bt.
Groups

Matsumoto et al. (25)
(not sign.)

Pawełczyk et al. (26)
Caletti et al. (27)

Pawełczyk et al. (26) Leitman et al. (28),
Kantrowitz et al. (29)

Matsumoto et al. (25)

No diff. bt.
Groups

Rabagliati et al. (30) Matsumoto et al. (25)
Edwards et al. (31)
Castagna et al. (32)
Pawełczyk et al. (26, 33) (FEP,
UHR, relatives)

Pawełczyk et al. (26, 33) (FEP,
UHR, relatives)
Caletti et al. (27)

Murphy and Cutting
(34)
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study, participants with schizophrenia were instructed to
manipulate a set of objects on the basis of sentences with
variations in the phrasing, determining a bias toward or against a
target instrument [e.g., “You can poke the frog… with the feather”
vs “You can poke… the frog with the feather” (30)]. The use of the
linguistic cues was investigated by tracking eye movements. Results
showed that patients and healthy controls did not differ in task
performance. This prosodic function was also evaluated by
Matsumoto and colleagues (25), who tested patients with
schizophrenia and healthy controls in the discrimination of pairs
of sentences that differed only in phrasing (like in “Francis, the
doctor is ready to begin” and “Francis, the doctor, is ready to begin”)
(35, 36). Although patients showed a reduced capacity to recognize
these changes, the difference did not reach significance. The same
study investigated another prosodic function, namely the
discrimination between questions and statements. Sentences (e.g.,
“She plays the flute”) (35, 36) were pronounced with an intonation
indicating either a question or a statement. Patients had to detect
and point out the difference. The authors did not find an
impairment regarding this ability. These findings were replicated
in studies with a similar design, where sentences spoken with
statement or question intonation were to be correctly identified.
These studies also enrolled patients with first episode schizophrenia
(31, 32). Contrary to these findings, Pawełczyk and colleagues (26,
33, 37) recently reported a significant difference between patients
with schizophrenia and healthy controls in the use of prosody to
decode the communicative purpose of the speaker. They tested
patients with schizophrenia, patients with first episode
schizophrenia, participants at ultra-high risk of psychosis and
first-degree relatives of patients with schizophrenia by means of
the “Right Hemisphere Language Battery”. This comprises tasks
assessing several pragmatic capacities, including abilities in prosodic
processing. Participants listened to sentences read with a statement,
question, or command intonation, and indicated for each of them
their respective communicative purpose. Apart from the difference
between patients with schizophrenia and healthy controls, the
authors did not find a difference among subjects at high risk of
psychosis, patients with first episode schizophrenia and healthy
controls. The ability to detect the same intonation patterns was
tested by another recent study (27), which included patients with
first episode psychosis (affective and non-affective) and healthy
control subjects. Semantically neutral sentences were pronounced
with the same three intonation patterns (question/statement/
command) and participants had to choose the correct one. The
results showed lower scores in both patient groups as compared to
controls only regarding the capacity to correctly map question
intonation, while no impairment was found for statement and
command patterns. Likewise, Leitman and colleagues and
Kantrowitz and colleagues (28, 29) investigated the use of prosody
to identify speech acts, this time sarcastic irony. They found a deficit
in patients with schizophrenia in comparison to healthy controls in
the capacity to correctly interpret sentences read in a sincere or
sarcastic manner.

Finally, we turn to information structure. Items that are new
or in focus are often prosodically highlighted. Murphy and
Cutting (34) compared patients with schizophrenia, bipolar
Frontiers in Psychiatry | www.frontiersin.org 4172
disorder in a manic phase, major depression and a group of
healthy controls in their ability to recognize the highlighted word
in a set of sentences. The authors did not find impairments in
patients with schizophrenia. These results conflict with those of
Matsumoto and colleagues (25), who also tested patients’ ability
to discriminate highlighted words. They used sentence pairs (like
“The orange flowers smell very sweet” vs “The orange flowers
smell very sweet”) (35, 36) and found a significant impairment in
patients with schizophrenia as compared to controls.
PRODUCTION OF NON-EMOTIONAL
PROSODY IN PATIENTS WITH
SCHIZOPHRENIA SPECTRUM
DISORDERS

The production of non-emotional prosody in patients with
schizophrenia spectrum disorders has been investigated mainly
in terms of acoustic parameters of patients’ speech. Generally,
the experiments used to analyze participants’ discourse consisted
of clinical interviews (38), free speech tasks (39–43), descriptions
of images (44–46) or reading tasks (39, 41, 47). Compared to
that of healthy control subjects, the speech of patients on the
schizophrenia spectrum appears less fluent (40), contains more
and longer pauses (44, 47) as well as less pitch variability
(measured as the variance of fundamental frequency for each
syllable) (40, 43). Although prosodic parameters were associated
neither with antipsychotic dosage (38, 47) nor with positive
symptoms (46, 47), an association with negative symptoms was
found (38, 40, 46, 48). Moreover, illness-duration had an effect
on the performance of patients in prosodic tasks (47). Subjects
with schizotypal personality disorder were shown to exhibit a
slower speech, with more pauses and less variability in pitch, as
compared to healthy controls (41), whereas Cohen and
colleagues (45) found differences in prosodic traits only for
subjects with negative schizotypal traits.

For the productive use of linguistic prosody, the previously
reported study by Murphy and Cutting (34) also tested patients’
ability to highlight a specific word (and thus to indicate its
information status). The sentences read aloud by participants
were recorded and rated by four raters according to the question
which word sounded highlighted to them. The authors did not
find a difference between the groups in this task. To our
knowledge, only one study, conducted by Michelas and
colleagues (49), specifically focused on the production of
pragmatic prosody. The authors tested a group of patients with
schizophrenia and healthy controls regarding their capacity to
signal the focus or background status of an element in a sentence.
Participants had to explain to a confederate a designated route on
a map, with pairs of landmarks, each composed of two noun-
adjective fragments. The pairs could contain the same noun and
a different adjective, e.g., bonbons marrons (“brown candies”) vs.
bonbons violets (“purple candies”), (49) or a different noun and
the same adjective, e.g., bougies violettes (“purple candles”) vs.
bonbons violets (“purple candies”) (49). Participants had to use
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prosodic phrasing to encode the contrastive status of the referent.
Even though patients had the ability to produce the same types of
phrasing as control participants, they did not appropriately
adjust their use of phrasing to the context.
DISCUSSION

The Role of Non-Emotional Prosody in
Schizophrenia Spectrum: The Evidence
So Far
Altogether, there is evidence that in patients with schizophrenia
spectrum disorders the capacity for processing grammatical
prosody is intact, both with respect to the ability to use
phrasing to resolve syntactic ambiguities (30) and with respect
to the identification of a question or statement intonation (25, 31,
32), although for the latter there is no general consensus (26, 27).
It should be noted that a possible limitation of these studies
might be the high simplicity of the tasks, e.g., in (25) patients
were required simply to signal if two intonations (question/
statement) were different, without having to identify them.When
assessing more specifically the prosodic expression of pragmatic
functions, these patients show specific impairments as compared
to controls (26, 28, 29). In terms of the identification of the
speaker’s communicative purpose, the literature focuses on the
detection of sarcasm (28, 29) and commands (26). Moreover,
patients seem to be impaired in their capacity to use prosody to
decode and encode the structural information of a sentence with
regard to given/new and focus/background elements (25),
although other results conflict with this finding (34). Again,
the simplicity of the task of the study of Murphy and Cutting (34)
might partially explain the inconsistency of these results.

The use of non-emotional prosody in patients with
schizophrenia spectrum disorders has seldom been compared
with other clinical groups. Edwards and colleagues (31) did not
find significant differences in performance among patients with
first episode schizophrenia, first episode affective psychosis or the
first episode of other psychotic disorders in their ability to
distinguish between a statement and question intonation,
similar to the findings of Caletti and colleagues (27). Likewise,
in the study of Murphy and Cutting (34), patients diagnosed with
schizophrenia, mania, and depression did not differ from the
healthy controls regarding their use of pragmatic prosody when
recognizing and encoding a highlighted word in a sentence. Few
studies investigated a possible association of the perception and
production of prosody with clinical measures. Schizophrenia
illness duration and antipsychotic treatment dosage have not
been shown to correlate with the ability to use prosody to encode
the contrastive status of a referent (49) nor with sarcasm
detection (29). Results on the relationship with the principal
symptom dimensions are controversial. The accuracy to
discriminate background/focus information by means of
prosodic cues appears negatively correlated with positive
symptoms (25), while Michelas and colleagues (49) did not
find a relationship between clinical symptomatology and the
ability to use prosody to encode the contrastive status of a
Frontiers in Psychiatry | www.frontiersin.org 5173
referent. The ability to detect sarcasm was not associated with
positive symptoms, but it correlated with avolition (28). The
capacity to correctly map question, statement or command
intonation patterns was associated neither with positive
symptoms, nor with negative ones (27) in people with first
episode psychosis. Altogether, the evidence so far is too scant
to draw firm conclusions about these correlations.

Finally, the capacity to use pragmatic prosody was associated
with Theory of Mind scores (49) and a significant positive
correlation was found between the ability to detect sarcasm
and general functioning (29).

In sum, results about the relationship between the use of non-
emotional prosody and vulnerability to psychosis (27, 33, 37) are
inconclusive. Evidence for impairment in non-emotional
prosody processing in first-episode schizophrenia, in ultra-high
risk- or in first-degree relative groups was not found, but this last
result (33) was not confirmed in larger samples of patients with
first episode schizophrenia (27, 37). Interestingly, the Right
Hemisphere Language Battery was not originally conceived for
patients with schizophrenia. Some tasks may be too simple for
less chronically affected patients or unaffected subjects.

The main limitation of the present review is that it is not a
systematic one. Nevertheless, to our knowledge this is the first
attempt to date to sum up the existing literature about the use of
non-emotional prosodic cues by patients with schizophrenia
spectrum disorders.

Perspective on Future Research
The existing literature focusing on the use of non-emotional
prosody in patients with schizophrenia spectrum disorders is still
very limited. Further research is needed to shed light on the
existing results. We suggest that these lines of research should
be extended, for a deeper understanding of the specific
communicative impairments underlying the disorders. This in
turn could contribute to a better diagnosis and possibly help
discriminating between schizophrenia and other psychiatric
conditions in the future. Moreover, there is evidence of the
efficacy of training targeting both pragmatic skills and the use of
prosody (50, 51). This could help to design specific and more
sophisticated tools, paving the way towards new promising
therapeutic approaches.

We have identified some possible points to be addressed by
the future research agenda regarding the use of non-emotional
prosody by patients with schizophrenia spectrum disorders. The
following require investigation:

1. A number of prosodic functions that have not been investigated
so far. These include (a) The capacity to understand other
speakers’ communicative purposes conveyed through prosody,
beyond those already tested (sarcasm and commands),
especially the ability to correctly detect a threatening
disposition. As previously mentioned, the core feature of
schizophrenia spectrum is an impairment in the tacit
understanding of social situations (17). This can also affect
the ability to capture the communicative purpose of the
speaker and may elicit compensatory mechanisms (17),
contributing to further misinterpretations of social signals,
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for example leading to persecutory ideas. This is in line with
the hypothesis of schizophrenic delusions as due to a
“disturbance or breakdown of communication” (52).
Another prosodic function is (b) the management of turn-
taking. There is evidence of a specific impairment of this
function in schizophrenia (53), but the role played by prosody
has not been explored so far. A fluid transition in turn-taking
implies a high level of rhythmicity between partners (54). A
disruption in the shared rhythm between the individual and
the environment is traditionally considered a central feature in
schizophrenia spectrum (55) and there is empirical evidence
for impaired interpersonal synchronization in these patients
(56). Prosody, which naturally and implicitly reflects
interpersonal synchronization, may represent a key feature of
intersubjective “desynchronization” (57) in schizophrenia
spectrum disorders. A further prosodic function is (c) the
structuring of the elements of a sentence into given/new or
focus/background partitions. This has only been scarcely
assessed in these patients and a specific investigation of this
ability should most definitely be a topic of future research.

2. Further investigation of the link between prosody deficits and
social cognition capacities, such as Theory of Mind.
Schizophrenia has been described as a disorder of social
cognition (7) and prosody as a tool playing a crucial role in
social interaction (18). A deeper understanding of the use of
prosody by patients with schizophrenia spectrum disorders
could also shed light on its role in social cognition in general.

3. The comparison of different clinical groups in their use of non-
emotional prosody. This could help to identify specific profiles
of capacities and disorders and to understand if linguistic
difficulties (in particular prosodic) are to be considered
specific to schizophrenia spectrum disorders. Interestingly,
schizophrenia has also been described primarily as a linguistic
disorder, (“the price that Homo sapiens paid for language”
(Crow, 4). From this perspective, the study of prosody in this
clinical population warrants even more interest.

4. A deeper understanding of possible links between the use of
non-emotional prosody and clinical variables, in line with the
Research Domain Criteria (RDoC) strategy. This approach
aims at combining several data types, e.g., neurobiological or
clinical data, to investigate basic domains of functioning
underlying human behavior (like cognition and social
Frontiers in Psychiatry | www.frontiersin.org 6174
processes) for the study of psychiatric conditions (58). For
example, investigating if prosodic abilities are linked to
negative or positive dimensions could help to understand if
linguistic capacities are related to the core symptoms of the
disorder.

5. Further studies assessing the use of non-emotional prosody in
people with a vulnerability to schizophrenia. This would
enable us to understand if the impairments are to be
considered trait or state conditions. Giving the importance
of an early diagnosis in these conditions, it is crucial to find
signs that can aid the identification of subjects at risk of
schizophrenia prior to the full expression of the disorder.

6. The examination of the interaction between prosody and other
non-verbal cues, like gaze behavior or gestures, on the basis of
real-life communicative situations. To investigate this
interaction, it is particularly important to pay attention to
the ecological validity of experimental tasks.

A deeper knowledge of the use of non-emotional prosody in
patients with schizophrenia spectrum disorders could be helpful
also for the study of other communication disorders. Further
research should extend this approach to other psychiatric
conditions that entail impairments regarding the use of
prosody, such as autism spectrum disorders (18, 59, 60).
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The human dynamic clamp (HDC) is a human–machine interface designed on the

basis of coordination dynamics for studying realistic social interaction under controlled

and reproducible conditions. Here, we propose to probe the validity of the HDC as a

psychometric instrument for quantifying social abilities in children with autism spectrum

disorder (ASD) and neurotypical development. To study interpersonal synchrony with the

HDC, we derived five standardized scores following a gradient from sensorimotor and

motor to higher sociocognitive skills in a sample of 155 individuals (113 participants

with ASD, 42 typically developing participants; aged 5 to 25 years; IQ > 70).

Regression analyses were performed using normative modeling on global scores

according to four subconditions (HDC behavior “cooperative/competitive,” human task

“in-phase/anti-phase,” diagnosis, and age at inclusion). Children with ASD had lower

scores than controls for motor skills. HDC motor coordination scores were the best

candidates for stratification and diagnostic biomarkers according to exploratory analyses

of hierarchical clustering and multivariate classification. Independently of phenotype,

sociocognitive skills increased with developmental age while being affected by the

ongoing task and HDC behavior. Weaker performance in ASD for motor skills suggests

the convergent validity of the HDC for evaluating social interaction. Results provided

additional evidence of a relationship between sensorimotor and sociocognitive skills.

HDC may also be used as a marker of maturation of sociocognitive skills during real-

time social interaction. Through its standardized and objective evaluation, the HDC not

only represents a valid paradigm for the study of interpersonal synchrony but also offers a

promising, clinically relevant psychometric instrument for the evaluation and stratification

of sociomotor dysfunctions.

Keywords: computational psychiatry, human-machine interface (HMI), psychometric, interpersonal synchrony,

autism spectrum disorder, coordination dynamics
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INTRODUCTION

Autism spectrum disorder (ASD) is a complex
neurodevelopmental disorder (1) defined by the co-occurrence
of social communication problems, repetitive behaviors, and
restricted interests. The prevalence of ASD has increased in
recent years from <1 in 1,000 individuals to 1 in 58 (2, 3).
With different levels of severity of symptoms, ASD is highly
heterogeneous, both phenotypically (4) and genetically (5). More
than 50% of patients suffer from at least four other psychiatric
comorbid conditions (6). This strong heterogeneity complicates
the development of psychometric assessment tools that allow
for a personalized and thorough evaluation of a child’s skills
(7). Identification of robust, valid, and quantitative biomarkers
of social communication disability, a key symptom of ASD, is
thus a major societal challenge for improving early diagnosis and
individualized care.

As a keystone of social communication, interpersonal

synchrony (IS) is a fundamental aspect to explore in order to

better understand and apprehend ASD. IS can be defined as a
rhythmic matching of actions in time and in phase with another

person based on nonverbal behaviors (8). IS comprises multiple
components, involving sociocognitive, sensory motor, and motor
skills, as well as adaptive capacities (9, 10). At the behavioral level,
IS can be measured through microlevel detection of bonding-
related behaviors (11), frame-by-frame analysis of video (12), or
even using machine learning tools (13).

In this context, the human dynamic clamp (HDC) is a new
paradigm of human–machine interaction based on the science of
coordination (coordination dynamics) that enables the study of
the neurobehavioral processes involved in IS (14–16). Controlled
using empirically grounded models of coordination dynamics
(17), the HDC allows a dynamic bidirectional interaction in
real time between a human and a virtual avatar. The HDC
paradigm has already been validated empirically in adults (15, 18,
19). Using high-resolution electroencephalography, it recently
revealed how distributed neural dynamics integrate information
from “low-level” sensorimotor mechanisms and “high-level”
sociocognitive processes such as intention attribution or
judgment of humanness (18). Using skin potential responses,
we demonstrated that HDC is able to induce emotional
reaction, especially when human participants believed that their
partner was human and when movement coordination was
stable (19). Finally, we also introduced the virtual teacher
(VT) configuration that allows human participants to change
their behavioral repertoire by internalizing new interpersonal
coordination patterns (e.g., nontrivial relative phase between
movements of the two interacting partners), thereby opening
possibilities of applying HDC to rehabilitation (15).

IS seems to be substantially impaired in children and
adolescents with ASD (20, 21). A few studies among children
(6–11 years old) (22) and adolescents (10–16.5 years old) (23)
have explored IS in automated motion analysis to quantify
movements of body parts. Still, the exploratory paradigms are
mainly rhythmic in children with ASD (3.5–10 years old) (24–
27) and in adolescents (12–17 years old) (28, 29). However, even
if children with ASD face difficulties in movement coordination

during a social exchange, social embodiment seems preserved
and appears to correlate with social cognitive ability (22).

One hypothesis currently under investigation suggests that
motor and sensory motor skill development are linked to social
cognition and cognitive development (25, 30). ASD is frequently
found to be associated with difficulties in attributing mental
states to oneself and to others (31), where intention attribution is
characterized by an appraisal based on the intention underlying
someone else’s action (32). In addition to primary dysfunctions
in social communication skills, deficits in perceptual–motor
performance are found in between 50 and 80% of children
diagnosed with ASD (moving with awareness, integrated
self, proprioceptive feedback, visuo-perceptual performance,
sensory integration) (23, 25, 33–37). About 80% also show
motor skill impairments such as praxis, basic motor control,
postural control, gait abnormalities, motor coordination, manual
dexterity, gross and fine motor skills, and gestures in complex
movement sequences (20, 25, 38).

Interventions targeting the development of IS are promising
and show evidence for plasticity (39–41). Early detection
and intervention directly focusing on the development of IS
showed preliminary evidence of positive effects on motor and
communication skills (42), especially later in both language and
social abilities (39). Such evidence supports IS as a potent tool for
the diagnosis and care of ASD children.

Up to now, language, cognitive ability, social engagement,
and motor skills have emerged as the most robust predictors
of ASD among toddlers (43–45) and during childhood and
adolescence (46). Thus, early dysfunction in IS could have
cascading consequences and even participate in explaining the
heterogeneity of ASD. Such observations reflect the difficulty of
assessment by means of reliable and age-scalable markers of IS
and the need for personalized analysis [as has been done, for
example, in studies of skill learning, cf. (47)].

In the present work, we first validate how the HDC measures
different behavioral processes involved in social dynamic
interactions in children with neurotypical development, and then
evaluate how the HDC can assess IS alterations in children
with ASD. A secondary objective is to standardize the test
and develop indicators that measure and identify sociocognitive
and sensorimotor markers. In order to highlight the specific
heterogeneity of ASD compared to typical neurodevelopment,
developmental trajectories are integrated into our analysis using
normative modeling (48), and HDC behavioral measures are
tested as reproducible and reliable clinical markers.

METHODS

Sample
We enrolled in the study a sample of 156 individuals composed
of 114 participants with ASD and 42 participants with typical
development (Table 1). All participants were recruited at the
Child Psychiatry Department of the Robert Debré University
Hospital, Paris (France).

Patients with ASD were included after a systematic clinical
and medical examination, including negative blood test results
for Fragile-X and the exclusion of participants carrying a
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TABLE 1 | Demographic and clinical characteristics of the participants enrolled in the study.

Children with ASD

(n = 113)

Children with typical development (n = 42) Group test; p

value

Gender (m/f) 96/18 25/17 χ
2
= 9.37;

p = 0.002

Age at inclusion 11.2 ± 3.2 16 ± 4.4 t = −7.51;

p = 4.6e-12

SRS t score 74.2 ± 12 45 ± 5.4 t = 14.20;

p = 1.5e-28

Full-scale

intellectual quotient

101.2 ± 18.5 107.4 ± 13.2 t = −1.88;

p = 0.06

Right handedness 92/21 38/11 χ
2
= 1.47;

p = 0.23

Mean values and respective standard deviations for continuous variables. n, sample size; ASD, autism spectrum disorder; IQ, intellectual quotient; SRS t score, Social Responsiveness
Scale t score.

large deletion over 2Mb as detected by the Illumina 700
SNPs array. The final diagnosis of ASD was based on DSM-5
criteria and outcomes from the Autism Diagnostic Observation
Schedule-Second Edition (ADOS-II) (49), the Autism Diagnostic
Interview-Revised (ADI-R) (50), and the Social Responsiveness
Scale−2nd edition (SRS-2) (51) for the dimensional diagnosis
of social skills and data from experts in the field. Intellectual
functioning for all participants was estimated using the Wechsler
Intelligence Scale for Children and Adolescents−5th edition
(WISC-V) (52). The current threshold for intellectual disability
(i.e., IQ <70) was used, following international standards (DSM-
5). Among participants, 14 children (controls = 2, ASD = 12)
were below 85 and 33 (controls = 14, ASD = 19) were
above 115. Participants with normal neurotypical development
were from the general population and reported no personal or
familial history of ASD or axis I psychiatric conditions requiring
specific needs.

An assessment of dexterity and motor coordination of hands
and fingers was made using the Purdue Pegboard (53). For the
present study, we used the versions with charts defined on a
population aged 5 to 15 years 11months and beyond the age of 16
years (54, 55). Only the “preferred hand score,” viz. place themost
items using the preferred hand in a row in 30 s, was conserved. A
z score was calculated according to age and gender. Childrenwere
also assessed with the Child Neuropsychological Assessment—
second edition (NEPSY-II) (56) to specifically explore affect
recognition (AF) and theory of mind (TOM).

The research was carried out in accordance with the
recommendations of the local ethics committee of Hospital
Robert Debré. All the parents of participants gave written
informed consent in accordance with the Declaration of Helsinki.
The protocol was approved by the INSERM Ethics Committee
(study approval no. 08-029).

The Human Dynamic Clamp Paradigm
The HDC system (14–16) is a human–machine interface
consisting of three parts: (1) a sensor measuring the movement of
the participant’s index finger which is fed into (2) a mathematical
model integrating the position and velocity of the human’s
movement to simulate in real time [via the HKB model; (57)]

the behavior of a virtual partner or avatar and 3) a screen
facing the participant where the resulting finger movements of
the virtual partner (VP) appear as a human hand. The HDC
software computes in real time the corresponding position of
the VP (Figure 1). At the beginning of each trial, an instruction
was given to the participant to synchronize her/his movement
in-phase (i.e., synchronize her/his movements to those of the
VP) or anti-phase (i.e., synchronize her/his movements with
a half-period offset with the VP’s phase). In this experiment,
while the partner is a virtual partner throughout, all participants
were instructed that half the time the partner is virtual (i.e.,
movements are computer-driven) and half the time the partner
is a real sex- and age-matched human performing the same task
in another room of the hospital. The protocol was composed
of 40 trials, divided into four blocks. The instructions to the
participant stayed the same within each block. The instruction
for the first block was randomly assigned at the beginning of the
experiment. During the trials, the VP could adopt a “cooperative”
or “competitive” behavior, meaning that it shares the same goal
or the opposite goal to the one assigned to the participant
(i.e., VP aims to move its finger in in-phase coordination
when the participant aims to move his finger in anti-phase and
vice versa, exactly as if the partner was not cooperating with
but in opposition to the participant). Behavior of the VP was
randomized across all trials, disregarding block structure. At the
end of each trial, the participant was asked if s/he felt like s/he
was playing with a human or a VP and to quantify the level of
cooperativeness or competitiveness of the partner (see also 88).

HDC Behavioral Measures
In the present study, five normalized scores (between 0 and 1,
0 being the worst) of the HDC paradigm were automatically
aimed at evaluating dimensions of social cognition, ranging from
sensory motor to representational aspects: (1) a motor score
which measures the difference of amplitude of imitative gestures
between the participant and the VP; (2) a coordination score
which corresponds to the temporal index of imitation; (3) a task
score which is based on how well the ongoing relative phase
of the VP and the participant match, taking into account the
task condition; (4) an intention score which evaluates the ability
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FIGURE 1 | Experimental design. Structure of the protocol with four blocks alternating “in-phase/anti-phase.” Each block is divided into 10 trials (left). Each trial starts

with the participant instructed to synchronize with the sound of a metronome for 3 s. Then, the participant interacts with the avatar according to the instruction (e.g.,

“in-phase”). At the end of the trial, two questions appear directly on the screen. First, the impression of the participant on the competitive or cooperative behavior of

the avatar, and second regarding the humanness of the avatar (right). Shown are screenshots of what participants could see (top). In-phase refers to synchronized

movements using homologous muscles of the limbs and anti-phase to alternating movements (180◦ out of phase). Cooperative and competitive refer respectively to

the behavior of the virtual partner when it has shared or conflicting goals with the human participant.

of the participant to properly attribute intention toward the
“cooperative” or “competitive” behavior of the VP; and (5) a
humanness score which reflects quantitatively the impression of
the participant on the human or robotic character of the partner
(see Supplementary Material for more details).

Data Analysis Using Normative Modeling
All statistical data analyses were performed using Python 3.7
(58) [numpy 1.17.2 (59, 60) and scipy 1.3.1 (61)]. Normative
modeling (NM) provides a metric similar to a z score, but
accounts for the underlying structure of the population across
multiple covariates. NM uses Gaussian processes (GP) to model
the distribution of control group measures while estimating
separately the overall trajectory in the covariate space, the
heterogeneity in the population, and the uncertainty of the fit
(62). The Python code is available in open access at https://github.
com/GHFC/SoNeTAA/.

RESULTS

Sociodemographic and Group

Comparative Analyses
Overall, participants with ASD were younger than the control
group [t(154) = 2.6, p = 2.6e-11], with a larger male/female
ratio (Fisher exact, p = 0.002) than the control group. No
statistically significant differences were found for IQ and
handedness. As expected, the group with ASD scored higher in
the SRS [t(154) = 14.3, p = 7.4e-29]. No statistically significant
differences were found for IQ and handedness. The group
with ASD scored lower on all the standardized psychometric
instruments assessing social skills: NEPSY-II TOM total score
(Mann–Whitney U = 104.5, p = 0.0005), NEPSY-II AF raw
(U = 114, p = 0.0017), and the Purdue Pegboard, the validated
task assessing motor coordination skills (U = 138, p= 0.0006).

Developmental Trajectories of HDC Scores
Within the entire cohort (both groups of participants with ASD
and with typical development), a developmental trajectory was
found with a statistically significant correlation of age with task
comprehension (r = 0.33; p = 2.7e-05) (Figure 2A), intention
attribution (r = 0.30; p = 0.00011) (Figure 2B), and humanness
(r = 0.27; p = 0.00057) (Figure 2C). Only a few children
with ASD diagnosis answered systematically the same rating
of humanness across the whole experiment (N = 3 always
human, i.e., humanness score = 1; N = 3 always robot, i.e.,
humanness score = 0). A significant interaction was observed
between chronological age and comprehension score only in the
control group (r = 0.40; p = 0.0084) (Figure 2A) (the older
the participant is, the better the skills are) and with intention
attribution (r = 0.21; p = 0.024) and humanness (r = 0.38;
p= 3.8e-0.5) in the group with ASD.

Comparison With Standardized Tests

Using Normative Models
Using normative modeling allows us to correct any
developmental bias on the HDC scores. We were then able
to observe how these “age-controlled HDC scores” related to
standard neuropsychological tests (Table 2).

We observed a significant interaction effect between the SRS-
2 and motor score (r = −0.22; p = 0.01) (Figure 3A); high SRS
scores (in favor of the diagnosis of ASD) are correlated with low
motor scores. The NEPSY-II test showed a significant interaction
effect between AF score and the HDC task comprehension score
(r = 0.33; p = 0.02) (Figure 3B); good skills in the AF task of
the NEPSY-II are associated with good scores at the HDC task
comprehension score. The Supplementary Data Sheet contain
the details of the correlation per group, along with the HDC
scores before normative modeling correction.
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FIGURE 2 | Developmental aspect of higher-level correlates of interpersonal synchrony (IS). Correlations between age at inclusion and task comprehension (A),

intention attribution (B), and humanness (C) scores. The three scores show a remarkable positive correlation with age, suggesting a developmental trajectory of

sociocognitive skills. No outliers were removed.

TABLE 2 | Summary of the main correlations between HDC scores and those from the NEPSY-II [affect recognition (AF) and theory of mind (TOM) subdomains], the

Social Responsiveness Scale—second edition (SRS-2), and the Purdue Pegboard.

Motor (NM) Coordination (NM) Task (NM) Intention (NM) Humanness (NM)

SRS-2 r = −0.22;

p = 0.01*

r = 0.0031;

p = 0.97

r = −0.22;

p = 0.0086

r = −0.15;

p = 0.076

r = −0.045;

p = 0.6

NEPSY-II TOM r = −0.081;

p = 0.59

r = −0.35;

p = 0.016*

r = −0.26;

p = 0.08

r = 0.17;

p = 0.24

r = −0.09;

p = 0.55

NEPSY-II AF r = 0.2;

p = 0.18

r = −0.043;

p = 0.78

r = 0.33;

p = 0.023*

r = 0.16;

p = 0.3

r = 0.11;

p = 0.48

Purdue Pegboard r = 0.14;

p = 0.31

r = −0.2;

p = 0.16

r = −0.015;

p = 0.91

r = −0.25;

p = 0.07

r = 0.13;

p = 0.34

*p < 0.05.

Global Comparative Analysis Between

Participants With ASD and Typical

Development Groups Using Normative

Models
Comparative analysis between the two groups revealed a
statistically significant decrease of the motor score (d = −0.5;
p= 0.0029) in individuals with an ASD diagnosis compared with
individuals with typical development. We also observed evidence
of better understanding of the task among participants with
ASD diagnosis compared with those with typical development
(d = 0.23; p = 0.0077). Interactions between the two groups for
the other scores (coordination: d = −0.21, p = 0.12; intention:
d = −0.12, p = 0.49; humanness: d = 0.12, p = 0.19) were not
significant (Figure 4).

HDC Scores Analysis by Subconditions
Different subconditions are associated with the HDC paradigm:
the diagnosis, the age, the avatar behavior, and the humanness
or robotic character of the HDC (see Figure 5 for a summary).

Multiple regression was thus calculated to predict the different
normalized HDC scores based on the diagnosis (coded as
0 = ASD and 1 = CTR), age (in years), avatar behavior (coded
as 0 = competitive and 1 = cooperative), and the humanness or
robotic character discrimination task (coded as 0 = anti-phase
and 1= in-phase).

We found a significant regression equation for themotor score
[F(5, 618) = 7.634, p = 5.64e-07]. Both the diagnostic and the
human task were significant predictors of the motor score, with
the control group having higher scores (coeff = 0.44, p < 0.001),
as well as the in-phase task (coeff = 0.27, p = 0.016). There was
also a significant regression equation for the coordination score
[F(5, 618) = 3.252, p = 0.006], with age, as might be expected,
a significant predictor (coeff = 0.0272, p = 0.02). A significant
regression equation for task score [F(5, 618) = 409.1, p = 2.42e-
193] revealed that avatar behavior was a significant predictor,
with a cooperative behavior of the VP having a huge effect
on the task comprehension of participants (coeff = 6.96, p <

0.001). Further analysis of a significant regression equation for
the intention score [F(5, 618) = 28.84, p = 2.46e-26] showed that
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FIGURE 3 | Significant correlations between sociocognitive and motor skills in children with (in red) autism spectrum disorder (ASD) or with typical development (TYP)

(in blue): (A) SRS-2 vs. motor score: a dimensional diagnosis of ASD correlates with lower levels of motor skills; and (B) NEPSY-II affect recognition (AF) vs. HDC task

score: greater cognitive abilities correlate with higher levels of affect recognition skill; NM, normative models.

FIGURE 4 | Comparison between the two groups with ASD and typical development for different behavioral scores derived from the HDC protocol and corrected with

normative modeling (NM). Only the motor score really discriminates between the two populations (d = −0.5; p < 0.005**), with significantly lower results among ASD.

The lines represent linear regressions. Colored areas: 95% confidence intervals (CI). Neurotypical participants: blue; participants with ASD: red. *p < 0.05; **p < 0.005.

both human task and avatar behavior were significant predictors
of VP intention. Participants tended to better detect the intention
of the VP while “anti-phase” (coeff=−1.27, p < 0.001), and “in-
phase” if the VP takes on a cooperative behavior (coeff = 2.31,
p < 0.001).

For the motor score, detailed analysis indicates that during
both VP “cooperative” (“in-phase”: d = −0.51; p = 0.006 and
“anti-phase”: d = −0.59; p = 0.002) and “competitive” behavior
(“in-phase”: d = −0.34; p = 0.025 and “anti-phase”: d = −0.35;
p = 0.025), the task allows to distinguish the two groups (cf.
Table 3).

DISCUSSION

Aim of the Study
Themain objective of the study was to identify whichHDC scores

distinguish our two populations of children with and without

a diagnosis of ASD and, thus, provide potential predictors

of the condition. A particularly interesting aspect is that our
results show the motor score discriminates between the two
groups.Motor abnormalities in the disorder are widely described.
However, they are still currently little taken into account in the
diagnosis. As a reminder, the HDC is validated in adults as an
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FIGURE 5 | Score analysis by subcondition of the two groups (human task: in-phase/anti-phase and avatar behavior: cooperation/competition). Both the global and

the human task were significant predictors of the motor score, with the control group having greater scores (coeff = 0.4413, p < 0.001**) and “in-phase” task also

leading to higher scores (coeff = 0.2726, p = 0.016*). Controls are in blue and participants with ASD in red. Scores with statistically significant differences between

participants with ASD and participants with typical development are in bold typeface. *p < 0.05; **p < 0.005.

instrument to artificially recreate a social interaction, from low-
level (motor and coordination scores) to higher-level domains
of social coordination [intention attribution to another and
human (/or robotic) judgment of an interaction]. Our secondary
objective was to study the developmental trajectory of HDC
scores and to demonstrate by a valid scientific approach that
interpersonal synchrony captures the coupling between low-level
sensorimotor and high-level sociocognitive skills in a population
of children.

Developmental Aspects of Sociocognitive

Skills and Intervention Based on

Interpersonal Synchrony in Children With

ASD
The literature on interpersonal synchrony attests to the

significance of development and plasticity in affording

therapeutic detection and action (39, 41, 43). The present

HDC results are in line with this developmental aspect of
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TABLE 3 | HDC score analysis by subconditions.

Motor (NM) Coordination (NM) Task (NM) Intention (NM) Humanness (NM)

Coop Comp Coop Comp Coop Comp Coop Comp Coop Comp

In-

phase

d = −0.51

(p = 0.0059*)

d = −0.34

(p = 0.025*)

d = −0.26

(p = 0.098)

d = −0.087

(p = 0.35)

d = 0.12

(p = 0.17)

d = 0.067

(p = 0.47)

d = −0.018

(p = 0.47)

d = −0.084

(p = 0.35)

d = 0.34

(p = 0.014*)

d = 0.3

(p = 0.046*)

Anti-

phase

d = −0.59

(p = 0.0015**)

d = −0.35

(p = 0.025*)

d = −0.3

(p = 0.054)

d = −0.11

(p = 0.29)

d = −0.067

(p = 0.41)

d = 0.16

(p = 0.23)

d = −0.2

(p = 0.14)

d = 0.067

(p = 0.31)

d = 0.012

(p = 0.49)

d = −0.25

(p = 0.058)

Coop, cooperative behavior of the VP, Comp, competitive behavior of the VP, d, Cohen’s d, p, p value, *p < 0.05, **p < 0.005.

sociocognitive skills, with significant effects of intention
attribution, humanness, and task comprehension in children and
adolescents with and without ASD. Interventions targeting early
development of socially synchronous interactions in toddlers
with ASD attest to its effectiveness (39), with improvement
in child language comprehension being linked to the severity
of ASD symptoms (63). The neurodevelopmental trajectory
observed here only in the group with ASD is fully in line with
this picture.

Coupling Between Low-Level

Sensorimotor and High-Level

Sociocognitive Skills
The present findings also show that affect recognition may be
associated with better task comprehension. Greater cognitive
abilities are correlated with a higher level of affect recognition
skill hinting at the possibility of a mediating effect of IQ on
the recognition of emotions. At the same time, we found that
lower motor skills are associated with a higher probability of
a dimensional diagnosis of ASD. Motricity in ASD will be
discussed further, but this result suggests a linkage between the
so-called “lower-level” motor skills and “higher-level” social–
cognitive skills in this population. Some support already exists
for a strong pairing between the mirror and mentalizing systems
during communicative gestures, suggesting a cognitive–motor
coupling in children (64). The mechanisms involved range
from the release of endogenous opioids (dopamine, endorphins,
serotonin, and oxytocin) (65, 66) to the recruitment of now
well-described neural processes (67, 68). From an evolutionary
perspective, IS is thought to play a role in shared common
goals that lead to: a) cooperative expectations and joint action
behaviors (69); b) shared basic affective states and emotions; c)
better attribution ability of one’s self and others; and d) in general,
better comprehension of social situations (70).

Motor Skills as a Developmental Marker of

Children and Adolescents at Risk With ASD
The motor score is the only HDC measure that allows a
distinction between the two groups. In overall terms, this
motor low-level score is found to be statistically lower among
participants with ASD, confirming current data finding altered
motor skills in ASD. Despite the small sample size, it is
interesting to note that the HDC motor score is also one of
the two scores (together with the motor coordination score) on
which the classification into two clusters is essentially based—a

classification that significantly respects the status of participants
(see Supplementary Material) (71). These results demonstrate
the essential nature of motor assessment, including the use of
HDC, in participants with ASD, suggesting a major role in ASD
diagnosis (72). Alterations in motor control (38), and particularly
of executive motor control (73), have been widely demonstrated
in children with ASD. However, although motor disorders are
associated with the diagnosis of children with ASD in 50 to 80%
(74), their prevalence apparently increasing with age (75), they
remain underdiagnosed in clinical practice (1.34%) (75). On the
other hand, the estimated prevalence of motor disorders (36%)
makes them almost as frequent as cognitive disorders (38%)
among children under 6 years (75). Children and adolescents
with ASD tend to have difficulties in planning and sequencing
movements (76), which are also associated with higher levels of
neuromotor noise (77) [i.e., disturbing action (motor commands)
and perception (sensory feedback) (20)]. Such variability can
have multiple substrates but relies on hypotheses that can
be explained using Bayesian models, namely an imbalance
between prediction, inputs, and expectations (78). Indeed, ASD
is associated with alterations in the ability to integrate social
stimuli (79) and a reduced ability to incorporate somatosensory
and visual information into accurate motor responses (37).
Moreover, some studies now describe deficits in joint-attention as
an endophenotype of ASD (80, 81). Vis-à-vis our results, children
with ASD may have difficulties in sustaining attention long
enough to perceive the stimulus. Further analysis showed that the
instruction given to the participant (human task: “in-phase”) is
associated with a better motor score among the control group
(coeff = 0.2726, p = 0.016∗). Also, we observed interactions
by subcondition. Children with ASD tend to have lower results
than children with typical development in all the conditions, i.e.,
“in-phase” as well as “anti-phase” during both competitive and
cooperative behavior of the avatar (Table 3). This result accords
with Wang et al. (82) who reported that during a cooperative
task of synchronization (i.e., “in-phase”), children with severe
diagnosis of ASD tend to exhibit lower neural activity.

Sociocognitive Skills Based on

Interpersonal Synchrony
Mentalizing deficits have repeatedly been described in the
population with ASD (83). Mentalizing requires preserved
metacognitive skills, yet metacognitive monitoring is found
diminished in children with ASD (84). Higher-level scores
(intention attribution and task comprehension) demand efficient
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use of metacognitive processes. However, for both scores, we did
not observe a group effect: it seemed easier for participants to
detect the intention of the VP when it takes on a cooperative
behavior whether “anti-phase” or “in-phase”. Furthermore,
comprehension of the task is better if the avatar is cooperative. A
result that seems difficult to interpret is that participants with an
ASD diagnosis appear to have a better understanding of the task
than controls. This could be due to the tendency of ASD children
to generatemainly the samemovement “in-phase” with the avatar
without taking the instruction into account–or it could be due to
the lack of a real-time social context (85). Such a possibility of
bias may produce a false positive result.

In addition, only children with a diagnosis of ASD showed
a persistence of the same response in the assessment of the
attribution of humanness (or robotic) judgment to the avatar.
This result reinforces the previous observation of an insistence
on sameness in ASD (86, 87) and may be consistent with the
repetitive behaviors that are part of the diagnosis (DSM-5).

Implications of Findings for Clinical

Practice and Public Health
One of the challenges of the present approach is to develop an
application of HDC that can be used for the early assessment
and training of motor coordination and interpersonal synchrony
in order to improve social skills (42). The aim of our study
was also to offer standardized ways to assess the efficacy of
the HDC. We were able to generate percentile ranks for each
HDC score from the results obtained in control patients (see
Supplementary Table 1). This step made it possible to estimate
a child’s skills for each assessment.

Research has tried to identify clinical markers in ASD ranging
from early signs of regression patterns (44, 88) to atypical neural
responses of gaze (89). Later possibilities include neurological
soft signs (90), abnormalities of sensorimotor priors (34), and
anomalies in proprioceptive and sensory motor development
(including alteration of motor priors, micromovements, and
the presence of noise in sensory motor variables that may be
associated with lack of embodiment) (34).

Systematic and reliable metrics of the HDC, normalized
across developmental trajectories by means of normative models
(91), could help predict phenotypic profiles and, thus, refine
the diagnosis, associated comorbidities, and stratification of the
disorder. Here, we highlighted how HDC measures can provide
new markers of ASD, either alone or in combination with
psychometric scales for assessing social and motor coordination
skills. Despite the limited sample size, exploratory analyses
of stratification and multivariate predictive diagnosis (see
Supplementary Material for more details on the methodology
and the preliminary results) tend to confirm the potential of
the HDC paradigm for ASD diagnostics with the motor and
coordination scores, individually, and/or combined with other
clinical evidence of ASD, appearing as the most promising
candidates. Clearly, there is a need to develop dedicated HDC-
based predictive models and for further data collection and
analyses to be carried out to assess them rigorously (92). Many
studies have reported divergences in the core symptoms of ASD
by gender (93) and level of intellectual disability (94). Future

studies in larger cohorts will allow disentangling such key factors
in the development of interpersonal synchrony.

CONCLUSION

The HDC is an effective means to evaluate interpersonal
synchrony at both low and high levels of social cognition during
live interactions. It can also probe the developmental aspects of
their evolving relationship. On the other hand, the psychometric
evaluation of HDC provides reliable, reproducible, objective, and
standardized scores, derived from a natural movement. As a
new psychometric test, HDC provides motor and social markers
that help to improve the early detection of neurobehavioral
abnormalities during human interaction. The HDC paradigm
also provides a dynamical basis for the development of further
therapeutic approaches, for instance in the area of serious games
(e.g., in mixed reality: https://vimeo.com/277085489).
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number of clusters between k = 2 to k = 20 obtained by NbClust with 26 indices.

The majority vote (9 of 26) indicates k = 2 as the optimal cluster configuration.

(B) Corresponding Hierarchical Clustering using Euclidian distance and the Ward

method.

Supplementary Table 1 | HDC percentile ranks by age group.

Supplementary Table 2 | Comparison of HDC and clinical scores between the

two clusters identified.
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Humans are strongly dependent upon social resources for allostasis and emotion

regulation. This applies especially to early childhood because humans—as an altricial

species—have a prolonged period of dependency on support and input from caregivers

who typically act as sources of co-regulation. Accordingly, attachment theory proposes

that the history and quality of early interactions with primary caregivers shape children’s

internal working models of attachment. In turn, these attachment models guide behavior,

initially with the set goal of maintaining proximity to caregivers but eventually paving

the way to more generalized mental representations of self and others. Mounting

evidence in non-clinical populations suggests that these mental representations coincide

with differential patterns of neural structure, function, and connectivity in a range of

brain regions previously associated with emotional and cognitive capacities. What

is currently lacking, however, is an evidence-based account of how early adverse

attachment-related experiences and/or the emergence of attachment disorganization

impact the developing brain. While work on early childhood adversities offers important

insights, we propose that how these events become biologically embedded crucially

hinges on the context of the child–caregiver attachment relationships in which the

events take place. Our selective review distinguishes between direct social neuroscience

research on disorganized attachment and indirect maltreatment-related research,

converging on aberrant functioning in neurobiological systems subserving aversion,

approach, emotion regulation, and mental state processing in the wake of severe

attachment disruption. To account for heterogeneity of findings, we propose two distinct
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neurobiological phenotypes characterized by hyper- and hypo-arousal primarily deriving

from the caregiver serving either as a threatening or as an insufficient source of

co-regulation, respectively.

Keywords: disorganized attachment, neglect and abuse, maltreatment, co-regulation, social interaction, social

neuroscience

Disturbances in childhood family functioning account for
approximately a quarter to a third of youth- and adult-
onset mental disorders (1, 2). Attachment theory and research
offer an in-depth theoretical account of how family caregiving
relationships from infancy onwards impact development, for
better and for worse, across a vast array of psychosocial
domains (3). Much work has attempted to leverage attachment
theory to shed light on mechanisms underlying the effects
of adverse early caregiving experiences on later mental health
(4), with most data showing the highest risk to emanate from
disorganized attachment (5–7). However, aside from a few
recent pioneering empirical studies (8–14), a social neuroscience
perspective encompassing disorganized and maltreatment-
related disruption of attachment is still notably absent. Recently,
a comprehensive functional neuro-anatomical model of human
attachment was proposed [NAMA (15–17)]. NAMA describes
a prototypical attachment pathway reflecting psychological
processes activated in attachment-relevant situations, which is
likely to be maintained by four neural modules. It further
summarizes the evidence available to date on how inter-
individual differences in the three major typical (or “organized”)
attachment patterns coincide with anatomy and function within,
and connectivity between these modules. However, the account
of NAMA is notably incomplete in that disorganized attachment
is largely omitted due to a paucity of data and the lack of
an according conceptual social neuroscience framework. The
present paper aims to begin to fill this gap. After providing a brief
conceptual overview of organized and disorganized attachment,
we extend NAMA to a functional neuro-anatomical model of
disrupted attachment (NAMDA). To support our speculations
on the putative neurobiological underpinnings of disorganized
attachment, we draw on direct and indirect empirical evidence
stemming from studies utilizing samples assessed for attachment
disorganization and maltreatment histories, respectively.

ORGANIZED AND DISORGANIZED

ATTACHMENT IN A NUTSHELL

Attachment theory claims that children’s repeated interactions
with their primary caregiver(s) shape their early organization
of attachment, thereby guiding behavior in attachment-relevant
situations (18–22). Following a developmental sequence, children
progress from overt behavioral strategies organized at a
procedural level to a later representational organization (23),
referred to as internal working models of attachment (24, 25).
Children whose caregivers reliably respond in a sensitive manner
to their needs tend to adopt an “organized” (i.e., attachment
strategy-driven) and secure attachment pattern (19, 26). Thus,

they turn to their caregivers in times of distress (safe haven
function) and explore in the caregiver’s vicinity in times of
safety (secure base function), ultimately facilitating a sense of
self-efficacy and trust in others, more generally (27).

Conversely, children whose caregivers are merely
inconsistently available in times of distress tend to adopt an
insecure anxious–ambivalent strategy, involving hyperactivation
of the attachment system during distress (e.g., excessive
proximity seeking and maintaining), an organized strategy
thought to maximize the amount of nurturance elicited from
caregivers. In turn, offspring of caregivers who typically thwart
their child’s bids for contact and are relatively unresponsive
to their emotional signals tend to adopt an insecure–avoidant
strategy of suppressing (outward signs of) distress, an organized
strategy thought to minimize the caregiving burden and odds of
further rejection by caregivers (28, 29). These strategies reflect
(co-)regulatory mechanisms comprising overdependence on
others (anxiety) or overemphasis on self-reliance (avoidance)
while they remain expedient (and thus organized), achieving
the evolutionarily highly adaptive goal of maintaining sufficient
proximity to the caregiver in a given environment (29, 30).
Hence, they preserve (limited) co-regulation by caregivers.

By contrast, according to Main (31), disorganized attachment
reflects a breakdown of the aforementioned organized strategies
and occurs when the child experiences “fright without solution”
within the attachment relationship [(32), p. 484]. This state is
thought to emerge because the distressed child requires comfort
from attachment figures (AFs) which, however, is (felt to be)
largely unattainable because the AFs themselves have become
associated with alarm (4). The classic case cited in this context
is that of caregivers who expose their child to physical abuse so
that they simultaneously represent both the primary source of
comfort and the primary source of distress for their child. This
circumstance is thought to give rise to conflicting motivations on
behalf of the child involving co-existing tendencies to approach
and avoid their frightened/frightening caregivers, eventuating in
a set of apprehensive, disoriented, or contradictory behaviors
(e.g., seeking comfort with markedly averted face) (33, 34).
It is noteworthy, however, that akin to Ainsworth’s early
work, Main conceives of fear linked to the AF (e.g., due to
maltreatment) as having a disorganizing influence on the child,
resulting in a breakdown of organized attachment strategies,
i.e., inhibiting bids for co-regulation from caregivers under
distress and/or exploration in caregivers’ vicinity under calm
conditions. Conversely, others consider fear linked to the AF
as an organizing force and “disorganization” to be a misnomer
(35, 36). In line with Ainsworth’s later work, for Crittenden,
fear of the AF thus promotes excessive tendencies to either (1)
overemphasize cognitive predictability at the expense of negative
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affect expression or (2) overamplify negative affect at the expense
of cognitive predictability (35).While these strategies are thought
to result in a lack of integration of cognition and affect, they may
serve a self-preserving function, maximizing survival odds (e.g.,
compulsive compliance with caregivers’ demands in the case of
physical abuse) (37)1.

Precursors and Mental Health Sequelae of

Disorganized Attachment
As noted above, the state of “fright without solution” is thought
to lie at the heart of disorganized attachment. However, “fright
without solution” often, though by no means invariably, entails
that caregivers act as a source of alarm for the child, as in
the case of physical abuse (38). Indeed in a meta-analysis
on maltreatment and disorganization, the effects of abuse
and neglect on disorganization were almost indistinguishable
in terms of their effect size and confidence intervals (33).
Moreover, disorganization has also been linked to caregivers’
withdrawal and dissociative behaviors (39, 40) or hostile–
helpless states of mind, possibly due to the caregiver’s own
traumatic experiences (41, 42). A further case in point is the
context of institutionalization or prolonged caregiver separation
where the need for a continuously available and reliable
caregiver is experienced over a long period without any hope
of being met (“activation without assuagement”), resulting in
resignation and despair (43, 44). Especially in early childhood,
caregivers are the main source of co-regulation of mild to
overwhelming affective states (safe haven function). Hence,
prolonged absence of or chronically rebuffing caregivers, as well
as other major unpredictable discontinuities in the caregiving
context (e.g., multiple changing caregivers), bears the potential
to disrupt normative development of organized attachment. This
dovetails with meta-analytic data showing that over half of
institutionalized children are classified as disorganized (31, 45).

Surveying different populations, while disorganization
occasionally occurs within middle-class samples (infants:15%,
adults: 18%; “unresolved–disorganized state of mind”),
prevalence estimates are higher among samples burdened
by sociodemographic risks (e.g., offspring of teen mothers: 23%,
families with low socioeconomic status: 25%) and yet higher still
among samples with clinical or psychosocial risks (clinical adult
samples: 43%, children with neurological abnormalities: 35%,
adoptees: 31%, offspring of caregivers with substance abuse: 43%,
previously institutionalized samples: 54–73%, and children raised
by maltreating caregivers: 48–90%) (31, 34, 45–47)2. Despite

1Main’s and Crittenden’s views are not necessarily mutually exclusive. Thus, fear of

the AF can have a disorganizing influence on behavior, especially when the child’s

own resources are overwhelmed and the caregiver is the only source of comfort

available, as may often be the case in the SSP (fright without solution). However,

fear of the AF in the same child can also have a highly organizing influence when it

comes to compulsively complying with the caregiver’s demands in other contexts

(e.g., at home) in order to prevent the caregiver from becoming a source of fear in

the first place (to which there would be no solution). Thus, fear of the AF can have

a disorganizing or organizing influence for the child depending on the context in

which it occurs [cf. (37) for evidence and arguments that partly support this line

of argument].
2An apparent exception to the elevated rates in clinical samples is adult depression,

i.e., neither infant disorganization is elevated among depressed mothers nor

these elevated rates of disorganization in samples exposed to
adversity, the mapping of adversity with disorganization is
far from perfect, suggesting that disorganization may account
for meaningful variance over and above adversity. Thus,
for example, in women with a history of childhood abuse,
attachment disorganization gave rise to a 7½-fold increase in the
odds of being diagnosed with post-traumatic stress disorder (48),
stressing its putative role in the aftermath of adversity, where
disorganization is thought to act akin to an intermediary factor,
signaling how adaptively trauma has been processed (4, 49, 50).

Conceptualizing attachment disorganization as a potential
intermediary process may also help explain a salient pattern
emerging from recent research—including large-scale studies
and meta-analyses (51–55)—documenting unique and especially
toxic effects for mental health following emotional maltreatment,
in particular [e.g., persistent rejection or absence of support
from the caregiver; see (56)]. Mounting evidence thus suggests
that the pathogenic effects of emotional maltreatment (e.g.,
on depression) may exceed and potentially even explain those
of other (physical) subtypes of maltreatment. To account for
this pattern, many scholars invoke conceptual links between
emotional maltreatment and attachment disorganization as well
as impaired reflective functioning (54, 55, 57, 58). Supporting
these ideas, the maltreatment-related risk for attachment
disorganization is mitigated when abuse and neglect transpire
in the context of emotionally supportive caregiving relationships
(58, 59). In keeping with this, scholars contend that a “pathogenic
relational experience” may often lie at the core of child
maltreatment (60, 61), potentially reflecting a seedbed for other
forms of maltreatment to occur.

Hyper- and Hypo-Arousal Pathways to

Disorganization
The brief summary presented above bolsters the view of
disorganization as a heterogeneous phenomenon. Thus, many
divergent behaviors (e.g., contradictory, freezing, apprehensive
behaviors in the presence of caregivers) and narrative indicators
(e.g., sudden affective shifts, incompatible affect, interrupted
speech, bizarre descriptions, lapses in reasoning when recounting
loss or trauma) pertain to the classification of individuals
as disorganized in childhood and adulthood (4, 62, 63).
Specifically, in the case of narratives, organized strategies for
coherently discussing trauma suddenly collapse as the memory
of the traumatic experience is thought to become frighteningly
imminent and overwhelming (fright without solution), impeding
ongoingmental processes (64). Moreover, multiple distinct forms
of and pathways to disorganization have been proposed in the

is unresolved–disorganized status elevated among adults with depression (4,

46, 47). Regarding child depression, while studies assessing attachment in

infancy yield a mixed picture, those with post-infancy assessments seem to

have established a reliable link between disorganization and depression (6). That

said, links to disorganization seem more consistent when considering more

serious forms of depression in need of treatment (4), potentially calling for

subtype-specific analyses.
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FIGURE 1 | Schematic diagram of the proposed typical vs. disrupted and disorganized attachment pathways.

literature (34, 38, 65) andmay even have been anticipated in early
unpublished writings of Bowlby (43).

Attempting to come to terms with this heterogeneity,
shortly after the notion of disorganization was first introduced,
Crittenden and Ainsworth (66)3 highlighted the added value
of distinguishing between abuse and neglect in the context
of discussing attachment disorganization. For example,
the abused child is “locked into forming an attachment
to his primary caregiver and yet his experience teaches
him that this attachment figure may be a source of pain
and injury” [(66), p. 449]. Conversely, neglected children
“desperately need the comfort and support of others [but]
rarely seek it or seem comforted by it when they receive
it” [(66), p. 450]. In line with these proposals and recent
efforts to delineate different pathways to disorganization,
Figure 1 outlines two distinct neurobiological hyper- and
hypo-arousal phenotypes in the context of disrupted and
disorganized attachment. Importantly, while these pathways
are informed by current neural models of adversity, threat,
and deprivation (67–70), they remain to be further examined
and empirically substantiated, particularly in the case of
disrupted and disorganized attachment. Accordingly, the
proximate attachment-oriented mechanism of co-regulation
by caregivers is thought to be severely impaired for both
hyper- and hypo-arousal pathways and subordinated to harm
avoidance and rigid self-regulation, respectively. Nevertheless,

3Although Main and Solomon (33) published their seminal chapter introducing

disorganized attachment in the following year, Crittenden and Ainsworth (66)

evidently already had access to it and referenced this chapter.

we believe that these behaviors serve as the best possible
solution for promoting survival in the context of insufficiently
available or threatening primary caregivers (who exhibit
frightened/frightening behaviors).

Summary
As a point of departure, we provided a brief overview of
disorganized attachment, beginning with key theories and
evidence regarding its putative origins and sequelae before
turning to its inherent heterogeneity. The heterogeneity of
disorganization emerges not only in terms of its phenomenology
but also regarding its ontogeny and etiology and may at
least partly reflect distinct adaptations upon exposure
to abusing and/or neglecting caregivers. Analogous to
early and current work on attachment disorganization
and recent developments in neuroscience (see below), we
consequently propose a distinction between a hypo- and
hyper-arousal subtype primarily deriving from the caregiver
serving either as a threatening or as an insufficient source of
co-regulation, respectively.

In the next section, before elaborating on the possible
neurobiological underpinnings of disrupted and disorganized
attachment, we offer a brief summary of NAMA’s functional
neuro-anatomical account of organized human attachment
within the field of social neuroscience. Readers familiar with
the up-to-date version of NAMA (17) are referred directly
to the section on “The Social Neuroscience of Disrupted and
Disorganized Attachment.”
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THE SOCIAL NEUROSCIENCE OF

ORGANIZED HUMAN ATTACHMENT

Most theoretical accounts of the neurobiological substrates
of interpersonal interactions and relationships derived
from social neuroscience thus far only indirectly refer to
attachment theory. This likely reflects the fact that only a
limited number of social neuroscience studies assess attachment
using narrative or self-report measures (71), and extant
work has nearly exclusively focused on adult populations.
Nevertheless, we recently synthesized all available experimental
evidence, suggesting a comprehensive framework of the social
neuroscience of (organized) human attachment (functional
neuro-anatomical model of human attachment—NAMA;
Figure 2) (15–17). NAMA draws directly on attachment theory
in that it presupposes a prototypical attachment pathway with
several sequential components that constitute the proposed
underlying neurobiological and brain mechanisms of organized
(i.e., secure, avoidant, anxious–ambivalent) human attachment.

Prototypical Attachment Pathways and

Neuro-Anatomical Model
In keeping with attachment theory (19–22), we assume
that (external or internal) events appraised as threatening
reliably activate the attachment behavioral system. Such
threat appraisal—and associated appropriate fear response—is
thought to challenge homeostasis, necessitating a compensatory
physiological and behavioral response to (re-)gain an optimal
internal milieu. Following the notion of allostasis (72), this
regulatory process helps the organism to adapt to changes in
the environment and meet anticipated demands. Accordingly,
we postulate the presence of an aversion module in NAMA
that encodes negative social experiences—from social exclusion
or abandonment in times of need to any kind of negative
occurrences, including those of a non-social nature—in
terms of a neural relevance/salience signal (73), prompting
further action (i.e., allostatic regulation). At the level of
neurotransmitters/hormones, the primary stress-related
hormone cortisol, acting through the hypothalamic–pituitary–
adrenocortical (HPA) axis, may underpin such aversion module
activation (Figure 2).

Once the fear response has been triggered, the next
crucial element of a prototypical attachment pathway involves
proximity seeking maintained by a fundamental social approach
motivation. In other words, we propose a “social flight response”
(74), not unlike the tend-and-befriend responses postulated
elsewhere (75), but tailored more specifically to AFs. The
underlying notion of this approach motivation is that (mutual)
social interactions should be subjectively experienced and
neurally encoded as intrinsically rewarding. We therefore situate
a reward-related approach module associated with the action of,
among others, dopamine, oxytocin, and endogenous opioids as
the second of four modules in NAMA (Figure 2).

Both the approach and aversion modules are deemed to
be activated by, and represent more automatic, bottom-up
biological and neural mechanisms and are thus summarized as

affective evaluation or emotional mentalization processes (76). It
should also be noted here that we view the approach and aversion
modules as two rather independent—albeit complementary—
neurobiological systems that can be de- or hyper-activated to
varying degrees in attachment-relevant situations as a function
of inter-individual differences in secure vs. insecure attachment
orientations (even in opposing directions), that is, we do not
equate de- or hyper-activation of the approach module with
attachment security and de- or hyper-activation of the aversion
module with insecurity as two diametrically opposing ends
of one single attachment dimension. Furthermore, we believe
that, except during the initial moment of approach module
involvement, to motivate a social approach response of support
seeking under distress (i.e., during simultaneous aversionmodule
activation), for typical (or organized) attachment patterns, the
two emotional modules should not be activated concomitantly
for an extensive time period/chronically, as this would lead to
conflicting social emotional states.

Once social proximity has been successfully established (and
the source of threat has been abolished), NAMA suggests
that the next stage in the prototypical attachment pathway
can unfold: emotion regulation. Initially mainly accomplished
by external co-regulation through AFs, this is increasingly
supplanted by self-regulation (i.e., by virtue of an internalized
source of regulation) with advancing development, with both
decelerated and accelerated adoption of self-regulation associated
with suboptimal outcomes (69). The primary goal of the emotion
regulation module is to down-regulate negative emotional states
to re-establish homeostasis and thereby reduce the allostatic load.
In the context of attachment, it has been elegantly demonstrated
that such regulatory influence of emotion regulation (mainly
via the aversion module) can encompass both conscious and
unconscious mechanisms and relies upon a variety of emotion
regulation strategies (77–79).

Provided that emotion regulation is effective and a return to
homeostasis is achieved, re-activation of the approach module
may occur following NAMA. This is because we assume that
the return to the organism’s optimal inner milieu and normal
range of arousal (entailing a reduced allostatic load) through
effective affect co- or self-regulation is experienced as positive
per se. Such personal positive experience of physically calming
down is presumably accompanied by additional socially positive
aspects of the interaction with the external co-regulator [e.g.,
affective touch, soothing verbalizations, etc. (72)] that serve to
establish a feeling of safety and security, which further reinforces
the rewarding nature particularly of co-regulation and the social
interaction as a whole.

Finally, we posit a mental state representation module
in NAMA. In the context of attachment, the mental state
representation module is conceived of as a central part of the
neural substrate of internal attachment working models that
emerge through repeated interactions with others and comprise
predictions about how to approach whom in times of need, how
the approached individual(s) will respond, and whether their
reaction will be helpful or not. Social neuroscience postulates that
a so-called default mode network may maintain such processes
[(80), see Figure 2].
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FIGURE 2 | Functional neuro-anatomical model of human (organized) attachment (NAMA). We propose that the (organized) human attachment system can be

described by two affective/emotional (left) vs. cognitive/control (right) systems on the neural level, and that these systems can be further separated into two modules

each (affective evaluation: aversion—red—and approach—green; cognitive control: emotion regulation—blue—and mental state representation—orange). We further

suggest that the aversion and approach modules as part of the affective system, as well as the affective and cognitive systems are in a dynamic “push-pull” balance.

Finally, we propose that neural activity within the affective system is mediated by (amongst others) dopamine, oxytocin (and vasopressin), endogenous opioids, cortisol,

serotonin, androgens/estrogen, etc. aversion module—ACC, anterior cingulate cortex; INS, insula; HC/HPA, hippocampus/HPA-axis; AMY, amygdala; ATP, anterior

temporal pole; approach module—vmPFC/OFC, ventromedial prefrontal/orbitofrontal cortex; HYP, hypothalamus; VTA/SN, ventral tegmental area/substantia nigra;

emotion regulation module—DLPFC, dorsolateral prefrontal cortex; LOFC, lateral orbitofrontal cortex; mental state representation module—MPFC, medial prefrontal

cortex; PCC/PREC, posterior cingulate cortex/precuneus; pSTS/TPJ, posterior superior temporal sulcus/temporo-parietal junction; aSTG, anterior superior temporal

gyrus; FG, fusiform gyrus. For more information, please refer to the main text. Adapted from Long et al. (17) and based on Vrtička (15) and Vrtička and Vuilleumier (16).

Both the emotion regulation and mental state representation
modules are summarized as cognitive control or cognitive
mentalization processes in NAMA [see (76)]. They are thought
to modulate the perception of social emotional cues and thus
emotional mentalization processes through top-down influences
by down- and up-regulating emotional states and determining
social approach or aversion motivations. Within this context,
we refer to mentalization as the imaginative mental activity
that enables us to perceive and interpret human behavior in
terms of intentional mental states [e.g., needs, desires, feelings,
beliefs, and goals; see (51)]. Broadly speaking, it is thought
that emotional and cognitive mentalization processes are in a
dynamic balance and that the “switch point” between them is

determined by the magnitude of affective arousal related to
attachment system activation in association with the respective
individual attachment-related strategies to maintain successful
regulation. Consequently, high affective arousal should push
the “switch point” toward emotional mentalization and thus
more rigid, fast, and unconscious processing [(76); for neural
and behavioral evidence in adults and children see (81, 82),
respectively; see Figure 2].

Inter-Individual Differences in Organized

Attachment
Besides describing the fundamental biological and neural
building blocks of human attachment associated with a
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prototypical attachment pathway (Figure 2), we place particular
emphasis on how inter-individual differences in the three
organized secure vs. insecure—avoidant and anxious–
ambivalent—attachment orientations affect the functioning
of the four NAMA modules in healthy participants across the
lifespan. In so doing, several patterns appear to emerge, which
are briefly summarized below and in Figure 2 [for more details
and a comprehensive summary of the evidence base, please
see (15–17)].

Firstly, secure attachment appears to involve reduced aversion
module activation during stressful situations (especially when
under threat or in pain) and preserved aversion module
structural integrity (comprising the HPA stress axis) in the
long term. Both mechanisms are likely propagated via a
protective effect of initially readily available social resources
for co-regulation, eventually translating into more efficient self-
regulation (bymeans of an internalized source of regulation), and
enhanced by security priming. This explanation is bolstered by
positive representations of others in the approach module and
more extensive functional connectivity between the emotional
and cognitive mentalization modules of NAMA sustaining self-
regulation and mental accessibility of others.

Secondly, attachment avoidance and its associated de-
activating strategies appear to be most consistently linked
to altered approach module functionality because (mutual)
social interactions with others are subjectively (i.e., pleasantness
ratings), biologically (i.e., oxytocin and opioid signaling), and
neurally encoded as less rewarding. Additionally, although
aversion module activation during negative social information
processing is reduced under specific circumstances (particularly
during brief and mild social exclusion in children and adults—
likely due to negative expectancy and ensuing disengagement)
(83–85), it is typically increased due to inefficient self-regulation
(mainly through suppression) (86) and lower availability of social
resources to deal with distress (e.g., lengthy social exclusion,
especially in adolescence) (87). The latter also manifests by
altered aversion module structure and connectivity, epigenetic
modification of the HPA stress axis, accelerated biological
aging/reduced telomere length, and increased baseline bodily
readiness (i.e., higher fasting glucose levels) (88, 89), all indicative
of heightened self-reliance and associated chronic stress. The
widespread general association between attachment avoidance
and the presence of de-activating secondary strategies therefore
appears to only partially “succeed” at a neurobiological level.

Finally, anxious–ambivalent attachment characterized by
hyper-activating strategies also associates with increased aversion
module activation during negative social information processing
and altered aversion module structure and connectivity. There
are, however, no consistent indications of a systematic regulation
inefficiency and/or chronic stress on the epigenetic level (HPA
stress axis). This pattern related to attachment anxiety therefore
rather points to increased saliency processing of social cues,
indicating the unavailability of others and a dependence on
external (co-)regulation. Such notions are corroborated by
increased approach module activation to (unexpected) positive
social clues reflecting a sustained wish for social closeness and
care when in need.

It should be mentioned here that, in contrast to data on the
aversion, approach, and emotion regulation modules, findings
implicating the mental state representation module linked to
attachment avoidance and anxiety are still too sparse for
deriving solid conclusions. We are only aware of one study in
adults linking avoidance with neural correlates, reflecting hypo-
mentalization during a specific mentalization task, and one study
in adolescents associating anxiety with decreases and increases in
brain activity during self- and other-representation in a range of
areas [also outside the mental state representation module; see
(17) for details].

From First- to Second-Person Social

Neuroscience of Attachment
Most of the aforementioned patterns of findings draw on
data gathered by only obtaining behavioral, biological, and
brain measures from one participant (i.e., first-person social
neuroscience). During the previous years, however, there has
been a paradigm shift toward assessing such measures from
two (or more) directly interacting participants (i.e., second-
person social neuroscience). In so doing, a special focus
is directed toward bio-behavioral synchrony—the time-locked
attunement of behavioral, physiological, endocrine, and neural
responding—during or immediately after social interaction (90).
One prominent social neuroscience method to assess neural
attunement in terms of inter-brain coherence is functional
near-infrared spectroscopy (fNIRS). In line with the theoretical
assumption put forward by Feldman (90), a stronger increase
in inter-brain coherence during cooperative tasks is usually
found between close interaction partners such as mother–child
dyads or romantic couples [as compared to interactions between
strangers (91, 92)]. Such results, however, do not allow for
directly answering the question whether and, if yes, how, inter-
individual differences in relationship quality (i.e., attachment)
may influence bio-behavioral synchrony/inter-brain coherence
during cooperative tasks within a given interaction partner
category. To our knowledge, there are only two fNIRS studies
available to date that provide preliminary evidence toward
this end.

In a first study, inter-brain coherence during a cooperative
button press task within mother–child dyads (child age 8–12
years) was found to be reduced among children with an avoidant
attachment toward their mothers (93). These findings, however,
did not survive correction for multiple comparison and child
gender, age, and attachment anxiety scores. In a second study,
inter-brain coherence was assessed during an interactive problem
solving task (tangram puzzle) in mothers with their 5 year-old
children (94). Besides finding that inter-brain coherence during
cooperation was positively associated with task performance, it
also correlated positively with behavioral measures reflecting a
secure mother–child relationship, such as behavioral reciprocity
and child agency. Taken together, these data suggest that a more
secure relationship can also manifest itself by increased bio-
behavioral synchrony during direct interaction. More research,
however, is needed to further extend and replicate these
preliminary findings in an attachment context.
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Summary
Within NAMA, we propose a prototypical initial attachment
pathway and its translation into four fundamental biological and
neural building blocks of human attachment—the four aversion,
approach, emotion regulation, and mental state representation
modules. This framework provides the foundation for the three
organized secure, avoidant, and anxious attachment pathway
derivatives and how the associated inter-individual differences
affect the functioning of the four NAMA modules in healthy
participants across the lifespan. As more recent investigations try
to establish links between bio-behavioral synchrony and inter-
individual differences in attachment in two (or more) interacting
individuals, the social neuroscience of attachment is currently
entering a new era.

In contrast to the aforementioned emerging patterns
relating to organized secure, avoidant, and anxious–ambivalent
attachment, much less is known about the social neuroscience
of maltreatment-related disruption and disorganization of
attachment. One central question is whether attachment
disorganization and/or maltreatment may manifest comparably
to attachment avoidance and/or anxiety on a biological and
brain level. Ideally, the evidence already available from healthy
participants summarized in NAMA may serve as a point of
reference for interpreting the data thus far available using social
neuroscience paradigms in clinical populations and generating
future investigations to further characterize the biological
and neural signatures of maltreatment-related disruption and
disorganization of attachment.

THE SOCIAL NEUROSCIENCE OF

DISRUPTED AND DISORGANIZED

ATTACHMENT

As outlined above, our aim is to extend NAMA—the model
of organized attachment outlined in the previous section—
to disrupted and disorganized attachment in the context of
maltreatment and adverse attachment-related experiences. To
this end, we draw on models of structural and functional brain
alterations in the wake of early adversity (67–70). Informed
by some of these models (67, 68), we propose distinguishing
between a neurobiological hyper-arousal phenotype related to
primary caregiver(s) as a source(s) of threat (e.g., abuse) and
a neurobiological hypo-arousal phenotype as a consequence
of (early) distress unassuaged by caregiver(s) (e.g., emotional
neglect). In so doing, we feel that it is particularly pertinent to
point out that we are by no means equating these phenotypes
with concrete adverse events, specifically abuse (the presence of
threatening/harmful input) and neglect (or deprivation/lack of
necessary input), respectively (95). In our view, the fundamental
issue rather is if these adversities are mainly attributable to
actions by the primary caregivers and the attendant issue of
whether the adversities interfere with the function of caregivers
as sources of co-regulation. As such, pervasive abuse and
neglect may serve as prototypical environmental experiences
that often coincide with the expression of these neurobiological
phenotypes, yet other dimensions such as timing of adversity

[e.g., (96)], child gender (97), neonatal hippocampal volume
(11), temperament, or genotype (4, 23) may prove as crucial
moderators (see Figure 3, row 1).

Thus, as already elegantly outlined by Crittenden and
Ainsworth (66), unlike exposure to abuse and neglect,
disorganized attachment is conceptualized in terms of a
representational model amalgamated from the history of
caregiving experiences (i.e., not a singular or set of singular
event/s) as well as the individual’s adaptive and (co-)regulatory
efforts marshaled in response to these experiences. This is not to
deny that adversity cannot have a lawful and direct temporary
or lasting impact on neurobiological development as a function
of the specific patterning of experience regarding, for example,
the timing of experience in terms of sensitive periods of brain
development (70). However, the recent data from the Bucharest
Early Intervention Project (98) and English and Romanian
Adoptees study (99) provide first causal evidence in humans
that sensitive periods and windows of opportunity regarding the
development of the social brain appear to be broader relative
to those of other species [see also (100)]. Thus, the impact of
severe and chronic deprivation seems at least partly reversible
if it is terminated early (101), and puberty may provide yet
another window of opportunity for potential recalibration
(102). In turn, this suggests that developmental time windows
exist, during which effects of even such severe adversities
remain highly malleable and under the influence of subsequent
caregiving experience.

Informed by the ecophenotype model of Teicher et al. (70,
103), we assert that this perspective on the neural correlates of
early adversity may offer a helpful new vantage point, potentially
aiding us in understanding the many (initially) adaptive
behaviors children and adults show in the face of adversity,
including hyper-cooperativeness (104), compulsive compliance
(105), and indiscriminate friendliness (106), which would
otherwise remain puzzling from a pure perspective of neuro-
cognitive dysfunction [see (107) for evolutionary arguments on
why these behaviors might be adaptive, for example, in the sense
of minimizing the odds of malignant and maximizing the odds
of benign interactions]. In particular, we propose distinguishing
between neurobiological hyper- and hypo-arousal phenotypes
coinciding with disrupted and/or disorganized attachment,
primarily based on the available neurobiological data from
children with severe adversity. Importantly, these admittedly
speculative and preliminary assertions are largely based on
indirect evidence from samples exposed to severe early-life
adversity rather than direct evidence from effects of attachment
disorganization, a distinction that we will repeatedly return to
below (and that is summarized in Figure 3, rows 2–5).

Alterations in the Aversion Module
Most neurobiological alterations directly associated with
disorganized attachment have been documented in neural
regions and physiological indices linked to what has been termed
the aversion module in NAMA. For example, a number of
psychophysiological studies suggest that infants classified as
disorganized show increased reactivity of the autonomic nervous
system and HPA axis to caregiver separation and reunion
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FIGURE 3 | Functional neuro-anatomical model of disrupted attachment (NAMDA). By integrating theoretical models and empirical evidence from the fields of

attachment and childhood maltreatment, we propose that disruption and disorganization of attachment manifest in two differential neurobiological phenotypes

characterized by hypo-arousal vs. hyper-arousal. Empirical support for these neurobiological phenotypes is summarized focusing on brain function of four neural

modules—the aversion, approach, emotion regulation, and mental state representation modules—and compared to the neurobiological underpinnings of organized

secure, avoidant, and anxious-ambivalent attachment as formulated in the functional neuro-anatomical model of human (organized) attachment (NAMA). Further,

primary determinants of organized and disorganized attachment are listed. aversion module—ACC, anterior cingulate cortex; INS, insula; HC/HPA,

hippocampus/hypothalamic-pituitary-adrenal axis; AMY, amygdala; ATP, anterior temporal pole; approach module—vmPFC/OFC, ventromedial prefrontal/orbitofrontal

(Continued)
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FIGURE 3 | cortex; HYP, hypothalamus; VTA/SN, ventral tegmental area/substantia nigra; emotion regulation module—DLPFC, dorsolateral prefrontal cortex; LOFC,

lateral orbitofrontal cortex; mental state representation module—MPFC, medial prefrontal cortex; PCC/PREC, posterior cingulate cortex/precuneus; pSTS/TPJ,

posterior superior temporal sulcus/temporo-parietal junction; aSTG, anterior superior temporal gyrus; FG, fusiform gyrus; ANS, autonomic nervous system; AV,

avoidant attachment; AX, anxious-ambivalent attachment; SEC, secure attachment. Adapted from Long et al. (17).

procedures relative to infants classified in one of the organized
categories (108–110).

Importantly, these findings, indicative of a hyper-reactive
HPA axis, dovetail with the pattern observed in children and
adolescents in the wake of severe physical or sexual abuse but
not neglect (111, 112). However, by far the largest population-
based Generation-R study comparing cortisol responses to the
Strange Situation Procedure (SSP) among 72 disorganized to
297 non-disorganized infants failed to confirm this pattern,
rather showing that anxious–ambivalent infants exhibited the
highest cortisol reactivity relative to other classifications [(113),
see (114) for a second non-replication]. That said, although
the Generation-R Study is one of the largest of its kind,
presumably due to its population-based nature, there was
a high proportion of disorganized infants who received a
secondary secure classification, potentially suggesting that their
disorganized status was less attributable to severe abuse or neglect
[see (4, 115, 116)], though this also applied to studies which
detected cortisol hyper-responsivity among disorganized infants
(110). Moreover, it is noteworthy that Generation-R employed
an adapted SSP with shorter (pre)separation episodes, which
may have diminished the odds of detecting evidence of HPA
axis hyper-reactivity.

Two functional magnetic resonance imaging (fMRI)
studies showing distressing attachment-related picture stimuli
to unresolved–disorganized adults demonstrated increased
amygdala activation compared to their organized counterparts
(13, 14). Interestingly, the latter resembles the pattern of
increased amygdala activation in response to threatening faces
among abused vs. non-abused youth (117), with a recent meta-
analysis indicating that this pattern applies across maltreated
children and adults alike (118). These data directly implicate
the heightened activity and responsivity of threat detection
and stress response during activation of the attachment system
related to disorganized attachment, which could partly account
for the persistent freezing and/or apprehension of these infants
in response to their caregivers.

Moreover, in a small study of 18 infants from low-income
families followed through adulthood, Lyons-Ruth et al. (9) found
that disorganized attachment classified using the SSP in infancy
was associated with a larger amygdala volume in adulthood, while
a recent study on adults (N = 74) showed unresolved attachment
to be associated with reduced hippocampal volume (12). Similar
morphological changes have again surfaced in human and non-
human primate studies showing increased amygdala volume
following exposure to physical abuse (119), chronic maternal
depression (120), as well as institutional rearing and international
adoption (121, 122).

These patterns notwithstanding, there is also some direct
support for opposing effects of disorganization, indicating the

presence of a hypo-arousal phenotype. Firstly, disorganization
coincided with a flattened diurnal cortisol slope in infancy in
the aforementioned Generation-R study, with follow-up analyses
implicating a hypocortisolism that applied particularly to the
disorganized children with an insecure rather than a secure
secondary classification (113). Crucially, at the level of the
HPA axis, large-scale studies have recently documented that
maltreatment, in particular when occurring early and involving
neglect by the caregiver, is linked with hypocortisolism (123–
126). This tamping down or “blunting” of indices composing the
aversion module may reflect the long-term consequences of an
“evolutionarily conservative” response involving an excessively
self-reliant emotion regulation strategy that is metabolically less
costly and minimizes the risk inherent in depending on others as
sources of co-regulation (127, 128).

Secondly, the largest recent structural neuroimaging study
in over 500 children with infant attachment indexed by the
SSP found that disorganized attachment at 14 months was
directly linked to 10 year-olds’ increased hippocampal volume
as well as tentative indications of increased structural integrity
of the uncinate fasciculus—the largest white matter tract
connecting the prefrontal cortex and the anterior temporal
lobe (though the latter finding did not survive correction for
multiple testing) (8). Intriguingly, the latter may resemble
a stress-dependent acceleration of neural development and
prefrontal–amygdala connectivity, in particular, as documented
in previously institutionalized youth (69). Potentially in
a similar vein, enhanced functional connectivity between
anterior medial temporal gyrus and amygdala has also been
associated with adverse childhood experiences, with physical
and emotional neglect constituting the most important subtypes
(129). Moreover, indirect evidence stems from fMRI studies
administering rejection–stimuli and a social exclusion task to
youth who primarily experienced emotional abuse and neglect,
documenting diminished activation of the amygdala and dorsal
anterior cingulate (130, 131).

This latter pattern of hypo-arousal may prove particularly
distinct compared to the organized insecure attachment
classifications outlined in NAMA. Here we also posit a
divergent pattern vis-à-vis insecure–avoidant individuals whose
suppressing strategies primarily are less efficient during excessive,
persistent, or inescapable threat (e.g., during the SSP itself or
lengthy social exclusion in adolescence). Unlike for avoidance,
we predict that the disorganized hypo-arousal phenotype may
exhibit reduced aversion/stress responses even during such
high-level stressors, such as the Trier Social Stress Test, where
early deprivation has been associated with a blunted cortisol
response (132). By contrast, we hypothesize that activation
in physiological and neural markers of aversion and distress
characteristic of the hyper-arousal phenotype will be more
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pronounced than in the organized attachment classifications as a
whole, though the effects are likely to prove least strong vis-à-vis
organized insecure-ambivalent (i.e., anxious) strategies.

Alterations in the Approach Module
To the best of our knowledge, little or no direct evidence
exists to date for effects of disorganization on brain regions
comprising the approach module in NAMA. However, results
from the large-scale Generation-R sample of 626 6 week-
old infants of whom 132 were later classified as disorganized
(vs. organized) at 14 months in the SSP revealed reduced
gangliothalamic ovoid diameter, which may potentially also
reflect structural alterations in (early) basal ganglia development
(133). Similarly, ample indirect evidence suggests the diminished
responsiveness of the basal ganglia (mainly ventral striatum) in
response to (anticipation of) reward, primarily among youth
exposed to severe deprivation or neglect (134, 135) as well as
family adversity (136). Though one study also linked childhood
abuse to reduction of globus pallidus activation during reward
anticipation, the probable concomitant effects of neglect were
not assessed in this study (137). Broadly speaking, this blunted
approach-related response may reflect a motivational deficit
impeding effective engagement with environmental pressures
(138) which, we suggest, may also reflect reduced gravitation
to sources of co-regulation in childhood. Coupled with the
aforementioned blunting of systems involved in the aversion
module, diminished reward sensitivity and approach reactivity
may account for Crittenden and Ainsworth’s (66) prescient
observation that neglected children fail to act on the need for
co-regulation from their caregivers.

Besides this, it is intriguing that a meta-analysis on maltreated
youth and adults specifically suggested increased basal ganglia
activation (globus pallidus and lentiform nucleus) during
exposure to threatening faces (118). Furthermore, in a sample
of children with early caregiver separation experiences (over half
of this sample exposed to neglect prior to separation), Puetz and
colleagues (130) documented a greater activation of the ventral
tegmental area (VTA) and increased functional connectivity of
VTA to dACC among youth during social exclusion, though the
caudate nucleus showed reduced activation.

Tentatively, we interpret the activation of regions in the
approach module during exposure to aversive stimuli as neural
evidence of an approach–avoidance conflict, in particular, when
it occurs in conjunction with activation of regions linked to
aversion [as suggested by VTA–dACC connectivity in (130)].
It will be incumbent on future research to determine whether
such patterns are also observable at other physiological levels,
such as the potential for co-activation of parasympathetic and
sympathetic branches of the autonomic nervous system implicit
in the notion of autonomic space proposed by Berntson et al.
(139). To the extent that Cyr et al. (34) link the approach–
avoidance conflict more specifically with abuse, due to the dual
role of the caregiver as safe haven and source of distress, it
is conceivable that such patterns will prove more characteristic
of the hyper-arousal phenotype of disrupted and disorganized
attachment. That said, we noted at the outset that absence of and
persistent rebuffs by the caregiver may also coincide with such

conflict because the need for the caregiver becomes associated
with alarm (even if s/he is not necessarily the source)—which
may suggest that an approach–avoidance conflict characterizes
both hypo- and hyper-arousal phenotypes.

Alterations in Emotion Regulation and

Mental State Representation Modules
Given the paucity of direct and indirect evidence regarding the
effects of attachment disruption on brain regions associated
with emotion (self-)regulation and mental state representation
modules as well as their structural and functional overlap, we will
discuss these jointly. Regarding emotion (self-)regulation, the
aforementioned study on youth with early separation experiences
showed a diminished activation of the dorsolateral prefrontal
cortex (DLPFC) during social exclusion (130). Furthermore,
the same and a related study exposing maltreated youth to
rejection-related verbal stimuli detected a diminished activation
in regions linked to mental state representation [medial PFC
(mPFC), temporo-parietal junction, and precuneus], though
findings on superior temporal sulcus (STS) were contradictory,
with activation increased in one (130) but decreased in another
study (131), potentially due to task- or sample-specific factors.
Most children in the latter study (131) experienced emotional
abuse, followed by neglect and witnessing domestic violence,
whereas most children in the former study (130) had been
separated from their caregivers, which is usually an indication of
severe multiple-subtype maltreatment, but it was only reported
that 64% of their sample had experienced some form of
neglect. Broadly speaking, we would therefore tentatively link
the hypo-arousal phenotype to diminished activation in regions
subserving mental state representation, especially during social
stress, potentially analogous to the mentalizing deficits often
linked with attachment disorganization and related disorders
(140, 141).

By contrast, McLaughlin et al. detected increased DLPFC,
mPFC, and dACC activation among abused adolescents during
the effortful attempt to reduce an emotional response to
negative stimuli, potentially indicating a less efficient emotion
regulation region, as indicative of the hyper-arousal phenotype
(142). Furthermore, the aforementioned meta-analysis by
Hein and Monk (118) found an increased activation in
posterior STS (pSTS) during exposure to threatening faces
among maltreated youth and adults relative to non-maltreated
controls. It is noteworthy that while the pSTS is thought
to perform a central role across most, if not all, forms of
social perception, meta-analytic data suggest an intermediate-
level role between automatic/reflexive and effortful/controlled
mentalizing, aiding, for example, in the inference of intentions
from behavior (143). Notably, this contrasts markedly with
the more controlled/effortful forms of higher-order meta-
representational mentalizing mediated by the mPFC, subserving,
for example, perspective taking when others are thought
to be markedly different from oneself (143). Therefore,
we concur with Hein and Monk (43), who interpret the
maltreatment-related increase in pSTS activation while viewing
threatening faces in terms of more rapid (and potentially
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biased) detection of others’ threatening states of mind (e.g.,
hostile attribution bias), potentially enabling maltreated children
to more efficiently navigate socially dangerous or harmful
environments—a pattern we would associate more strongly with
the hyper-arousal phenotype.

Potential Alterations in Further Brain

Regions
In the previous theoretical examination, we focused on four
neural systems which are central for inter-individual differences
in NAMA. However, there are also other brain regions that could
convey differential effects based on early adverse child–caregiver
interactions. One such region is the corpus callosum, the white
matter structure that connects the brain hemispheres. In both
neglected and abused individuals, the reduced integrity and area
of the corpus callosum is a well-replicated finding (144). Teicher
et al. (70) argue that these alterations might indicate an (at first)
adaptive mechanism by which the affected individuals adjust to
an enduring approach–avoidance conflict in the relationship to
a maltreating caregiver. This notion is supported by research
providing evidence for more lateralized and less integrated brain
activity in maltreated individuals (145), which could be the
functional correlate of reduced callosal integrity.

These functional alterations, in turn, could also underlie the
“black and white” thinking as well as “splitting” characteristic
of borderline personality disorder, a mental disorder that
is often preceded by childhood maltreatment (146) and
associated with disorganized attachment (147) and unresolved
psychological trauma, as indexed by the Adult Attachment
Interview (AAI) (148). Moreover, disorganized attachment has
also been associated with the emergence of “segregated systems,”
a regulatory strategy that entails a diminished integration of
affects, expectations, and so on to prevent the individual
from feeling overwhelmed in the present but resulting in
continuation of mismatched or incompatible fears in the future
(43). Therefore, disorganized attachment due to neglect or abuse
could also be associated with the reduced integrity or area of the
corpus callosum.

Summary
We have offered above a brief overview of the direct and indirect
(i.e., maltreatment-related) evidence in support of the distinction
between hyper- and hypo-arousal phenotypes of disorganized
attachment (summarized in Figure 3). Our proposal receives
most direct support in the case of the aversion module where
the caregiver primarily serves as a threatening or insufficient
source of co-regulation predisposing to hyper- and hypo-arousal
profiles, respectively. However, as far as alterations in the
approach, emotion regulation, and mentalization modules are
concerned, our suggestions remain preliminary and in need of
further exploration and confirmation in light of the paucity
of direct evidence. In sum, we would like to encourage future
research to formulate hypotheses and examine inter-individual
differences associated with disorganized attachment regarding
regions of interest not only within the proposed four neural
modules of NAMA but also within other brain areas implicated
in early adverse child–caregiver interactions.

DISCUSSION

We would like to wrap up by reiterating that, unlike most
prominent models in the field (67–70), we are not emphasizing
alterations in developmental neurobiology across the modules of
NAMA as a function of the direct impact of adverse experiences
per se. We rather contend that the influence of adverse
experiences is filtered through the child’s self- and co-regulatory
efforts with their caregivers. The important implication is that
singular maltreatment events in an otherwise nurturing and
secure attachment relationship or early adverse events occurring
outside the (current) family context should have a much
weaker long-term influence in our model relative to these other
models (6).

However, the flip-side of this argument is that children
are most vulnerable to the occurrence of persistent adversity
that occurs within their primary attachment relationships, in
particular, before adolescence (69). Here we have proposed the
presence of neurobiologically distinct hyper- and hypo-arousal
phenotypes prototypically (but not exclusively) emanating
from environments characterized by caregiver-related abuse
and neglect, respectively. While much direct evidence initially
accrued in support of a hyper-arousal pattern for disorganized
infants (especially regarding cortisol), recent (primarily indirect)
evidence from severely deprived and neglected samples has
increasingly begun to document an opposing hypo-arousal
pattern. Furthermore, the latter group also appears to show
abnormally low levels of approach- and reward-related neural
activity, which may, potentially, serve as a neural substrate
for the apparent lack of motivation for interpersonal co-
regulation, reflecting an early need that remained largely unmet
across childhood.

Our argument, inevitably, raises the issue of adequate
characterization of adverse experience. Unfortunately, much
neuroimaging work to date has relied on samples with
highly heterogeneous and inadequately characterized child
caregiving histories. A prominent case in point is that of
previously institutionalized samples that are often subsumed
under the umbrella term “deprivation” when typically it is
very challenging to retrieve information on experiences prior
to or during institutionalization. Moreover, the disruption
often associated with international adoption and the abrupt
shift to (typically) very caring interactions that facilitate
catch-up can become sidelined. While this work is ideal
for understanding sensitive windows, it is often limited in
terms of dissecting differential effects of specific environments
because typically too little information on the exact nature
of the environments is available, though exceptions exist with
considerable effort spent on characterizing the (pre-)institutional
(caregiving) environment up to its direct observation [e.g.,
(149)]. Thus, aside from within-group analyses considering
length of institutionalization, extracting more specific dose–
response effects of certain attachment-specific environments is
exceedingly difficult.

Another issue implicit in our model that deserves more
attention in future research is variation within healthy and non-
maltreated samples in terms of secure vs. insecure (as well
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as organized and disorganized) attachment4. Very little or no
research has attempted to take this variation in the “control”
group into account when deriving the specific neurobiological
sequelae of adversity. What are the distinct patterns of biological
measures and neural activity, anatomy and connectivity as
compared to these more burdened yet nevertheless normative
samples? Actually, a debate within the attachment field that is still
ongoing and began with classic attachment theorists, including
Main and Ainsworth, implied that disorganization is continuous
with the insecure strategies (150).

It is also worth noting that our model is primarily informed
by studies relying on Hesse and Main (64) conceptualization of
disorganized attachment. Notably, however, an important fMRI
study by Strathearn et al. (151) using Crittenden’s AAI coding
system detected a diminished approach system activation among
mothers with increased avoidance (type A) while viewing their
own vs. other baby’s face displaying positive and negative affect5.
Though this pattern is in keeping with our predictions regarding
the hypo-arousal subtype and the Crittenden coding system may
have more clinical utility (148), it is important to note that the
sample in this study was composed of mothers drawn from
the general population. Therefore, it is difficult to judge the
extent to which such findings are more applicable to NAMA
(with its focus on organized attachment) or NAMDA (with its
clinical focus on attachment disruption and disorganization).
As noted above, Crittenden’s conceptualization of the sequelae
of maltreatment or abuse from caregivers holds that children’s
attachment becomes markedly organized (35, 36). Notably,
Crittenden’s and Main’s attachment categories show a poor
empirical overlap (36), cautioning scholars against considering
them equivalent. However, Crittenden’s system also emphasizes
diversity and complexity within the attachment of maltreated
children (37, 152), which is consistent with the heterogeneity that
we are positing here, and therefore future examination of the
extent to which this system conforms to the NAMDAmodel may
be warranted.

One further complicating factor is the question of what
happens to disorganization over time. This gets at the complex
issue of normative trajectories of brain development (involving
proliferation, pruning, etc.) and acceleration or deceleration
of brain development due to adversity (69). This cannot be
addressed at great length here, but timing of assessment,
onset, recency, and chronicity of adversity may be crucial

4In a similar vein, another issue worthy of examination is whether individuals’

secondary attachment strategies matter in terms of whether they coincide with

hypo- vs. hyper-arousal, that is, if a disorganized child is disorganized/dismissing

vs. disorganized/preoccupied will this lead to differential prediction regarding their

patterns of neural and physiological activation? These questions are admittedly

difficult to examine as they require large samples of children classified with

disorganized attachment. However, the use of factor analytically derived scores

of preoccupation, dismissal, and disorganization could help researchers gain

statistical power to answer some of these research questions.
5Please note that Crittenden’s coding system, in line with her theoretical

perspective, does not include a disorganized category, rendering it conceivable that

the findings of Strathearn et al. (151) were driven by what would be classified

as higher levels of attachment disruption or disorganization within the Main

classification system among what are classified as type A individuals in the

Crittenden system.

determinants of structural and functional brain alterations and
other neurobiological indices. This is a fundamental issue
because of well-supported theories that trauma initially leads to
up-regulation followed by down-regulation below the initial set-
point, resulting in under-responsiveness/blunting of the stress
response in the long term (153, 154).

Finally, as mentioned briefly in the introduction when
describing NAMA, a paradigm shift is currently underway in
social neuroscience emphasizing the assessment of two (or)
more directly interacting individuals (i.e., second-person social
neuroscience). In the context of attachment, this means that
new research is emerging on bio-behavioral synchrony and
its association with inter-individual differences in relationship
quality, particularly parent–child attachment. Although recent
data on organized secure vs. insecure attachment appears
promising, more research is necessary to replicate and extend
these novel patterns. We are not aware of any direct evidence
for effects of attachment disruption and/or disorganization in
second-person social neuroscience investigations. However, the
first indirect evidence on maltreated preschoolers dovetails
with our proposal, revealing a positive concordance in
parasympathetic activity for abusive, but no concordance
for neglectful, mother–child dyads during puzzle tasks (155).
It thus remains to be seen whether the proposed dissociation
between a hypo-arousal phenotype vs. a hyper-arousal phenotype
also extends to patterns of bio-behavioral synchrony among
disorganized dyads and, if yes, what the implication of such
dissociation may be.

In closing, our focus on co-regulation in the attachment
relationship as opposed to the direct impact of early adverse
childhood experiences carries important implications for
intervention. Thus, to the extent that disorganized attachment
is part of a fundamental interpersonal risk mechanism that is
self-perpetuating in the sense that it confers deficits in forming
and maintaining new relationships, this deserves to be the
central focus of intervention (60). Moreover, to the extent that
hyper- and hypo-arousal phenotypes can emerge in the wake of
early adversity, they may call for differential intervention foci.
For example, children exposed to an inaccessible or insufficient
source of co-regulation may benefit most from targeting the
child’s ability to express and the parent’s capacity to perceive the
child’s emotional needs, helping children regain confidence in
“being heard.” By contrast, in the case of a threatening source
of co-regulation, it is crucial to enable children to regain a
feeling of emotional and physical safety by providing corrective
therapeutic experiences and focusing on the origin and meaning
of frightening behaviors for caregivers and children. Analogous
to foster care intervention, a central goal may be to establish
new trusting relationships by enhancing understanding of
children’s dysregulated behavior, addressing the caregivers own
attachment-related histories, and raising awareness of possibly
(often subtle) threatening behaviors (156–158).

It is our hope that our extension of the NAMA to a
neuroanatomical model of disrupted attachment (NAMDA) will
stimulate further research and debate in the field. With the more
widespread availability of advanced biological and neuroimaging
techniques, the NAMDAmay offer a helpful guide for organizing
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emerging patterns of data in the field. In turn, this may ultimately
help to further advance theory and research on attachment
and childhood adversity within the twenty first century and
serve as point of departure for the formulation of individualized
prevention and intervention strategies.
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Social media platforms, such as Facebook, Twitter, and Instagram, are now part

of almost everyone’s social life, especially for the newer generations. Children and

teenagers grew up together with these Internet-based services, which have become an

integral part of their personal and social life. However, as reported in various studies,

psychological and psychiatric problems are sometimes associated with problematic

usage of social media. The primary purpose of this review is to provide an overview

of the cognitive, psychological, and social outcomes correlated with a problematic

use of social media sites during the developmental stages, from age 10 to 19

years. With a specific focus on depression, anxiety, eating, and neurodevelopmental

disorders, the review also discusses evidence related to genetic and neurobiological

issues, together with the implications in clinical work and future directions under

a multidisciplinary perspective. While the scientific community has made significant

progress in enhancing our understanding of the impact of social media on teenagers’

lives, more research integrating biological and environmental factors is required to fully

elucidate the development of these disorders.

Keywords: social media, Facebook, Instagram, Twitter, depression, anxiety, adolescence, psychiatric disorders

1. SOCIAL MEDIA: AN INCREASING PHENOMENON IN HUMAN
BEHAVIOR

In our global digital world, social connections are embedded within the external environment we
are physically engaged in and the life that we virtually share on social media. Social media is a
class of mobile and Internet-based applications that allow people to receive information and to
build and share user-generated content. Through the creation of a virtual profile, it is possible
to interact with real-life friends, meet new people from all over the world, connect with one’s
favorite celebrities, and to maintain both online and offline relationships. Since 2004, the use
of social media has been increasing rapidly, with the possibility to be connected to the Internet
anytime and anywhere. According to the nature of the content, the user can choose, from a wide
range of applications, the platform that best suits the purpose of the communication. For example,
Facebook is more focused on real-life friends and relatives and encourage interactions through
services such as sharing pictures, videos, status updates, and joining groups with specific interests.
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Social platforms like Twitter, which are also known as
“microblogs,” are characterized by brief communication. Other
applications, like Instagram or Snapchat, provide photo- and
video-sharing services, together with the possibility to like,
comment, and re-post preferred content. Figure 1 shows the
popularity of the leading social networks, ranked by the
worldwide number of active users (source: ourworldindata.org).

Social media platforms are widely used across different age
groups and cultures, but especially for children and teenagers,
online communication represents “a window into the secret
world of adolescent peer culture, even as it offers young people
a new screen for the projection of adolescent developmental
issues” (1). While social media offers tremendous potential in
allowing self-expression of personality and maintaining contact
with a network of friends, some studies have also highlighted
the risk of negative consequences of excessive online social
platforms usage (2, 3). Online social interaction, the blurring
of lines between offline and virtual life (4, 5), and the concept
of digital identity (6) have become topics of great interest in
psychology and mental health fields (7). Researchers in the field
are attempting to find a consensual definition of the concept
of “problematic social media use,” as it is often confused with
a description of addictive behavior related to general Internet
services, which has been included in the 5th edition of the
Diagnostic and Statistical Manual of mental disorders (8). In
accordance with a biopsychosocial framework, problematic use
of social media involves a set of alterations affecting biological
functions (i.e., neurotransmitters regulation and circadian
rhythm); cognitive, psychological, and affective mechanisms (i.e.,

FIGURE 1 | Number of people using social media from 2004 until the end of 2019; estimates correspond to monthly active users, defined as those who logged in

during the past 30 days. Source: Esteban Ortiz-Ospina (2019)–-“The Rise of Social Media,” published online at ourworldindata.org and retrieved from

https://ourworldindata.org/rise-of-social-media.

attention, salience, mood fluctuation, and anxiety), and aspects
related to the social sphere (i.e., social desirability, popularity,
and conflicts), resulting in a decreased perceived quality of life.
Feedback from people belonging to the virtual social community
can affect individual self-esteem and, generally, well-being (9–
13). A problematic use can also affect other aspects of a teenager’s
daily life, such as academic performance, time management
issues, procrastination, distraction (14), and sleep disturbances
(15). In severe cases, averse outcomes could arise and, if
prolonged, can become highly impactful, with the further risk of
developing psychiatric disorders (16). As the Internet and social
media are a recent phenomenon, it is more likely that the effect of
excessive or problematic usage will affect individuals duringmore
sensitive temporal frames, such as childhood and adolescence.
A survey conducted in the United States in 2018 reported that
45% of the teenagers interviewed say they are almost constantly
online, without differences among sexes, ethnicities, family
incomes, and parental level of education (for the full report, see
Teens, Social Media & Technology 2018). Given the continuous
exposure to the virtual environment, it is essential to understand
the impact that online social relationships have on mental health
and interpersonal functioning in developmental stages. The aim
of our review, compared to other recent publications [see (17,
18)], is to provide a detailed overview of not only the effect
of social media in general but also of the associations between
specific platforms and psychopathology. We believe that this
point is relevant, as it is important to distinguish among the
different social media platforms given that each of them has
specific, unique features that drive young users’ preferences.
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Furthermore, social media usage is often included in the broader
category of Internet usage, despite the social connotation that
primarily describes and defines these kinds of sites. Moreover, the
included articles were discussed according to specific disorders
that can develop during childhood and adolescence, not merely
depression and anxiety that are the most explored disorders but
also addictive behaviors toward substances and eating disorders
(EDs), as both start to develop during adolescence. In fact,
developmental stages are more vulnerable to environmental
insults just because of the greater plasticity of the central nervous
system, the multiple biological changes, and the formation of
psychological mechanisms that drive social behaviors (19, 20).
Due to the differences that define each platform, one of the main
purposes of the present review is to provide evidence related
to targeted social media services, instead of a more general
discussion on social media. In fact, we retain that themultifaceted
manifestation of diverse psychological issues might be expressed
differently through the multiple ways of communication, such
as text, video, or picture. As social behavior and the risk for
psychiatric disorders is related to the activity of determined
brain regions and biological features (21, 22), and since we
are addressing the outcomes of problematic social media usage
(PSMU) under a biopsychosocial perspective, we will also provide
an overview about the neuroscientific and gene-by-environment
contribution to the interplay between social media and the
development of psychiatric disorders in adolescence.

2. METHODS AND RESULTS

The review adopted the Preferred Reporting Items for Systematic
reviews and Meta-Analyses (PRISMA) model in conducting a
systematic literature review. A search of four scientific electronic
databases yielded 42 papers for qualitative evaluation. We
searched PubMed Central, PubMed, PsycInfo, and Scopus
databases for articles on psychiatric disorders in youths related
to social media. Since this topic embraces multiple fields, such
as computer science and information and communication
technologies, we also browsed the Association for Computing
Machinery Digital Library and the Institute of Electrical and
Electronics Engineers Xplore Digital Library to find relevant
research articles in the proceedings of conferences focused on
the role of social media in explaining psychological issues in the
developmental age. We comparatively analyzed the literature
from 2006 up to the end of July 2020, combining different
keywords and Boolean operators. A database was generated by
combining terms and Boolean operators, such as “social media”
AND “child*,” “social media use” AND “child*,” “social media”
AND “disorder” AND “youth*”. To include more targeted
records, we conducted a further search on the same databases
using terms describing the specific issues we meant to address
in this review: (“YouTube” OR “WeChat” OR “TikTok” OR
“Reddit” OR “Pinterest” OR “Facebook” OR “Instagram” OR
“Twitter” OR “Tumblr” OR “MySpace” OR “Whatsapp”)
AND (“psychiatric disorder” OR “mental health” OR
“psychological well-being”) AND (“adolescent*” OR “youth*”
OR “teenager*”).

2.1. Eligibility Criteria
From a methodological perspective, studies had to fulfill the
following criteria to be included: journals and proceedings of
conference papers published up to the end of July 2020, published
in English, and meeting the following criteria:

1. participants: children and adolescents until the age of 19
with a profile on at least one of the most popular social
media platforms (Facebook, YouTube, WhatsApp, WeChat,
Instagram, Twitter, TikTok, Tumblr, Reddit, Pinterest,
Snapchat, MySpace, Q-Zone); we opted to consider the age
of 19 as the upper limit of adolescence, in accordance with
the definition provided by the World Health Organization
https://apps.who.int/adolescent/second-decade/section2/page
1/recognizing-adolescence.html;

2. interventions: assessment of psychiatric disorders in the
developmental ages (depressive symptoms, anxiety and related
issues, EDs and body dissatisfaction, neurodevelopmental
disorders, substance misuse or abuse);

3. comparison: it is not applicable, as we only included studies
based on the sample of social media users;

4. outcomes: we considered the levels of psychological well-being
or diagnosis of psychiatric disorders as the outcome;

5. study design: we included studies containing quantitative
approaches to produce empirical data and qualitative designs.

2.2. Results
For the selection procedure for the included articles, please
refer to Figure 2. In the results, we will discuss only the studies
resulting from the literature research. In Table 1, all the articles
included in the review are listed, together with the principal
information. Effect size computations for each study have been
performed using an effect size calculator (64) or calculated
manually. When more variables were analyzed in the study, we
reported the range of values for effect sizes (Cohen’s d). Disorders
will be discussed in distinguished macro-categories, divided by
diagnostic class, according to the DSM-5(65). Relevant topics
such as involvement/changes of neural correlates and genetic
contribution will also be discussed. A total of 31,823 papers were
screened by title and abstract, 1,394 were considered for further
screening, and 511 duplicate papers were removed. Note that 839
papers were removed after assessment for eligibility according
to the exclusion criteria, resulting in 44 papers included in
the review.

2.3. Depressive Symptoms and Mood
Disorders
Depression is a prevalent mood disorder, in which symptoms
include persistent sadness and a loss of interest in activities that
the person enjoys typically, together with the inability to carry out
daily activities (65). With regard to childhood and adolescence,
interpersonal models of depression in developmental ages
accentuate the cyclical associations between social experiences
and depressive symptoms. New schemes in the interpersonal
environment, with more articulated, frequent, and unsupervised
contacts, may represent a further complication as the influence of
peer relationshipsmay affect a person’s identity and psychological
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FIGURE 2 | Flow chart of procedural articles shortlisting according to the Preferred Reporting Items for Systematic reviews and Meta-Analyses (PRISMA) guidelines.

well-being (66). As depression and internalizing symptoms have
increased among youths in the last decade (67), it is vital to
question to what extent social media usage is directly linked to
this and to understand how they impact each other.

2.3.1. Effects of Social Media Usage on Depressive

Symptoms
Given that social media provide users with a range of possible
activities, it is possible to identify specific patterns of usage. For
instance, a set of actions such as browsing other users’ photos
or scrolling through comments or news feeds has been labeled
as passive social media use. Recent research indicates that this
sort of behavior and depression are linked in both directions.
Passive social media usage could directly aggravate depressive
symptoms, like loss of interest or blue mood, and thwart personal
well-being (16, 32, 68, 69). High social media use appears to be
predictive of depressive symptoms and low offline social support
from both family and peers (57). It might also act indirectly
through mediators such as reduced sense of belonging (70),
hence increasing levels of loneliness first (43) and, subsequently,
depressive mood and stress (16), which, in turn, reinforce each
other (68).

2.3.2. Effects of Depressive Symptoms on Social

Media Usage
Passive social media use appears to be increased by depressive
symptoms, loneliness, and high levels of stress. In a longitudinal
study, Kross and colleagues have demonstrated that a sense of

loneliness is a predictor for more intense usage of social media
(71), as it might represent a solution to alleviate depressed mood,
reinforcing PSMU (68). Specific kinds of actions on social media,
related to the peculiarity of the site, were found to be associated
with adverse emotional and relational outcomes at different times
and vice versa. With regard to Instagram, Frison and Eggermont
reported that former browsing behavior was related to a later
increase in depressed mood (38). Moreover, levels of depressed
mood at Time 1were associated with increased Instagram posting
at Time 2, without differences between boys and girls (38). As
for Facebook, levels of depressive symptoms at the first stage
can be predictive of a lower number of Facebook friends and
fewer ties between friends in the second stage (52). Another study
based on Facebook data highlights the relationships between
internalizing symptoms and online communication in terms
of received comments offering support in response to posts
indicating negative or depressive emotional states, with girls
receiving more backing compared to boys. Such rumination-like
behavior through social media might affect negatively not only
the mood of the person who posts but also of those who respond,
increasing levels of internalizing symptoms and depression
(72). Depressive symptoms, together with sleep problems, can
represent a positive predictor for excessive involvement in
Facebook-related activities (53). Similarly, emotional dependence
on Facebook has been found to be negatively correlated to
several aspects of adolescents’ psychological well-being, such
as autonomy, purpose in life, positive relationships, personal
growth, self-acceptance, and ability to manage one’s environment
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TABLE 1 | List of the studies included in the review.

n Article Age N Social media Disorder/symptoms Findings ES

1 Szwedo et al. (23) 13/20 89 g, MS Depressive symptoms, social anxiety – (depr); + (s.anx) 0.40–0.60

2 Moreno et al. (24) 18–19 66 g Alcohol use + 0.72

3 Pumper and Moreno (25) 12–14 315 g Alcohol use + 0.15

4 Tiggemann and Slater (26) 13–15 1,087 g, MS Body image concerns + 0.26

5 D’Angelo et al. (27) 18–19 312 g Alcohol use + 0.20

6 Huang et al. (28) 14–15 1,563 g, MS Alcohol and cigarette use ns na

7 Birnbaum et al. (29)) 12–21 80 g, ¡, 7 Psycotic-spectrum and mood disorder na na

8 Nesi and Prinstein (30) 12–16 619 g, ¡ Depressive symptoms + 0.53

9 Bert et al. (31) 18 341 7 Pro-anorexia na na

10 Ehrenreich and Underwood (2016) 18 125 g Internalizing symptoms + 0.58

11 Frison et al. (32) 12–19 1,612 g Depressive symptoms ns 0.58

12 Marczinski et al. (33) 19 146 g Alcohol use + 0.44

13 Moreno et al. (34) 17–19 94 g, 7 Alcohol use + 0.47–0.92

14 Naeemi and Tamam (35) 13–16 401 g Psychological well-being – 0.67

15 Sampasa-Kanyinga and Chaput (36) 11–19 4,468 g, 7, �, � Body image concerns + 0.39

16 Abar et al. (37) 19 252 g Substance use na na

17 Frison and Eggermont (38) 12–19 671 ¡ Depressed mood + 0.42

18 Gul et al. (39) 13–19 289 g ADHD + 0.69

19 Jacob et al. (40) 16–24 21 5 Self-injury + na

20 Nesi et al. (30) 15–16 658 g Alcohol use + 0.43

21 Nesi et al. (30) 13–16 816 g, ¡ Depressive symptoms + 0.85

22 Pontes (41) 10-18 509 g Depressive symptoms, anxiety + 0.62–0.68

23 Spilkova et al. (42) 16 4,887 g, 7, �, � Binge drinking, marjiuana use + (drink); ns (marj) 0.88

24 van Rooij et al. (43) 12–15 3,945 7 Depressive symptoms, social anxiety + 0.45–0.95

25 Weinstein (44) 14–18 507 ¡ Depressive symptoms + 0.68

26 Brown et al. (45) 16 52 ¡ Self-injury, suicidal ideation na na

27 Muzaffar et al. (46) 12–20 102 g Depressive symptoms, social anxiety ns na

28 Niu et al. (47) 12–18 764 QZ Depressive symptoms + 0.44

29 Settanni et al. (48) 15 283 g ADHD symptoms + 0.56

30 Chang et al. (49) 12–16 303 ¡ Body esteem – 0.58

31 de Vries et al. (50) 12–19 440 g Body dissatisfaction + 0.49

32 Louragli et al. (51) 12–19 541 g Anxiety, nomophobia + 0.50–0.98

33 Negriff (52) 13/21 319 g Depressive symptoms - 0.58

34 Przepiorka and Blachnio (53) 12–17 426 g Depressive symptoms + 0.83

35 Raudsepp and Kais (54) 13 397 g, ¡, 7 Depressive symptoms + 0.72

36
Savolainen et al. (55)

15–25 4,816 g, ¡, 7, v Alcohol use + 0.12–0.43

37 Shakir et al. (2019) 12–18 537 g, ¡, 7, , 5 Cyberbullying na na

38 Steers et al. (56) 17–19 316 g alcohol use + 0.69

39 Vannucci and Ohannessian (57) 11-14 1205 g, ¡, 7, , 5 Depressive symptoms, panic disorder

symptoms

+ 0.28-.92

40 Yurdagül et al. (58) 14–19 491 ¡ Depressive symptoms, anxiety, social

anxiety, body dissatisfaction

+ 0.28–0.50

41 Boursier et al. (59) 13–19 693 g, ¡, v, � Body image concerns + 0.36

42 Fardouly et al. (60) 10–12 528 ¡, , v Depressive symptoms, social anxiety,

body satisfaction

+ (depr.); ns

(s.anx); – (body)

0.43–0.82

43 Stockdale and Coyne (61) 17/19 385 g, ¡, 7 Depressive symptoms, anxiety ns (depr.); + (anx) 0.36

44 Brown et al. (62) 16 59 ¡ Self-injury na na

Age, range of age of the participants; N, sample size; ES, effect size;+, directly proportional; –, inversely proportional; ns, non-significant; na, not applicable; g, Facebook;¡, Instagram;

7, Twitter; v, YouTube; , Snapchat; 5, Tumblr; �, Skype; MS, MySpace; QZ, QZone. Icons of social media platforms have been created using the fontawesome package (63).

(35). An addictive attitude toward Facebook was found to be
positively correlated with depression, regardless of age (age range
10–18) and gender (41). Longitudinal research on adolescent girls

found an association between changes in PSMU and changes in
depressive symptoms in both directions, with baseline levels of
depressive symptoms being predictive of PSMU (54).
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2.3.3. Social Comparison and Negative Affect
Social comparison is a mechanism highly involved in the
development of a person’s identity starting from childhood,
where evaluations are more distorted especially in a positive
way, throughout adolescence, when the greater development of
cognitive skills permit the generation of more realistic estimates
(73). Social comparison, as a consequence, can generate both a
positive or a negative self-appraisal, affecting the way people,
especially teenagers, perceive themselves and their quality of
life. Evidence in literature suggests that PSMU and depressive
symptoms might be mediated by social comparisons with others’
lives as they appear on their profiles (44, 47, 66), generating
a sense of inferiority and feelings of worthlessness (74–78). As
a consequence, people showing downward social comparisons
are more likely to seek offline feedback for reassurance (66).
Social comparison is closely linked to self-esteem, which, in turn,
resents of the effect of individual cognitive appraisal, acting as a
moderator in the processing of comparison. As a consequence,
lower levels of self-esteem can represent a risk factor when
making comparisons with others’ lives (47). These results appear
to be more evident in girls, compared to boys, (44, 66)
suggesting that intrinsic features of female identity development
can represent a vulnerability for a more negative self-appraisal,
especially when comparing or evaluating physical features or
attractiveness (49, 54). Moreover, it is possible that online
parasocial relationships may amplify distorted perceptions, due
to the filtered and selective nature of the information shared,
principally when evaluating profiles of users that do not belong
to a close or offline network (44).

2.3.4. Controversial Results in the Association

Between Depressive Symptoms and Social Media

Usage
Amid the research investigating the connection between social
media usage and depressive symptoms, a few studies reported no
evidence linking social media sites and depression. A recent study
investigated the relationships between reasons for Facebook use
and psychological and mental health outcomes for a 3-year
period in late adolescents, aged from 17 to 19 years. According to
their results, none of the possible motivations, which were social
connection, boredom, and information seeking, were correlated
to depression at any stage of the experimental procedure (61).
As for the short-term consequences of negative experiences on
Facebook, online peer victimization is not predictive of increased
depressive symptoms after 6 months (79). In addition, Fardouly
and colleagues did not find differences between users and non-
users of the most popular social media platforms (Youtube,
Instagram, and Snapchat) among Australian preadolescents in
terms of depressive symptoms. Taken together, these results
suggest that low mood derived from social media usage might
be explained through different factors, such as worry about
how youths appear on their preferred social networks sites
and their tendency to compare their own image to someone
else’s image (60). Finally, a longitudinal study by Szwedo and
colleagues investigated the preference for Facebook and/or
MySpace communication in a cohort of adolescents in relation
to depressive symptoms, assessing the sample at the age of

13 (Time 1) and 20 (Time 2). Interestingly, higher depressive
symptoms at Time 1 predicted a preference for communication
via social media, but at Time 2, higher depressive symptoms
were predictive of lesser online disclosure (23). This change in
direction might be explained by the different ways, especially
social withdrawal, through which depression is manifested in
early adolescence and early adulthood. With regard to psychotic
and non-psychotic mood disorders, social platforms such as
Facebook and Twitter represent an initial avenue to seek help
by diagnosed youths (29) and a potential base to examine
depressive symptoms and perceived social support from online
friends (80).

2.4. Anxiety Disorders
Symptoms relating to anxiety often overlap with depression,
especially in youths; just like depression, anxious manifestations
may result from a set of internal and external circumstances.
In social media, where the relational component is strong,
anxiety can derive from a perception of being connected
inappropriately, from negative online peer-comparison, or from
reduced emotion-regulation abilities, as online interaction can be
used as a surrogate for offline physical interaction (81). Targeted
Facebook features, such as seeking online approval and support
through the number of "likes," or only retaining the visibility
of posts and pictures that received lots of positive feedback
on one’s profile, can promote or elicit non-adaptive behaviors
(i.e., excessive social comparison and rumination) and increase
anxiety-related traits, such as socially prescribed perfectionism,
aggravating pre-existing symptoms in youths diagnosed with an
anxiety disorder (82). Facebook can also be used by teenagers
as a pastime when feeling bored: a 3-year study found that
usage of Facebook in order to alleviate boredom at stage 1
(17 years old) was correlated with increased levels of anxiety
at a following stage (19 years old), indicating that the anxiety
might be a secondary product of the problematic use of social
media developed over the two time-points (61). This could reflect
the fact that a 3-year window frame can encompass different
stages of a teenager’s life, especially when approaching emerging
adulthood. As the high school period is over, fewer amounts
of structured time, coupled with less monitoring behavior by
parents and teachers and greater accessibility to smartphones or
other electronic devices, can result in an increase in problematic
usage of social media and, as a consequence, underlying anxiety-
related mechanisms (61). The type and the reiteration of a set
of behaviors that Facebook users could engage in (e.g., posting
a photo/comment/status update, “liking" behavior, or using the
instant message) can be linked with levels of general anxiety.
This might be explained by the need to keep worries related to
that driving the person to frequently check a previous posting
behavior (46). With regards to Instagram, which is more focused
on visual contents, one study reported a direct association
between Instagram usage with general anxiety in boys, while
in girls this link was mediated by body image dissatisfaction,
leading to different adverse outcomes in the two groups (58).
This difference between genders suggests that females might be
more prone to engage in social comparison, especially when
it involves physical appearance. This might be because their
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perception of their ideal body image as being thin is affected by
their excessive exposure to attractive celebrity and peer images on
Instagram. Moreover, it underlines once again the importance of
considering the possible concurrent mechanisms that contribute
to the development of psychological issues.

2.4.1. Online Social Anxiety
Social anxiety is described by the enduring preoccupation of
being judged negatively by others during a social performance
or social circumstances (65). The worry of receiving unfavorable
feedback is even stronger during adolescence, when the identity
of the self is developing. Online activity on social media can
be very attractive, especially for young people with such fears,
as it is possible to share information or content in a more
controllable environment. Although this allows people with
social anxiety issues to overcome, even partially, the fear of being
exposed to public judgment, it can lead to the development
of a problematic usage of social media platforms. With regard
to Facebook, a longitudinal study by Szwedo and colleagues
found that at 13 years of age (Time 1), social anxiety does
not explain preference for virtual communications, and at 20
years of age (Time 2), it was positively correlated with a
predilection for online relations, especially for those expressing
increased levels of maternal behavior undermining autonomy
at Time 1 (23). Levels of social anxiety in social media young
users have been shown to be positively correlated with online
behavioral dimensions such as the attitude of comparing one’s
appearance with other people’s pictures on YouTube, Instagram,
and Snapchat (60). As a consequence, the approach toward
social media can be conflicting: the person desires at the same
time to be recognized as interesting and “liked,” but would
also like to avoid being judged negatively or ridiculed. The
awareness of these mechanisms might intensify pre-existing
symptoms of social anxiety, leading to non-adaptive patterns of
behavior (82).

2.4.2. Fear of Missing Out and Nomophobia: The

Urge to Be Constantly Online
The more people share their lives on their online profiles, the
more they are at risk of being afraid of missing updates and
feeling the urge to check their profiles for feedback (16, 83).
This specific phenomenon has been labeled “fear of missing
out" (FoMO), defining the pervasive anxiety experienced by
a user when thinking that other people might be enjoying
gratifying experiences in their physical absence, pushing him/her
to be connected constantly to check upon updates about these
experiences, hence fostering the addictive behavior circuit (16,
84–86). FoMO has been shown to be associated with the severity
of Facebook usage through a process that is likely to be activated
by users as a way to temporarily compensate or regulate negative
affect and anxious manifestations (87). Specific social needs may
underlie FoMO and reasons for social media usage, like the desire
to be popular, or at least not unpopular in the eyes of peers and
the need for social affiliation, especially during adolescence when
peers acquire greater value compared to the family (88). To this
purpose, online interaction can represent a constantly available
means of gratification but, at the same time, an attractive risk as

it might trigger addictive behaviors and aggravate symptoms of
anxiety. This combination of behavioral and cognitive patterns,
in the context of social media usage, appears to be mediated by
nomophobia, which is described as the fear of not being able
to use the mobile phone. Evidence in literature reports a direct
association among levels of anxiety, addictive behavior toward
social media (41) and nomophobia, with a negative impact on
academic performances (51).

2.5. Feeding, Eating Disorders, and Body
Dissatisfaction
Adolescence is a temporal frame during which physical changes
and identity development occur, and teenagers acquire a greater
awareness of the body, both their own and those of their
peers (49). Posting pictures on social media is one of the most
common practices among young people, especially self-photos
(commonly known as “selfies”) (89). Exposing and being exposed
massively to pictures of body might lead to negative outcomes,
such as body image dissatisfaction, defined as “the discrepancy
between identification of one’s own figure (actual) and the figure
chosen as the desirable self-image” (90), or alterations in nutrition
habits, to the extent of the development of EDs. With regard to
Instagram, body image dissatisfaction mediates the relationship
between PSMU and internalizing symptoms differently in males
and females, with the latter showing a stronger indirect effect
(58). Evidence from a study involving Singaporean girls showed
that selfie practice on Instagram (browsing and editing) and
body esteem are mediated by appearance comparison operated
by peers’ groups with a negative association, while posting
self photos and body esteem are directly correlated (49). With
regard to Facebook, Tiggemann and colleagues investigated
social media exposure and body image concerns in girls, finding
that time spent on the online platform was strongly correlated
to body surveillance and the ideal of a thin body shape (26).
An analysis of a Canadian sample of teenagers highlights that
more frequent and prolonged usage of social media services is
associated with body dissatisfaction, with a trend to perceive
oneself overweight in both boys and girls (36). Recent findings
from a study by Fardouly and colleagues indicate that more
frequent appearance comparisons with others on social media
and considering them to be more attractive than oneself is
negatively correlated with body image satisfaction and positively
linked with eating-related disorders in both male and female
teenagers (60). Evidence from a sample of Italian adolescents
highlights the role played by appearance control beliefs and
body image control in photos, as these dimensions could be
configured as predictors of problematic usage of social media
and negative mental health outcomes (59). Overall, the findings
indicate a higher vulnerability for girls to develop a negative
image of their own body. This risk can be compounded
by misleading and harmful content that can be found on
social media.

2.5.1. Presentation of Eating Disorders on Social

Media Platforms
In recent years, groups supporting anorexia nervosa in several
ways (endorsement and promotion of dysfunctional eating
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behavior, maintenance of the disorder, and interference with
recovery) have been spreading across social media platforms. The
dynamics of the Proana Movement, which promotes behaviors
relating to anorexia nervosa, have been examined using Twitter,
finding that adhering people and/or promoters were almost
totally teenage girls (31). In the midst of the factors mediating
the risk to develop body dissatisfaction or EDs, one study
focused on teenagers’ offline social environment, finding that a
positive mother-adolescent relationship can exert a protective
function against the adverse effects of social media usage on body
perception (50). An alarming factor is determined by the support
of pro-EDs in online networks. As popular platforms started
blocking pro-ED related terms, users supporting dangerous
eating habits have begun altering the hashtags, bringing forward
their approval toward endangering conducts. On the other
hand, it is not unusual that people rehabilitating from an ED
seek support during their journey to recovery by sharing their
testimony through textual posts or visual media (i.e., pictures,
video, and gif). This dual nature of online communication
represents a great challenge for research, as the analysis focused
uniquely on hashtags may be misleading (91). Moreover, people
supporting ED behaviors often alter the terms in hashtags or post
them in comments in order to overcome social media censorship
policy, with a possible risk to expose more fragile or sensitive
people to explicit content.

2.6. Alcohol Use/Abuse and Addiction
Adolescence is the stage of life where people gain more
independence and make new experiences in their social
environment, where peer influence might encourage and provide
opportunities to come into contact with alcohol, potentially
leading to the development of an addictive behavior toward
the substance. As the social environment is now composed
of two realities, online and offline, it is crucial to understand
the contribution of social media in fostering, maintaining, or
conveying contents related to substances. Studies on drinking
behavior among teenagers and social media use highlight that
online platforms like Facebook might represent a helpful tool to
detect problematic alcohol use (25, 33, 34, 92, 93), or advertise
for healthy behavior in settings such as popular alcohol-related
events and parties (24). A higher number of alcohol-related
posts has been shown to be linked to greater drinking conduct
and approval from friends, although heavier consumers seem
to tend to post less over time compared to light drinkers (56).
A longitudinal study revealed that in the Facebook profiles
of individuals identified as dependent alcohol users, alcohol
references increased and half of those identified referenced
intoxication or problematic drinking after 1 year (25), while
another longitudinal study indicated that alcohol references at
a first stage can predict binge drinking later in time (27). With
regard to alcohol-related attitudes, binge drinkers appear to be
more prone to use social media excessively (42). Moreover, posts
containing references to alcohol predict the number of weekly
substance consumption (93), the risk of developing an addiction,
and alcohol cravings (92). In order to predict drinking conduct,
Marczinski and colleagues have developed the Alcohol-Related
Facebook Activity (ARFA) questionnaire (33) based on a sample

of college students. The preference for the virtual environment as
a platform to share alcohol-related experiences has been studied
by Moreno and colleagues, who report that students owning a
profile on both Facebook and Twitter tended to postmore alcohol
references on Facebook compared to Twitter (34), as they were
entertaining more social connections on the former site. Online
social networks often include connections with offline friends;
therefore, the exposure to a friend’s drinking pictures or posts can
be associated with higher alcohol consumption (28, 30). Risky
alcohol behavior can differ according to the country; a cross-
cultural study examined the relationship between daily usage
of popular social media platforms and alcohol consumption
among youths in the United States, Spain, Finland, and South
Korea. In the targeted countries, the different platforms were
correlated with greater hazardous alcohol usage as follows:
Facebook and Instagram in Spain, Finland, and South Korea,
YouTube in South Korea, and Twitter in Spain (55). These
results suggest that specific social media sites might play an
attractive or inspiring role in risky alcohol consumption but,
on the other hand, they could also turn out to contribute
greatly to online-based interventions. According to a study on
nicotine, alcohol, and marijuana consumption in high school,
being friends on Facebook with one’s own parents and not hiding
contents can represent a protective factor against substance use
(37). Parental inclusion on social media interactions, without
undermining autonomy and privacy of youths, can depict
an important element in substance use prevention targeted
toward youths.

2.7. Self-Harm and Suicidal Ideation
Amid the psychological issues potentially occurring in young
people, self-harm is a primary concern, with harmful behaviors
lying on a continuum between non-suicidal self-injury (NSSI)
and suicidal intention (40). Social media can influence self-injury
tendencies negatively, through fostering conducts, contagion, or
competitions (94), but they can also represent the first foothold
when support is needed. A study based on the analysis of
MySpace profiles indicates that teenagers utilize personal virtual
space to share their suicidal ideation and behaviors directly or
by reporting desperation, hopelessness, and despair (95). From
the interviews with adolescents recently collected by Jacob and
colleagues about self-harm behaviors, it emerges that Tumblr
is the preferred platform to share self-injuring content, like
pictures, in an anonymous way, with the consequent risk to
normalize such harmful behaviors (40). Looking into the motives
that push young people to share self-injury related content such
as their own wounds on Instagram, there are mostly social
purposes, like the need to belong to a group where the person
can feel understood (62). Another reason might be the need to
self-disclose in an environment that can guarantee anonymity.
These reasons are reported to be valid both for the first NSSI
post and for the general NSSI ones. Beyond self-orientedmotives,
another aim is to raise awareness about the topic in order to
help other people (62). Although results concerning Instagram
do not report any risk for acute suicidality (96), photos of self-
injury practices might play a reinforcement role as they are
often posted (45) and frequently concealed behind ambiguous
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hashtags (97). In fact, as users often resort to the use of hashtags
to track the shared contents and to find images or discussions
related to specific topics, those regarding self-harming behaviors
can contain non-related words (i.e., “blithe” for self-cutting
pictures) or be constantly changed, in order to make them easily
accessible only to a restricted community (98). Social media-
related suicidal behavior is a topic of increasing interest and
critical importance that has garnered the attention of newspapers
and newscasts all over the world, concerning popular and
unpopular people (see Channel News Asia for a recent episode).
Although researchers attempted to study the extent of social
media on suicidal behaviors in-depth, complexities derive from
legal and privacy issues, as well as from the indirect association
between the usage on web-based platforms and the suicide
itself (99).

2.8. Cyberbullying
Suicidal ideation can also derive from the non-adaptive usage of
online communication by others, as in the case of cyberbullying.
Cyberbullying can be defined as the intentional use of
information and communication technologies such as electronic
mail, smartphone, short message services, and social media
platforms, carried out repeatedly by a group or an individual,
to support deliberate, repeated, and hostile behaviors against
a victim who cannot easily defend him- or herself (100, 101).
Cyberbullying constitutes a possible worrisome phenomenon,
given its devastating, occasionally even fatal, consequences on
a person’s life. Recent statistics point out that cyberbullying
is prevalent on platforms based on visual content, such as
Instagram (42%), Facebook (37%), and Snapchat (31%) (see the
article by Petrov C. on statistics about cyberbullying, February 28,
2019). As the contents are shared and spread quickly online, the
victim can experience, besides a lack of control, a series of highly
negative psychological consequences, such as social anxiety
(102), depression, and suicidal ideation and attempt, especially
when bullying behavior perpetuates across time (103, 104). An
investigation on social media usage and youths’ mental health
revealed that cyberbullying appears to mediate this relation
occurring in a set of negative outcomes, such as sleep problems
and anxiety, more than the frequency of exposure to social
media itself, with girls being more exposed to these effects (10).
However, social media started adding certain features including
the ability to report inappropriate content, comments, and to
block users in order to stem violent and inappropriate behaviors.

2.8.1. Safety Measures Adopted by Social Media

Sites
Initially, the different platforms did not take responsibility for
single users’ online behaviors. However, the growing prevalence
of cyberbullying in recent years has gained increased relevance,
resulting in the implementation of several measures aimed at
both children and parents. For instance, in 2013, Facebook
launched a safety section on its site, providing information
on policies, tools to increase profile protection, and relevant
resources and contacts to access in the case of cyber abuse (see
Facebook Safety page). Likewise, in 2015, Twitter activated a
safety center for parents and teens with guidelines for a more

secure navigation and utilization of the site. Furthermore, they
founded the Twitter Trust and Safety Council that works in
partnership with several institutions and organizations in order
to direct users to the appropriate service in case of abuse (see
Twitter Safety Partner). With regard to Instagram, which has
been owned by Facebook since 2012, the platform presents
the community guidelines and another section where parents
can find more information about the accessibility and visibility
of their children by other users. Moreover, an online form
is available for reporting self-injury material, hate comments,
abusive or inappropriate content, and profiles belonging to
teens younger than 13 years old, which is the requirement
to own a profile (see Instagram Privacy and Safety Center
page). The same subscription criteria are applied to YouTube,
although videos posted by other users are accessible even without
owning a profile. Because of this, it is possible for parents
to set restrictions in order to avoid potentially dangerous or
improper material. In addition, together with the site policies,
informative material about harmful behaviors such as self-injury,
suicide, harassment, and cyberbullying is provided (see YouTube
Community Guidelines). So far, statistics about the efficacy
of these safety measures have not being available. Generally,
targeted services for prevention have been made known on the
most popular online platforms by providing users with links to
websites, hotlines, and information about how to detect warning
signs of suicide.Web communities focused on suicide prevention
have been founded, giving their members the opportunity to
share their own direct or indirect experience in an anonymous
way and to support each other, without the constraints of physical
boundaries (99).

2.9. Neurodevelopmental Disorders
Neurodevelopmental disorders are characterized by altered
functioning of the neurological system and brain, affecting
cognitive functions and social behavior. Although social media
interfere with offline interaction by reducing the investment of
time and resources in them while offering a more immediate
alternative to satisfy social needs, they can also simplify the
engagement in social contacts. This feature might be suitable,
for instance, for youths with autism spectrum disorders, as they
can have difficulties in decoding complex social information
(105, 106). As adolescence is a crucial developmental stage
where interactions with peers occur both online and offline, it
is of pivotal relevance to understand the impact of social media
platforms on teenagers with neurodevelopmental disorders.With
regard to ASD, evidence shows a positive association between
Facebook usage and friendship quality, moderated by anxiety
levels, suggesting that online platforms might act as a means
to improve friendship quality (105). For this purpose, Gwynette
and colleagues explored Facebook’s therapeutic potential as a
tool to improve social skills in adolescents with ASD. Their
web-based intervention, according to the authors, could have
the potential to facilitate interventions, leading to higher
engagement with peers through the virtual environment (106).
In the context of neurodevelopmental disorders, Asperger
syndrome is characterized by significant difficulties in social
interaction and non-verbal communication; as a consequence,
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they could be more vulnerable to cyberbullying victimization
on online applications. Findings in the literature suggest
that, although adolescents with Asperger syndrome use social
media less than their peers, the percentage and frequency of
cyberbullying are similar (107). Another neurodevelopmental
condition is attention-deficit/hyperactivity disorder (ADHD),
which is defined by persistent inattention, hyperactivity, and
sometimes impulsivity. These features, combined with online-
based platforms, might lead to addictive social media behaviors,
with further consequences on mental health, productivity, and
academic scores (48). Studies analyzing the correlation between
ADHD traits and social media found that a large number of
adolescents with ADHD own more than one Facebook account,
showed greater overuse compared to their counterparts (39),
and ADHD symptoms are positively associated with Facebook
addictive use (48). Furthermore, teenagers with more marked
ADHD traits were more likely to develop problematic usage of
Internet-based services and less likely to remit from problematic
Internet usage (108).

3. GENE-BY-ENVIRONMENT
CONTRIBUTION TO UNDERSTAND
BEHAVIOR ON SOCIAL MEDIA

The hypothesis that genetic features influence behavior and
social interactions has been corroborated in several studies [for
a review, see (109)], and so is the notion that human behavior
and psychological traits aremodulated by the interaction between
genetic variation and environmental factors (21). Due to the
intrinsic interactional nature of social media platforms, it is
important to deepen the exploration of concurrent factors
that could explain underlying mechanisms related to online
interaction adopting integrated methodologies widely used
for offline social behavior, that is, the gene-by-environment
interaction framework. Few studies report results about genetic
contribution in Internet-related usage. Two studies on Turkish
twins on communication and social media reported that
genetic and environmental effects were equally influential on
problematic Internet usage especially in male twin-pairs (110).
Another twin study highlighted the impact of genetics on mobile
phone use (111). These results have been corroborated by a
more recent investigation by York, who focused specifically
on social media use (e.g., contact friends and contact family)
even after controlling for demographic factors (112). A recent
study by Deryakulu and Ursavaş examines the extent to which
nomophobia can be explained by genetic and environmental
factors, revealing that the dimensions which were more
explained by genes were “losing connectedness” and “giving up
convenience,” while environmental factors were more related
to the fear of “not being able to communicate” and “not
being able to access” (113). Familiar context represents a factor
of great interest in shaping social behavior, especially at the
developmental stage, and perception of parental warmth or
intrusiveness can influence social media usage in adolescents.
With regard to the genetic contribution within the frame of

recalled parental bonding, a recent exploration found that people
who are genetically more sensitive to environmental factors,
represented by oxytocin receptor polymorphisms, with a history
of perceived high maternal overprotection tend to show a
higher social desirability index on Instagram (114). This index,
which describes the ratio between the number of following and
followed profiles, could be used for future studies to unveil some
tendencies underlying user behavior on Instagram.

4. SOCIAL MEDIA USAGE AND NEURAL
MECHANISMS

Evidence deriving from the neuroscientific field reveals a
link between online social behaviors and regulation of neural
mechanisms. A functional magnetic resonance imaging (fMRI)
study conducted by Meshi and colleagues reports that social
media engagement is linked to activity in the ventral striatum
(vSTR) and adjoining structures of the nucleus accumbens (115).
More precisely, the authors found an association between levels
of activation of these areas and in response to social feedback
identified that were relevant to participants’ social reputation
(a surrogate for “likes” on Facebook). Another study describes
greater recruitment of the vSTR in relation to more popular
shared pictures compared to less socially endorsed ones (116).
As for structural evidence on gray matter volume and social
media habits, the striatal region was found to be linked to
daily smartphone checking (117) and heavy social media usage
(118). Recent evidence also suggests the involvement of the
right lateral orbitofrontal cortex, linking a decreased volume in
that area with an excessive usage of social media sites (119).
With regard to impulse control, reduced gray matter volume
in the anterior cingulate cortex was found in people with high
tendencies in developing an addictive attitude toward instant
messaging services (120) and “multitasking" users, suggesting
that social media usage is highly involved in the control of
inhibitory mechanisms (121). Another relevant study by Moisala
and colleagues on media multitasking showed increased activity
in the right side of the prefrontal cortex while participants were
subjected to a cognitive task; this result was explained by the
authors as a reflection of mental struggle in recruiting resources
in executive control (122). With regard to social cognition in
adolescence, fMRI studies found that online rejection by peers or
other users elicits an increased activity in the medial prefrontal
cortex, which is strongly associated with offline rejection (20),
and elicits neural responses in the dorsal anterior cingulate
cortex, the subgenual anterior cingulate cortex, and the anterior
insula, which are areas generally linked to “social pain” (20, 123)
and depression (124). The immediate and long-term effects of
frequent and prolonged social media usage on neural structures
and activity have yet to be elucidated.

5. CONCLUSION

In just one decade, individuals’ lives and their social behavior
have been tremendously changed by the phenomenon of social
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media. Emerging technologies and platforms provide users with
a wide range of activities, leisure, and the possibility to interact
with friends, families, or strangers. Although different patterns of
usage are moderated by a set of individual features concerning
genetic, environment, temperament, and personal needs, it is
undeniable that online social media have become an integrated
part of people’s daily lives. This leads to the necessity, in
research fields linked to human behavior, to understand if,
how, and to what extent these platforms are modifying our
brain mechanisms, interactions, and the concept of well-being.
During developmental stages, such as adolescence and early
adulthood, several changes occur not only with regard to neural
functions but also in social patterns, as young people have
increasing opportunity to test themselves as individuals in more
autonomous social interactions. As for social media, the most
popular platforms require users to be at least 13 years old to
own a profile and have access to the services. Although this limit
is easily bypassed, it is difficult to have a clear overview of the
sociodemographic information of young users and of different
patterns of usage or effects of social media in early adolescence
(10–14), middle adolescence (15–17), and young adulthood (18–
21), as the early adolescence population should not be able to
access and be engaged in virtual interactions on such platforms.
This issue rebounds in a lack of studies considering this
distinction, representing a further challenge to future research.
Lots of efforts have been invested in creating new tools for
assessing people’s attitudes toward social media usage, such as
the creation and validation of new scales (84, 125–129) and to
interpret results within a fitting theoretical frame. Social media
provide unprecedented opportunities to trace online activity
and to keep track of interaction dynamics at different stages.
This allows researchers to overcome issues related to self-report
questionnaires and to benefit from leveraging real-time data
over time more easily. Specifically, the increasing utilization of
hashtags might help in detecting and monitoring targeted topics
or risky behaviors, despite the risk of misappropriate use of words
(for instance, sometimes people refer to “anxiety" or “depression"
when perceiving alterations in preoccupation or mood but with
these not being of clinical interest or diagnosed. For sure,
the use of hashtags is a powerful tool to build communities
and support people’s journey to recover, to witness, to join a
cause, or to increase awareness around a specific topic related
to mental health. As the number of social media applications
increases, with each having its own specific features, there is
a need to separate problematic behaviors or effects according
to the platforms. In fact, since the advent of social networks
sites, multiple platforms have succeeded one another, gaining
immediate popularity. Some of them are not used anymore, such
as Google+, or had a drastic loss of users, like MySpace. Lately,
a new social network site named TikTok, formerly known as
Musical.ly, has risen especially among the youth, changing to
some extent the way social media are used. From the simple
sharing of text, music, or pictures, social media has rapidly
evolved, becoming more dynamic and providing the possibility
to get immediate and abundant feedback, to join wide online

communities based on common interests, and to involve users’
talents or attitudes with so-called “challenges." Although TikTok
had gained terrific popularity in the course of the last year,
no studies regarding the potential outcomes deriving from a
problematic usage are available. As social media sites are quickly
developing, research appears to struggle in keeping pace with
not only the new online functionalities but also with ways of
interactions among users that, in turn, might alter parameters
in longitudinal studies, like the amount of time spent online.
This is partially due to the fact that effects can be explored
in terms of both a short and long term, each with different
consequences. Moreover, the social media platforms resent of
the users’ preferences and mass tendencies, and what is new
and trendy today might swiftly lose people’s interest (130).
Since keeping track of how communication technologies evolve
across the years can be a precious resource on developmental
trajectories, it becomes of great importance for researchers to
build and rely on constantly updated evidence. The creation
and rise of new technologies has resulted in new behaviors and,
consequently, new names for these behaviors. Neologisms like
“nomophobia,” “selfie,” “phubbing,” “FoMO,” and “vaguebooking”
have appeared for some years, defining specific behaviors or
state of minds, that need further analysis, as they represent new,
unexplored facets of human behavior. Research in psychological
fields would also benefit from the exploration of specific types
of interaction, such as the creation of multiple accounts, the
fruition of live streaming video services, and behaviors like un-
tagging people from posts or pictures or unfollowing/unfriending
people in order to better understand the effects of mechanisms
related to virtual social inclusion or exclusion. Although social
media allows for greater ease of recruitment and testing of
a greater number of participants in more efficient ways—
sometimes comparable to laboratory testing sessions (131)—a
lack of knowledge still persists regarding the involvement of
specific brain regions or genetic susceptibility in developing
a certain social media-related disorder. In addition, only a
few studies adopted a longitudinal design, while most of the
evidence is still based on a cross-sectional methodology that does
not fully allow researchers to study in detail the direction of
the association between social media usage and psychological
well-being. Furthermore, the mental health community should
commit to find a solution in considering social media-related
issues as being separate from other forms of problematic online
behaviors or usage. As there is no separated diagnosis, social
media concerns are often included or subsumed within the
Internet addiction frame, leading to an incorrect framing of the
problem, especially with regard to the social connotation that
primarily describes and defines these kinds of services. New
evidence in these fields would be of great support for practitioners
in a twofold way: on the one hand, information shared on
social media sites and patterns of usage of new technologies
could be implemented in clinical work for both a more complete
assessment, and, on the other hand, it would be possible to
profile more user-based interventions merging both online and
offline strategies.
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