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Social cognitive function, involved in the perception, processing, and interpretation of social information, has been shown to be
crucial for successful communication and interpersonal relationships, thereby significantly impacting mental health, well-being,
and quality of life. In this regard, assessment of social cognition, mainly focusing on four key domains, such as theory of mind
(ToM), emotional empathy, and social perception and behavior, has been increasingly evaluated in clinical settings, given the
potential implications of impairments of these skills for therapeutic decision-making. With regard to neurodegenerative
diseases (NDs), most disorders, characterized by variable disease phenotypes and progression, although similar for the
unfavorable prognosis, are associated to impairments of social cognitive function, with consequent negative effects on patients’
management. Specifically, in some NDs these deficits may represent core diagnostic criteria, such as for behavioral variant
frontotemporal dementia (bvFTD), or may emerge during the disease course as critical aspects, such as for Parkinson’s and
Alzheimer’s diseases. On this background, we aimed to revise the most updated evidence on the neurobiological hypotheses
derived from network-based approaches, clinical manifestations, and assessment tools of social cognitive dysfunctions in NDs,
also prospecting potential benefits on patients’ well-being, quality of life, and outcome derived from potential therapeutic
perspectives of these deficits.

1. Introduction

Social cognition refers to a wide range of cognitive capacities
elicited by, about, and directed towards other people [1]. In
particular, these skills allow humans to both understand
themselves and interact with and understand others, engaging
in appropriate goal-directed behaviors [1]. Given that social
cognition may play a prominent role in clinical care of most
psychiatric and neurological illnesses [2], including neurode-
generative conditions, an emerging literature addresses the

study of the neurobiological processes underlying social
interactions and the behavioral correlates of the breakdown
of these processes. In particular, growing evidence suggests
that neurodegenerative diseases (NDs) are associated with
some level of social cognitive impairment that has the poten-
tial to disrupt interpersonal relationships, thereby eliminating
the benefits that social interactions may have for patients with
other neurocognitive impairments. However, the frequency,
extent, and clinical correlates of these abnormalities are not
fully established.
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This review aims to summarize some of the basic compo-
nents of social cognition, also referring recent hypotheses
derived from network-based approaches, and to discuss clin-
ical manifestations of social cognitive dysfunctions in most
NDs, addressing the pertinent literature published in the last
10 years.

1.1. Social Cognition, Social Behavior, and Social Functioning.
The term “social” implies that the processing demands are
related to specific classes of stimuli, such as emotional
expressions on a face, in the voice, or from body posture, also
including higher-order functions, such as making inferences
about other people’s mental states (e.g., theory of mind
(ToM)), making moral decisions, regulating emotions and
feelings, and experiencing and expressing empathy [1, 3, 4].
Moreover, at the outset, it is useful to clarify the significance
of social behavior, cognition, and functioning, which are sub-
stantially related to one another.

“Social cognition” refers to any cognitive processing (e.g.,
perception, reasoning, memory, attention, motivation, and
decision-making) that appears to be relatively specialized
for the social domain. It causes “social behavior” that com-
prises the readily observable interactions between an individ-
ual and other people, while “social functioning” is broader
than social behavior in that it consists in the long-term and
contextualized ability of an individual to interact with others
(i.e., social behavior when integrated over time and context)
[5]. Finally, the “social brain” historically refers to a number
of brain structures, some of which, when damaged, may be
involved in the impairment of social cognition and behavior
(i.e., ventromedial and dorsomedial prefrontal cortex, tem-
poroparietal junction and superior temporal cortex, insula,
and fusiform gyrus) [3], while others have been found acti-
vated in healthy brains when people perform social tasks in
a magnetic resonance scanner by using functional magnetic
resonance imaging (fMRI) [1, 3, 6]. Furthermore, consider-
ing that no social process can be attributed to a single struc-
ture alone, the recent network-based approach to brain
function, principally related to the growing implementation
of resting state fMRI (rs-fMRI) studies, allowed the identifi-
cation of a distributed network supporting social function,
which included regions from the original social brain [1, 6, 7].

1.2. Network-Based Approach to Social Cognition. A core
social cognition network is centered on the amygdala which
has been proven to play a pivotal role in emotion processing,
from triggering emotional responses to detecting socially
salient stimuli and performing social affiliative behaviors
[4, 8, 9], and to be connected to multiple brain regions
involved in emotion circuits [10, 11]. Abnormalities within
this network, comprising most components of the social
brain (i.e., medial prefrontal cortex, orbitofrontal cortex
(OFC), anterior cingulate cortex, temporoparietal junction,
inferior frontal gyrus, and superior temporal sulcus), have
been revealed in patients affected by schizophrenia [12, 13],
frontotemporal lobar degeneration (FTLD) [14, 15], and
autism spectrum disorder [16-18]. In particular, activation
in the OFC and ventromedial prefrontal cortex has been
shown to be not essential for affective responses, but critical

for the attribution of meaning to an affective stimulus [19],
while activation in the lateral part of the prefrontal region
has been found to be associated with a feeling of displeasure
and inhibits behavior [20]. Therefore, alterations in these
areas may lead to inappropriate social behaviors [21, 22].

A second network involved in social cognition is the so-
called “mentalizing” network, which includes the right tem-
poroparietal junction as a key region [23], found to be acti-
vated when a subject spontaneously tracks others’ mental
states [24, 25] and when mentalizing is required as part of
another judgment, such as in the case of moral judgments
[26] or even when a subject observes a scenario in which a
protagonist holds a false belief [27, 28, 29]. In this regard,
while ToM refers to the cognitive ability to infer and reason
about our own and other people’s beliefs, intentions, or emo-
tions, empathy consists in a basic perceptual capacity of
understanding others’ feelings and subjective psychological
states [30], motivating prosocial behaviors [31]. The empathy
network, the third circuit implicated in social cognition,
includes cingulo-insular structures [32] and has been shown
to be impaired in several neuropsychiatric conditions [33, 34].
Finally, of interest for social interactions is also the so-called
“mirror neuron system”, mainly involving the inferior fron-
tal gyrus, the inferior parietal lobule, the fusiform face area,
and the superior temporal sulcus [35, 36], activated during
the observation of the actions of others, including emotion
recognition [37, 38], and, therefore, typically impaired in
autism [39-41].

1.3. Clinical Assessment of Social Cognition. From a clinical
point of view, failures of social cognition, most often char-
acterized by impairment of one or more of the four net-
works cited above, have been assessed using more specific
tools useful to investigate the four different domains. Evi-
dence underlined the need for introducing validated tasks
of social cognition in the assessment of patients with neu-
rodegenerative diseases [42-44]. In particular, some neuro-
logical disorders, characterized by the neurodegeneration
of frontomedian areas, such as the behavioral variant fron-
totemporal dementia (bvFTD), need more specific neuro-
psychological testing of social cognition for assessing
frontomedian cortex functions, in contrast to the well-
known sensitivity of executive tests mainly for the fronto-
lateral cortex [45].

With regard to social cognitive measures designed to
detect abnormal social behaviors, a range of informant-
rated measures (i.e., patients’ self-report data might be dis-
torted because of the lack of emotional insight), such as
those derived from the Frontal Systems Behavior Scale
(FrSBe) [46] and Frontal Behavioral Inventory (FBI) [47],
both exploring changes in personality and behavior that
are associated with frontoexecutive dysfunction, and from
Socioemotional Dysfunction Scale (SDS) [48], Social Inap-
propriateness Scale [49], and Social Impairment Rating Scale
(SIRS) [50], focused on the detection of interpersonal phe-
nomena and social impairment.

With regard to assessing ToM abilities, several tools allow
exploring a patient’s ability to infer what others are thinking
and feeling, and to reason about how their thoughts and
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feelings will influence their behavior. False-belief tasks [51]
are extensively validated measures of ToM that assess the
ability to disregard one’s own knowledge about the world
and consider that someone else might have a different, erro-
neous belief.

Measures that assess social inference, such as the ability
to detect sarcasm, also provide insight into the potential dif-
ficulties related to social interaction, such as The Awareness
of Social Inference Test (TASIT) [52] that allows the detec-
tion of sincerity. ToM alterations can also be assessed with
the Strange Stories test [53], in which patients are asked to
demonstrate their understanding of stories in which charac-
ters’ behavior can be best understood by attributing to him/
her a specific underlying mental state. The Faux-Pas Test
[54] also involves a series of written stories, but patients are
asked to detect the faux pas and to understand beliefs, inten-
tions, and inappropriateness. Finally, the Reading the Mind
in the Eyes Test (RMET) [55] explores the ability to make
inferences on the basis of observable features, such as facial
expression and eye gaze, asking participants to infer the men-
tal state of a person on the basis of a photograph of their eyes
and the surrounding area.

To provide potential insights into empathic distur-
bances, valuable information may be derived from self-
rated and informant-rated measures of affective empathy,
such as the Empathic Concern subscale of the Interpersonal
Reactivity Inventory (IRI-EC) [56], which investigates the
feelings of warmth, compassion, and concern for others;
the Perspective-Taking subscale of the IRI (IRI-PT), which
allows distinguishing between affective abnormalities that
reflect a lack of caring and those that reflect a lack of under-
standing; and the Empathy Quotient (EQ) [57], which mea-
sures the ability of understanding and predicting other
people’s affective and cognitive empathy and the nature of
any emotional response to other people. Finally, among
emotion-relevant performance tasks, which consist in evalu-
ating emotional response to viewing photographs or videos,
the Multifaceted Empathy Test (MET) [58] allows differenti-
ating between mental state understanding (cognitive empa-
thy) and subjective emotional response (affective empathy).

Deficits of social perception may be manifested as a def-
icit in identifying others’ emotions, and this dysfunction
may be assessed through the presentation of static photo-
graphs of high-intensity facial expressions. In this regard,
the most commonly used task is the Ekman Faces, the
one for assessing emotion labelling and discrimination
[59]: participants are asked to identify which emotion is
shown by a picture of a face and whether two faces show
the same or different emotions. Moreover, to evaluate the
intensity of a facial expression, the “Facial Expressions of
Emotion: Stimuli and Tests” includes images that vary in
their emotional intensity, enabling clinicians to create tasks
that are graded in difficulty. The breadth and specificity of
difficulties in recognizing emotions can be assessed with
batteries of tests, such as the Comprehensive Affect Testing
System [60] and the Florida Affect Battery [61], which use
not only visual stimuli, but also auditory. Both of these bat-
teries incorporate multiple subtasks that assess the ability to
process visual (facial expressions), auditory (prosody), and

visual-auditory (simultaneous facial expressions and pros-
ody) emotional information.

The evaluation of the ability to integrate social percep-
tual cues with contextual information that forms part of
normal social encounters can also be clinically useful. One
measure that can be used for such an assessment is the Emo-
tion Evaluation Test, which forms part of TASIT Part 1 [52],
evaluating the ability to recognize emotions from dynamic,
multimodal stimuli that are embedded into specific social
scenarios. In particular, participants are shown videos in
which an actor interprets one of seven basic emotions,
sometimes with ambiguous dialogue, sometimes without
any dialogue and they are asked to identify the emotional
expression depicted.

In summary, when social cognitive dysfunction is sus-
pected on the basis of clinical evidence, at least one measure
of each of the four social cognitive domains should be evalu-
ated [5] and, if specific social cognitive deficits are identified,
a more comprehensive assessment that focuses on the
domain(s) in question should be conducted. In this regard,
Table 1 summarizes the abovementioned assessment tools,
reporting the neurological disorders in which impairment
of social cognition domains has been explored and the
respective neuroanatomical correlates of these dysfunctions.
The selection of the more appropriate protocol should be
guided by the clinical validity of the tests to be administered
(i.e., sensitivity and specificity for the neurological disorder of
interest) and by the existence of population norms [5], and
potential disadvantages may be linked to the lack of popula-
tion norms in the case of some measures.

2. Social Cognition Abnormalities in
Neurodegenerative Disorders

2.1. Amyotrophic Lateral Sclerosis-Frontotemporal Disease
Spectrum Disorders (ALS-FTSD)

2.1.1. Frontotemporal Lobar Degeneration (FTLD). Social
cognition has been reported as selectively vulnerable in
FTLD, a term that grouped a clinically and pathologically
complex spectrum of non-Alzheimer neurodegenerative dis-
orders featured by selective and progressive atrophy of fron-
tal, insular, and temporal brain lobes [62]. In the late 19th
century, this complex group of disorders was denominated
as Pick’s disease in homage to Arnold Pick who helped in
the study and description of these disorders. Although FTLD
is considerably uncommon compared to Alzheimer’s disease,
this disease spectrum is one of the most important causes of
young onset dementia and entails high clinical and socioeco-
nomic costs [63].

Three major FTLD clinical syndromes, described con-
sidering the predominant clinical manifestations, are the
bvFTD, mainly featured by disturbances in social behavior
and in executive functioning [64, 65]; the primary progres-
sive aphasias (PPAs) (semantic variant (svPPA), nonfluent
agrammatic variant (nfvPPA), and logopenic variant), a
group of disorders mainly characterized by linguistic and
behavioral alterations [66]); and the syndromes characterized
by the cooccurrence of FTLD with neurological disorders
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mainly affecting cortical and subcortical brain areas, includ-
ing amyotrophic lateral sclerosis (ALS) [67], progressive
supranuclear palsy (PSP), and the corticobasal syndrome
(CBS) [63], which mainly affect motor functions, but also
impact social behavior.

(1) Alterations in the Four Domains of Social Cognition.
Social cognition deficits are pervasive in FTLD. However,
among the aforementioned syndromes, dysfunctions in
social interaction processes have been mostly described in
patients with bvFTD [64, 65]. In particular, six core symp-
toms are recognized in the revised diagnostic criteria [64]:

(i) early (i.e., within the first three years of symptom onset)
behavioral disinhibition, for example, socially inappropriate
behavior, loss of manners or decorum, or impulsive actions;
(ii) early apathy or inertia; (iii) early loss of sympathy or
empathy, for example, diminished response to other people’s
needs and feelings and diminished social interest; (iv) early
perseverative, stereotyped, or compulsive/ritualistic behav-
ior, for example, repetitive movements and stereotypy of
speech; (v) hyperorality and dietary changes, for example,
altered food preferences, binge eating, and oral exploration
of inedible objects; and (vi) executive dysfunction; with at
least 3 of these 6 features required for a diagnosis of bvFTD.

Table 1: Social cognition domains with the related assessment tools for clinical and research investigation of social cognition deficits in
neurodegenerative diseases.

Social
cognition
domains

Assessment tools
Neurodegenerative diseases
with impairment of social

cognition domains

Neuroanatomic correlates of social cognition
dysfunctions in neurodegenerative diseases

Theory of
mind

False-belief tasks, Faux-Pas Test,
RMET, Strange Stories Test, TASIT

bvFTD
Ventromedial, dorsolateral, and ventrolateral prefrontal
cortex, OFC, temporoparietal junction [42, 43, 115-119]

nfvPPA Temporal pole, insular cortex [113]

svPPA Left temporal lobe, medial frontal cortex [113]

ALS
Dorsomedial and dorsolateral prefrontal cortex,

supplementary motor areas [137]

PD
Bilateral cingulate gyri, middle and inferior frontal gyri,
fusiform and superior temporal gyri, bilateral parietal

and bilateral occipital lobes [212, 213]

PSP
Right inferior frontal gyrus, anterior medial frontal

cortex [188]

CBS Right frontal-temporal-parietal cortices [214]

AD
Superior temporal sulcus, posterior cingulate cortex,

precuneus [42]

Empathy EPT, EQ, IRI-EC, IRI-PT, MET bvFTD, ALS, AD/MCI
Anterior cingulate, frontoinsular cortices

[139, 115-119, 234]

Social
perception

Ekman Faces test, TASIT,
Comprehensive Affect Testing
System, Florida Affect Battery

bvFTD
Anterior cingulate, orbitofrontal and medial prefrontal

cortex, insula, striatum, and amygdala (SLN)
[42, 43, 109, 115-119]

nfvPPA
Posterior fusiform gyri, bilateral insular cortex, anterior

temporal lobe [112]

svPPA Left temporal cortex, amygdala [112]

ALS
Right inferior longitudinal fasciculus, inferior

frontooccipital fasciculus [147, 148]

PD
Orbitofrontal cortex, right and left superior frontal
gyri, bilateral posterior cingulate gyri, somatosensory

cortices, amigdala [206-209]

PSP Right inferior frontal gyrus [188]

CBS Paracentral gyrus, precuneus [163]

AD Temporoparietal regions [222-224]

Social
behavior

AES, FBI, FrSBe scale, NPI, SDS,
SIRS

bvFTD, ALS, PD, AD
Ventromedial and lateral prefrontal cortex,

fronto-temporo-insular areas, anterior cingulate
cortex [21, 22, 118, 129, 130, 222]

AD = Alzheimer’s disease; AES = apathy evaluation scale; ALS = amyotrophic lateral sclerosis; bvFTD = behavioral variant frontotemporal dementia;
CBS = corticobasal syndrome; EQ = Empathy Quotient; FrSBe = Frontal Systems Behavior; FBI = Frontal Behavioral Inventory; IRI-EC = Interpersonal
Reactivity Inventory-Empathic Concern; IRI-PT = Interpersonal Reactivity Inventory-Perspective-Taking; MCI = mild cognitive impairment; MET =
Multifaceted Empathy Test; NPI = Neuropsychiatric Inventory; OFC = orbitofrontal cortex; PD = Parkinson’s disease; PSP = progressive supranuclear
palsy; RMET = Reading the Mind in the Eyes Test; SDS = Socioemotional Dysfunction Scale; SIRS = Social Impairment Rating Scale; TASIT-S =
The Awareness of Social Inference Test.
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In bvFTD patients, impairments have been described in dif-
ferent social cognitive processes associated with previous
behaviors ranging from basic affective to more high-order
and reflexive processes [65, 68-71] and, interestingly, bvFTD
has been proposed as a disease model for studying interac-
tions between emotion processing, social cognition, and
interoception [72]. In particular, with regard to basic social
cognitive processes, bvFTD patients can exhibit emotion-
processing alterations, including abnormalities of the percep-
tion of emotional and social cues [73-76], altered empathic
concern [77], and alterations in affective expression that
includes the presence of apathy or, by contrast, euphoric
mood states, overfamiliarity, jocularity, and silliness [78,
79]. Furthermore, the bvFTD patients may present distur-
bances in the more reflexive social cognitive processes
including reduced theory of mind abilities [43], mentalizing
deficits [80], diminished prosocial sentiments [81], and
reduced long-term cooperative behaviors [70, 82, 83].
Recently, impaired performances at RMET have been
revealed to better discriminate bvFTD patients from healthy
subjects or Alzheimer’s disease patients than altered perfor-
mances in executive tests, thereby underlining the relevance
of social cognition abnormalities in bvFTD diagnosis [84-
89]. In particular, executive function tests, such as Stroop
task and Trail Making Test, have been shown to be less dis-
ease specific than social cognition tests, such as the RMET,
for the differential diagnosis across different forms of demen-
tia [85-89]. In support of this, recent meta-analyses con-
firmed the central role of ToM in bvFTD diagnosis by
showing significantly higher and domain-specific impair-
ments of ToM (and emotion recognition) in bvFTD in com-
parison to control subjects and Alzheimer’s disease [90] or
other clinical conditions including multiple psychiatric, neu-
rological, and developmental disorders [91]. However, ques-
tionnaires that also account for behavioral disorders, such as
apathy evaluation scale (AES) [92] and FrSBe scale, especially
in the informant-report version, have been shown to signifi-
cantly differentiate bvFTD patients from healthy controls
[84]. Of note, some of the most frequent behavioral symp-
toms in bvFTD, including apathy, impulsivity, and disinhibi-
tion, have been associated to implicit difficulties in social
interaction and alterations in the processing of social cues,
suggesting a tight interplay between social cognition and
neuropsychiatric symptoms in this condition [68, 93]. Thus,
the apathetic presentation of bvFTD includes patients who
have a lack of interest in their social surroundings as they
present difficulty in initiating, planning, and motivating
social behavior, related to atrophy in frontal areas and basal
ganglia [93-95]. Along this vein, impulsive and disinhibited
bvFTD patients exhibit inappropriate social behavior includ-
ing undue familiarity, disorganized behaviors, and sexual act-
ing out related to impaired mechanisms of cognitive control
as a consequence to atrophy in the OFC, frontal ventrome-
dial, and cingulate cortices and anterior temporal areas [96].

Alterations in the social cognitive process can also trans-
fer to moral domains in bvFTD patients, who may show
altered moral judgments, displaying more utilitarian judg-
ments in the face of moral dilemmas [97, 98], a pattern also
observed in extreme criminal terrorists [99]. Moreover,

these patients can display increased antisocial and criminal
behavior [100, 101], as well as a relatively high incidence
of legal violations [102] and a heightened expression of
counter-empathy emotions such as envy and gloating for
others’ misfortunes [103].

With regard to the ability to make judgements about
others’ behavior, attitudes, and emotions (i.e., social percep-
tion and empathy domains), patients with bvFTD may expe-
rience impaired emotion recognition, empathy, and sarcasm
detection [73, 77, 104, 105]. In particular, performance on
the newly developed TASIT-S, regarding emotion recogni-
tion and sarcasm detection, has been revealed impaired in
bvFTD and relatively intact in AD [14]. However, although
most studies have focused on the verbal categorization of
facial expressions [106], deficits have also been reported
under different task conditions and stimulus modalities
including vocal [107], bodily [108], and musical [109]
expressions of emotion. Moreover, the emotion recognition
of film stimuli is also impaired [75, 110], although the psy-
chological reactivity to negative film stimuli does not appear
to differ from controls [75]. In addition to these deficits in
recognizing emotions in others, bvFTD patients have also
shown abnormal emotion suppression, emotion generation,
and experience of self-conscious emotion, as revealed for
bvFTD patients viewing disgust-invoking stimuli, who have
been shown to display reduced facial expressions of disgust,
reduced physiological reactivity, and reduced self-reported
experience of disgust, compared to controls [111]. Further-
more, a deficit in social context processing was observed in
the performance of FTLD patients in the empathy for pain
task (EPT) [77], a suitable instrument that evaluates empathy
in the context of intentional/accidental harm. Accidental pain
situations are less clear and explicit; hence, they require
greater demands to ascertain the action’s intentionality and
integration of contextual information. When performing the
EPT, the FTLD patients do not easily discriminate between
accidental and intentional situations revealing difficulties in
integrating social context cues and agents’ intentionality [73].

With regard to linguistic variants of FTLD, namely
PPAs including svPPA and nfvPPA, some evidence also
revealed alterations in several social cognitive processes.
Several reports showed deficits in face and emotion recogni-
tion, and in ToM processes in both svPPA and nfvPPA
[109, 112-114].

(2) Neuroanatomical Bases of Social Cognition Impairment in
FTLD and Network-Based Approaches. Most of the afore-
mentioned behavioral alterations might reflect a general dis-
turbance in different neural networks. To date, it has been
reported that the functioning of three neural networks can
be altered in FTLD, including the salience network, the dorsal
attention network, and the default mode network. Firstly, the
salience network (SLN) [115] composed of the anterior cin-
gulate, insula, striatum, and amygdala, which is activated in
healthy subjects during tasks requiring attentional selection,
task switching, and self-regulation of behavior, has been
reported as impaired in FTLD as a consequence of atrophy
over the main hubs of SLN [115]. In particular, the insula, a
key region of SLN, is highly connected with the anterior
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portion connecting with the lateral OFC, while the posterior
portion connects with the superior temporal cortex; in
bvFTD, both the ventral (frontoinsular) and dorsal areas of
the anterior insular are affected [116]. Degeneration of these
connected areas has been shown to be related to the impair-
ment of emotion recognition and processing [109, 117],
social cognition [118], and interoception [119] in bvFTD.

Secondly, it has been reported that in FTLD there is an
abnormal increased connectivity in other networks including
the dorsal attention network and default-mode network
(DMN) [120]. Alterations in connectivity patterns of those
networks seem to be at the core of the decline in executive
functions and attention, as well as apathy in patients with
FTLD [120, 121]. Thirdly, clinical alterations in FTLD have
been associated to a disorder of functional frontolimbic dis-
connection leading to a compensatory hyperconnectivity in
prefrontal areas in response to the absence of affective feed-
back during the planning and execution of behavior [121].

More recently, an integrative model suggested that the
functioning of a network known as the social context net-
work (SCN), composed by fronto-temporo-insular areas,
might explain the social cognitive, executive, and behav-
ioral alterations in FTLD [68, 122-124]. Arguably, in con-
trol subjects, the SCN favors (a) to update context cues to
make predictions, (b) to consolidate context-target associa-
tive learning, and (c) to coordinate internal and external
milieus [68, 122].

In linguistic variants, comparative analysis of regional
gray matter related to social cognition deficits have revealed
a differential pattern of fronto-insulo-temporal atrophy in
bvFTD, in contrast to a set of dissociable insulo-temporal
areas for svPPA and for nfvPPA [112]. Thus, face and emo-
tion recognition impairments in nfvPPA were related to the
atrophy of the bilateral posterior fusiform gyrus, bilateral
insular cortex, and anterior temporal lobe [112]. Conversely,
emotion recognition deficits in svPPA have been associated
to atrophy in left temporal structures and also to amygdala
atrophy [125]. Finally, deficits in ToM in nfvPPA have been
associated with temporal pole and insular cortex degenera-
tion. In contrast, theory of mind disturbances in svPPA are
consistent with the patients’ atrophy in the left temporal lobe
and the medial frontal cortex [113].

Taken together, the integration of the study of social cog-
nitive factors, such as emotion processing, empathy, ToM,
moral cognition, and sociobehavioral regulation, are consid-
ered as the current target to assess complex behaviors in
FTLD. In fact, a deep comprehension of the neurocognitive
processes that subsume the interplay between the sociomoral
cognition, the executive function, and the behavior seems to
be the most robust way to create new perspectives for the
diagnosis and new targets of intervention in FTLD.

2.1.2. Amyotrophic Lateral Sclerosis and Its Disease Spectrum.
The presence of impaired social cognition in ALS, with or
without dementia, provides additional evidence in favour of
the existence of an ALS-FTLD continuum and appears to
have crucial implications for patients’ and caregivers’ train-
ing from early disease stages. ALS, the most common motor
neuron disease, has been traditionally classified as a disease

of the motor system. However, cognitive and behavioral dys-
functions are now recognized as an integral part of ALS-
related clinical syndrome [67, 126]. In particular, about
50–60% among ALS patients may develop frontotemporal
dysfunctions [67, 127], mostly characterized by executive
and language impairment, variable memory dysfunctions,
and/or behavioral impairment [67, 128]. Apathy is the most
pronounced ALS-related behavioral change [129], while dis-
inhibition and disorganization have been less frequently
reported [130]. In addition, approximately up to 15% of
ALS patients will either present with or develop FTLD, exhi-
biting a strong clinical and pathological overlap between
ALS and FTLD [131]. Thus, the abovementioned heteroge-
neity results in different categorization groups across a spec-
trum of disease, including cognitive impairment, behavioral
impairment, and ALS-FTLD [67, 131].

Impaired social cognition is now recognized as a part of
the cognitive phenotype of ALS, despite the fact that there
is significant heterogeneity in tasks used to study social cog-
nition. During the last decades, an increasing body of studies
focus on patients’ performance in tests related to social cog-
nition [67] and also evaluated its neuroanatomical correlates
[132]. On the other hand, social cognition is included in an
ALS cognitive screening testing (i.e., Edinburg Cognitive
and Behavioral ALS Screen (ECAS); [133]) and in the “Axis
II: Defining the neuropsychological deficits” of the recently
suggested diagnostic criteria for ALS-frontotemporal spec-
trum disorders (ALS-FTSD) [67]. Moreover, the evaluation
of social cognition in ALS-FTSD may have an utmost impor-
tance in clinical settings, given the potential effects of its
impairment on patients’ quality of life and ability to engage
in end-of-life decisions [134-136]. However, it is still debat-
able whether social cognition deficits are independent of
other cognitive deficits in ALS or are part of the executive
deficits or not [137-143] and to what degree they are associ-
ated with other cognitive deficits, including memory function
[136]. Of note, a subgroup of ALS patients without dementia
has been found to present impaired social cognition without
executive dysfunction [140].

(1) Alterations in the Four Domains of Social Cognition.
Changes in emotion-processing ability and reduced capacity
in the emotional recognition of facial expressions (i.e., mostly
related to negative emotions, including fear, anger, and dis-
gust [144, 145]) is more likely in patients with ALS-FTLD
[141, 146-148]. In particular, the latter, in association with
the fact that the severity of social cognition deficits is much
more pronounced and widespread in FTLD patients [149,
150], corroborates the existence of a considerable clinical
overlapping between ALS and FTLD.

Social behavior dysfunction in ALS mainly includes
apathy [141]. Moreover, loss of empathy [141], deficits in
emotion processing [147, 151-153] and emotional empathy
attribution [139], and compromised ability to make social
inferences [142, 146] have also been described in nondemen-
ted ALS patients.

Patients with ALS show difficulty on tests tapping onto
ToM components, exhibiting impaired abilities (i) to describe
the intentions and feeling of characters [139, 142, 154], (ii) to
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identify and explain social faux pas [155], and (iii) to estimate
preferences for objects based on the interpretation of eye gaze
direction [141, 156].

Even though previous evidence revealed a more pro-
nounced impairment in affective rather than cognitive com-
ponent of ToM [157], Trojsi et al. [136] found that both
cognitive and affective ToMmay be impaired in the early dis-
ease stages by simultaneously comparing both ToM compo-
nents [136]. Of note, cognitive ToM impairments have been
mostly linked to a more general executive dysfunction [154].

Clinical variables have been directly or indirectly related
to patients’ ToM and other social abilities. For instance, the
majority of studies with impairments include patients with
an average duration of 30 months [141, 142, 155], bulbar
onset [156], and/or cognitive impairment [142, 146]. With
regard to the latter, it is still unclear whether social cognitive
impairment is independent of other cognitive deficits (partic-
ularly executive dysfunction) or not. In particular, Water-
meyer et al. [143] revealed that impaired social cognition in
ALS has been mainly attributed to primary executive dys-
function, found to be the main predictor of social cognition
performance above and beyond demographics, behavior,
mood, and personality variables. Severe deficits in both cog-
nitive and affective ToM have been proven to be related to
apathy and impaired verbal fluency and naming [157], while
early in the disease course impaired ToM has been associated
to executive dysfunction [137]. On the other hand, there are
several studies that failed to find an association between
social cognition/ToM and executive impairment [137, 141,
155]. In this regard, Trojsi et al. [136] recently reported that
both cognitive and affective ToM components are associated
with nonexecutive impairment, including memory prose and
visuospatial ability.

(2) Neuroanatomical Bases of Social Cognition Impairment in
ALS. Some multimodal studies have directly addressed
in vivo the degeneration of social brain networks in ALS,
using neuroimaging techniques tailored to the study of struc-
tural changes (gray matter, white matter) [139, 148] and
functional alternations (fMRI) [132]. Evidence was related
to the emotion circuits, including amygdala and medial pre-
frontal, OFC and anterior cingulate cortices, and “mentaliz-
ing” and “empathy” networks. In particular, patterns of
gray matter atrophy in anterior cingulate and right frontoin-
sular cortices were found significantly associated with emo-
tional and empathy performances in nondemented ALS
patients [139].Moreover, a significant decline of emotion rec-
ognition skills (particularly affecting the identification of neg-
ative emotions) has been found related to microstructural
changes (measured through fractional anisotropy) in right
inferior longitudinal fasciculus and inferior frontooccipital
fasciculus in nondemented ALS patients [148]. Interestingly,
also in ALS patients the right hemisphere has been confirmed
to play a key role in the identification of others’ emotions,
especially those negative, with specific damage of ventral
associative tracts connecting frontal, temporal, limbic, and
occipital areas [147].

Focusing on the cognitive ToM component, Carluer
et al. [137] detected significant correlations between

cognitive ToM deficit (i.e., false-belief task) and brain
metabolic rate of glucose consumption in the bilateral dor-
somedial and dorsolateral prefrontal cortex, as well as in
supplementary motor areas. These findings are in line with
the involvement of dorsomedial and dorsolateral prefrontal
areas in cognitive ToM [158, 159], as well as the contribu-
tion of the supplementary motor area in the “mirror neuron
system” [160].

2.2. Parkinson’s Disease and Parkinsonisms. Parkinson’s
disease (PD), mainly characterized by motor symptoms
(i.e., resting tremor, bradykinesia, rigidity, and postural
instability), may exhibit early nonmotor symptoms, includ-
ing neuropsychiatric symptoms, sleep problems, and cogni-
tive deficits, hypothesized to be secondary to the loss of
dopaminergic neurons in the substantia nigra and the conse-
quent hypostimulation of the prefrontal cortex [161]. Among
nonmotor domains, social cognition has been explored in
PD, especially with regard to emotion recognition and ToM
abilities. However, emerging evidence has underlined the
severity of nonmotor symptoms of PSP and CBS, which
may substantially impact on social interactions and contrib-
ute to alter emotion recognition [162, 163].

2.2.1. Alterations in the Four Domains of Social Cognition. As
for emotion recognition in PD, several studies [164-169]
revealed emotion recognition deficits in PD patients when
compared to matched healthy controls. However, other
studies failed to find these deficits [170-174]. A recent
meta-analytic review [175], which investigated the emotion
recognition from faces and voices in PD, revealed significant
and modest deficits of this ability in nondemented PD
patients, independently from the level of motor disability.
Furthermore, several studies revealed that PD patients were
more impaired in recognizing negative emotions (anger,
disgust, fear, and sadness) than positive ones (happiness,
surprise) [176], while other studies suggested that the recog-
nition of negative emotions may be impaired mainly in the
early stages of PD and, then, this impairment has been
shown to mainly affect the positive ones [177]. In particular,
Hipp et al. [178] showed that, at the early stages, PD patients
might be still prone to compensate the deficient input of low
contrast sensitivity that is crucial for the appreciation of
negative facial emotions.

Impairments of facial emotion recognition in PD patients
were found to be independent of depressive symptoms [167,
179-181], executive deficits [179, 180], and clinical aspects
(i.e., disease duration and severity, [180]). Moreover, some
studies revealed that emotion recognition abnormalities
may occur after subthalamic nucleus stimulation [182-185],
probably due to alterations of projections to cortical areas,
particularly the OFC, which has been already implicated in
emotion recognition [186]. However, a recent study of Albu-
querque et al. [187] did not confirm these findings in
advanced PD.

With regard to PSP and CBS, also belonging to the FTLD
spectrum of neurodegeneration (i.e., abnormal function/
levels of the microtubule associated protein tau), patients
affected by PSP may exhibit impaired facial (i.e., sadness
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and sadness) and voice emotion recognition [188, 189] as
well as CBS patients, who may exhibit difficulties in recogniz-
ing disgust, sadness, surprise, and happiness, but not anger
and fear [163]. Moreover, half of the PSP patients reported
that social impairments negatively impacted their quality
of life [190] and, in this regard, this self-perceived social
impairment may be the result of the loss of emotion knowl-
edge or breakdown of higher-order social inferences, known
as “theory of mind,” as observed in FTLD [105]. In support
of this overlap of social cognition impairment between
FTLD and PSP, Shany-Ur et al. [191] assessed socioemo-
tional comprehension, including visual perspective taking,
belief representation, and emotion reading in a population
of neurodegenerative patients, including patients with FTLD
and PSP, using the Social Inference-Enriched (SI-E) and
Social Inference-Minimal (SI-M) subtests of the TASIT
[52]. They revealed that both patients with bvFTD and with
PSP had significantly poorer scores than healthy controls on
the TASIT SI-E “think” questions across verbal cue items,
indicating an impaired ability to represent others’ verbalized
opinions/beliefs, and on the TASIT SI-E “do” questions
across all items, indicating impaired ability to comprehend
others’ intentions. In particular, impairment of the compre-
hension of insincere communication and sarcasm was
observed in PSP as well as in bvFTD patients, though to a
major extent in patients with bvFTD [191]. Of note, failure
to comprehend complex social interactions has been demon-
strated to exacerbate patients’ poor social self-monitoring
and aberrant social behavior, thereby severely impacting
interpersonal communication and patients’ management
[192]. Conversely, in CBS observation of facial apraxia,
which results in the inability to express facial emotional
expressions [193], and flat aprosodic speech [194] may reflect
a compromised ability to express emotions.

Several studies explored the two different subcomponents
of ToM (i.e., affective and cognitive subcomponents) in PD
patients and revealed deficits of both across the entire disease
course [169, 195-198]. Importantly, Peron et al. [199] found
no different performance on ToM tasks between medicated
and nonmedicated PD patients at early stages, suggesting
that ToM deficits could be observed in PD patients when
the degenerative process has spread beyond the dopaminer-
gic pathways, but not in the early PD patients, in whom neu-
ronal loss is limited to the nigrostriatal and mesolimbic
dopaminergic systems. However, more recent studies did
not confirm these findings, but revealed the occurrence of
impairment of cognitive ToM in both medicated and unmed-
icated PD [196, 200], whereas other studies showed impair-
ment of affective ToM [195] or deficits of both ToM
subcomponents [198, 201].

Deficits of the cognitive ToM subcomponent have been
found associated predominantly with executive dysfunction
[198, 200, 202-204]. Conversely, Roca et al. [196] did not find
any association between cognitive ToM, depression, execu-
tive dysfunctions, and medication usage. With regard to def-
icits of the affective ToM subcomponent, they have been
associated with apathy [198] and reduced quality of life
[201] and may be predicted by poor cognitive status and
the dysfunction of visuospatial abilities [205].

2.2.2. Neuroanatomical Bases of Social Cognition Impairment
in PD and Parkinsonisms. With regard to structural neural
bases of the deficits in facial emotion recognition, Ibarretxe-
Bilbao et al. [206] revealed an association between these
deficits and reduced volume in OFC, associated to the degen-
eration of OFC and amygdala. More recently, Baggio et al.
[207] confirmed the pivotal role of abnormalities within
these areas in impaired facial emotion recognition and also
found that poor sadness, disgust, and anger identification
were also related to dysfunction in other cortical regions,
such as postcentral and right occipital fusiform gyri, ventral
striatum, subgenual cortex, and anterior cingulate cortex.

Previous neuroimaging studies, focusing on functional
changes associated with the impaired recognition of emo-
tions in PD patients, revealed that the impaired emotional
facial recognition network was characterized by a decreased
metabolism within the bilateral posterior cingulate gyrus
(BA 31), right superior frontal gyrus (BAs 10, 9, and 6),
and left superior frontal gyrus (BAs 10 and 11) [208]. Fur-
thermore, Wabnegger et al. [209] found that, when com-
pared to healthy subjects, PD patients showed a stronger
activation in somatosensory cortices, which are involved in
decoding emotional states by internally generating somato-
sensory representations that simulate how one feels when
displaying a certain facial expression and, therefore, may be
substantially involved in emotion recognition (Figure 1).

With regard to parkinsonisms, impaired emotion recog-
nition in PSP patients have been associated with gray matter
atrophy in the right inferior frontal gyrus [188], while in CBS
neuroimaging analyses revealed that emotion-processing
deficits were associated with the atrophy of the paracentral
gyrus/precuneus region, as well as of the basal ganglia
[163]. PSP patients have been proven to exhibit mild but sig-
nificant focal deficits in social cognition [191], which is con-
sistent with evidence showing that they may often manifest
behavioral and personality changes, hypothesized to occur
as a result of a disconnection between subcortical structures
and the prefrontal cortex [210, 211].

With regard to neural correlates of ToM deficits in PD,
Péron et al. [212] revealed a significant association between
impaired ToM abilities and decreased cerebral glucose
metabolism in brain areas belonging to the “ToM network”
(i.e., bilateral cingulate gyri, middle and inferior frontal
gyri, fusiform and superior temporal gyri, and bilateral
parietal and bilateral occipital lobes). In addition, Diez-
Ciranda et al. [213] observed that reduced gray matter vol-
ume in the precentral and postcentral gyrus and in the
middle and inferior frontal gyri may be involved in ToM
deficits in PD. Moreover, these authors reported an associ-
ation between ToM impairment and alterations of white
matter in the superior longitudinal fasciculus, adjacent to
the parietal lobe, and of the white matter adjacent to the
frontal lobe.

In atypical parkinsonisms, ToM abilities have been
poorly explored. In detail, impaired ToM abilities have been
described in PSP patients [188] and found to be related to
grey matter atrophy in the right inferior frontal gyrus and
in the anterior medial frontal cortex, both associated to
the ToM domain. Finally, Poletti and Bonuccelli [214]
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described a case of affective ToM impairment in a case of
clinically diagnosed CBS with a bilateral 18-FDG positron
emission tomography hypometabolism in the frontal-
temporal-parietal cortices, more marked in the right hemi-
sphere. However, no data have been reported about ToM
abnormalities in patients affected by multisystem atrophy.

2.3. Alzheimer’s Disease. Alzheimer’s disease (AD), the most
frequent neurodegenerative dementia and the first cause of
neurocognitive disorder in the world, is typically character-
ized by an early and progressive episodic memory loss. From
the neuropathological point of view, the progressive neuro-
degeneration initially affects the hippocampi, the entorhinal
and posterior cingulate cortices, and, subsequently, the entire
temporal, parietal, and frontal cortices [215]. Following this
anatomical pathway, social cognition dysfunctions can occur
during the course of the disease, particularly in the moderate-
severe stages [216]. In contrast, earlier in the disease, social
incongruities appear largely modulated by general cognitive
decline in memory, language, and executive domains, rather
than a genuine social dysfunction [217].

In particular, although considerably less common than in
bvFTD, AD patients may present impaired social behavior,
ToM, loss of empathy, facial emotion recognition, and inac-
curate self-awareness, and, although uncommon as first
symptoms, among alterations of social behavior, disinhibi-
tion, social awkwardness, and apathy have been reported,
respectively, in 6.9%, 5%, and 2% of cases [218].

2.3.1. Alterations in the Four Domains of Social Cognition.
With regard to apathy and disinhibition, associated with
AD severity, one of the most common tools for social/behav-
ior evaluation in dementia, the Neuropsychiatric Inventory
(NPI) [219], has been used in combination with the Clinical
Dementia Rating (CDR) scale [220], which is a disease sever-
ity scale, ranging from 0 (no impairment) to 2 (severe impair-
ment). Several NPI dimensions, but in particular apathy and
disinhibition, were correlated with the CDR score. Moreover,
apathy was the most prevalent in all CDR groups and the
only symptom with frequencies exceeding 50% in AD
patients with CDR 0.5, 1, and 2 [221].

Other types of social disturbances are rarely described in
AD, such as criminal behaviors, which are more recurrent in
bvFTD [101]. In fact, rarely, AD patients may present an
atypical, bvFTD-like clinical profile in very early stages of
disease. However, this presentation is characterized by a
milder and more restricted behavioral profile than in bvFTD,
with high cooccurrence of memory dysfunction and dysexe-
cutive abnormalities, and a pattern of atrophy centered on
temporoparietal regions, as in typical AD [222].

Deficits in recognizing others’ emotions are reported in
AD [223] and in its prodromal stage, the so-called mild cog-
nitive impairment (MCI) [224]. Most emotion recognition
studies have required participants to identify emotional
expressions in pictures producing mixed results, with evi-
dence of both impaired [223, 225-227] and intact [228, 229]
recognition overall. When considering specific emotions,
the findings are also inconsistent. More recently, a large sam-
ple of neurodegenerative patients, including AD, was studied
by using short films instead of photographs [229]. This study
revealed that emotion recognition was indistinguishable by
comparing the AD group to healthy controls. However, in
this regard, it should be kept in mind that concomitant basic
and high-level visual and visuospatial difficulties in AD may
negatively impact facial recognition, which in turn translate
in an impaired emotion recognition [230].

ToM deficits are reported in AD [231, 232], although
ToM alterations in AD remains a controversial subject. Spe-
cifically, performances at ToM tests have been revealed to not
reflect a genuine ToM deficit, rather a deficit mediated by
general (and particularly executive) cognitive decline [233].

Loss of empathy has also been reported in AD, partic-
ularly as the so-called cognitive empathy (i.e., the ability
to understand) in the context of a relative preservation
of affective empathy (i.e., the ability to share) [234]. This
pattern of spared/impaired types of empathy has been
shown to be related to the vulnerability of a distributed
network of regions, centered on the frontoinsular cortices,
the integrity of which in AD is crucial for preserved social
functioning [234].

Finally, AD patients may also present poor self-
awareness of their functional limitations that may exacerbate
their behavior abnormalities, as well as the reliability of the
patient [235]. Self-awareness can be easily tested by asking
the patient for a description of themselves, using a scale rat-
ing their competency across different domains (i.e., daily liv-
ing activities and cognitive/emotional interpersonal control)
(such as the Patient Competency Rating Scale) [235]. In

Fear Anger

Sadness
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t-Value

Disgust

Figure 1: Regions showing increased fMRI activation in
nonmedicated, nondemented PD patients (n = 17) compared to
healthy controls (n = 22). PD patients may exhibit a general
stronger recruitment of parietal regions when observing pictures
of facial expressions depicting disgust, fear, sadness, and anger
(image reproduced from Wabnegger et al. [209] under the
Creative Commons license (CC-BY), no permission needed).
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particular, AD patients resulted in being more prone to over-
estimate cognitive and emotional functioning in comparison
to bvFTD patients whomay overestimate their functioning in
all domains [235].

3. Conclusions and Future Perspectives

Abnormal interpersonal behavior is commonly observed in
clinical practice, representing part of the core diagnostic cri-
teria for many clinical disorders. Therefore, to overcome the
potential consequences related to social isolation, known to
be a risk factor for morbidity and mortality [2], social cogni-
tive intervention may be prospected to reduce the negative
impact of such disabilities on mental health, improving the
ability to form and consolidate interpersonal networks.
Among these strategies, targeted training programs may be
implemented on the basis of the recent evidence of structural
plasticity in well-known socioaffective and sociocognitive
brain networks after training-induced behavioral improve-
ments in healthy adults [236] and of potential advantages
from targeted training programs on emotion recognition in
neurodegenerative patients [104, 237].

Recently, increasing interest has been addressed to the
potential benefits of pharmacotherapy on social cognition
deficits, such as the potential effects of the peripheral admin-
istration of exogenous oxytocin, shown to exert prosocial
effects [238-241], probably mediated by the modulation of
the serotonergic system [239].

Another emerging approach is related to the use of
brain stimulation techniques, such as theta burst and
high-frequency repetitive transcranial magnetic stimulation
(rTMS), to modulate empathy-related brain activity. In par-
ticular, rTMS sessions, by stimulating the bilateral medial
prefrontal cortex, have been revealed to be useful in
improving self-reported social functioning in the case of
autism spectrum disorders [242] and major depressive dis-
orders [243].

Finally, given the critical role of caregivers’ wellbeing
and collaboration in any therapeutic and rehabilitation
plan, treatment efforts should also be directed towards
ensuring the availability of appropriate education and sup-
port for them.

Conflicts of Interest

The authors declare that there is no conflict of interest
regarding this article.

References

[1] R. Adolphs, “The social brain: neural basis of social knowl-
edge,” Annual Review of Psychology, vol. 60, no. 1, pp. 693–
716, 2009.

[2] S. Cacioppo, J. P. Capitanio, and J. T. Cacioppo, “Toward a
neurology of loneliness,” Psychological Bulletin, vol. 140,
no. 6, pp. 1464–1504, 2014.

[3] F. Adolfi, B. Couto, F. Richter et al., “Convergence of
interoception, emotion, and social cognition: a two-fold
fMRI meta-analysis and lesion approach,” Cortex, vol. 88,
pp. 124–142, 2017.

[4] R. Adolphs, S. Baron-Cohen, and D. Tranel, “Impaired recog-
nition of social emotions following amygdala damage,” Jour-
nal of Cognitive Neuroscience, vol. 14, no. 8, pp. 1264–1274,
2002.

[5] J. D. Henry, W. von Hippel, P. Molenberghs, T. Lee, and P. S.
Sachdev, “Clinical assessment of social cognitive function in
neurological disorders,” Nature Reviews Neurology, vol. 12,
no. 1, pp. 28–39, 2016.

[6] L. Brothers, “The social brain: a project for integrating
primate behaviour and neurophysiology in a new domain,”
Concepts Neuroscience, vol. 1, pp. 27–51, 1990.

[7] J. V. Haxby, E. A. Hoffman, and M. I. Gobbini, “The distrib-
uted human neural system for face perception,” Trends in
Cognitive Sciences, vol. 4, no. 6, pp. 223–233, 2000.

[8] R. Adolphs, “What does the amygdala contribute to social
cognition?,” Annals of the New York Academy of Sciences,
vol. 1191, no. 1, pp. 42–61, 2010.

[9] A. W. Young, J. P. Aggleton, D. J. Hellawell, M. Johnson,
P. Broks, and J. R. Hanley, “Face processing impairments
after amygdalotomy,” Brain, vol. 118, no. 1, pp. 15–24, 1995.

[10] J. E. LeDoux, “Emotion circuits in the brain,” Annual Review
of Neuroscience, vol. 23, no. 1, pp. 155–184, 2000.

[11] L. Pessoa, “On the relationship between emotion and cogni-
tion,” Nature Reviews Neuroscience, vol. 9, no. 2, pp. 148–
158, 2008.

[12] K. H. Lee, T. F. D. Farrow, S. A. Spence, and P. W. R. Wood-
ruff, “Social cognition, brain networks and schizophrenia,”
Psychological Medicine, vol. 34, no. 3, pp. 391–400, 2004.

[13] P. Mukherjee, H. C. Whalley, J. W. McKirdy et al., “Altered
amygdala connectivity within the social brain in schizophre-
nia,” Schizophrenia Bulletin, vol. 40, no. 1, pp. 152–160, 2014.

[14] F. Kumfor, C. Honan, S. McDonald, J. L. Hazelton, J. R.
Hodges, and O. Piguet, “Assessing the “social brain” in
dementia: applying TASIT-S,” Cortex, vol. 93, pp. 166–177,
2017.

[15] A. Bejanin, G. Chételat, M. Laisney et al., “Distinct neural
substrates of affective and cognitive theory of mind impair-
ment in semantic dementia,” Social Neuroscience, vol. 12,
no. 3, pp. 287–302, 2017.

[16] E. A. H. von dem Hagen, R. S. Stoyanova, S. Baron-Cohen,
and A. J. Calder, “Reduced functional connectivity within
and between “social” resting state networks in autism spec-
trum conditions,” Social Cognitive and Affective Neurosci-
ence, vol. 8, no. 6, pp. 694–701, 2013.

[17] N. M. Kleinhans, T. Richards, L. Sterling et al., “Abnormal
functional connectivity in autism spectrum disorders during
face processing,” Brain, vol. 131, no. 4, pp. 1000–1012, 2008.

[18] M. A. Patriquin, T. DeRamus, L. E. Libero, A. Laird, and R. K.
Kana, “Neuroanatomical and neurofunctional markers of
social cognition in autism spectrum disorder,” Human Brain
Mapping, vol. 37, no. 11, pp. 3957–3978, 2016.

[19] M. Roy, D. Shohamy, and T. D. Wager, “Ventromedial
prefrontal-subcortical systems and the generation of affective
meaning,” Trends in Cognitive Sciences, vol. 16, no. 3,
pp. 147–156, 2012.

[20] K. C. Berridge and M. L. Kringelbach, “Neuroscience of
affect: brain mechanisms of pleasure and displeasure,” Cur-
rent Opinion in Neurobiology, vol. 23, no. 3, pp. 294–303,
2013.

[21] I. Cristofori, W. Zhong, V. Mandoske et al., “Brain regions
influencing implicit violent attitudes: a lesion-mapping

10 Behavioural Neurology



study,” Journal of Neuroscience, vol. 36, no. 9, pp. 2757–2768,
2016.

[22] J. S. Beer, O. P. John, D. Scabini, and R. T. Knight, “Orbito-
frontal cortex and social behavior: integrating self-
monitoring and emotion-cognition interactions,” Journal of
Cognitive Neuroscience, vol. 18, no. 6, pp. 871–879, 2006.

[23] C. A. Hill, S. Suzuki, R. Polania, M. Moisa, J. P. O’Doherty,
and C. C. Ruff, “A causal account of the brain network com-
putations underlying strategic social behavior,” Nature Neu-
roscience, vol. 20, no. 8, pp. 1142–1149, 2017.

[24] D. Dodell-Feder, J. Koster-Hale, M. Bedny, and R. Saxe,
“fMRI item analysis in a theory of mind task,” NeuroImage,
vol. 55, no. 2, pp. 705–712, 2011.

[25] R. Saxe, “Why and how to study Theory of Mind with fMRI,”
Brain Research, vol. 1079, no. 1, pp. 57–65, 2006.

[26] L. Young and R. Saxe, “An FMRI investigation of sponta-
neous mental state inference for moral judgment,” Journal
of Cognitive Neuroscience, vol. 21, no. 7, pp. 1396–1405,
2009.

[27] D. Schneider, V. P. Slaughter, S. I. Becker, and P. E. Dux,
“Implicit false-belief processing in the human brain,” Neuro-
Image, vol. 101, pp. 268–275, 2014.

[28] A. M. Kovacs, S. Kühn, G. Gergely, G. Csibra, and M. Brass,
“Are all beliefs equal? Implicit belief attributions recruiting
core brain regions of theory of mind,” PLoS One, vol. 9,
no. 9, article e106558, 2014.

[29] D. C. Hyde, M. Aparicio Betancourt, and C. E. Simon,
“Human temporal-parietal junction spontaneously tracks
others’ beliefs: a functional near-infrared spectroscopy
study,” Human Brain Mapping, vol. 36, no. 12, pp. 4831–
4846, 2015.

[30] G. Hein and T. Singer, “I feel how you feel but not always: the
empathic brain and its modulation,” Current Opinion in Neu-
robiology, vol. 18, no. 2, pp. 153–158, 2008.

[31] J. Decety and J. M. Cowell, “The complex relation between
morality and empathy,” Trends in Cognitive Sciences,
vol. 18, no. 7, pp. 337–339, 2014.

[32] C. Lamm, J. Decety, and T. Singer, “Meta-analytic evidence
for common and distinct neural networks associated with
directly experienced pain and empathy for pain,” Neuro-
Image, vol. 54, no. 3, pp. 2492–2502, 2011.

[33] C. Korponay, M. Pujara, P. Deming et al., “Impulsive antiso-
cial psychopathic traits linked to increased volume and func-
tional connectivity within prefrontal cortex,” Social Cognitive
and Affective Neuroscience, vol. 12, no. 7, pp. 1169–1178,
2017.

[34] S. V. Abram, K. M. Wisner, J. M. Fox et al., “Fronto-temporal
connectivity predicts cognitive empathy deficits and experi-
ential negative symptoms in schizophrenia,” Human Brain
Mapping, vol. 38, no. 3, pp. 1111–1124, 2017.

[35] M. Iacoboni, R. P. Woods, M. Brass, H. Bekkering, J. C.
Mazziotta, and G. Rizzolatti, “Cortical mechanisms of
human imitation,” Science, vol. 286, no. 5449, pp. 2526–
2528, 1999.

[36] J. Decety, T. Chaminade, J. Grèzes, and A. N. Meltzoff, “A
PET exploration of the neural mechanisms involved in recip-
rocal imitation,” NeuroImage, vol. 15, no. 1, pp. 265–272,
2002.

[37] M. C. Keuken, A. Hardie, B. T. Dorn et al., “The role of the
left inferior frontal gyrus in social perception: an rTMS
study,” Brain Research, vol. 1383, pp. 196–205, 2011.

[38] P. G. Enticott, P. J. Johnston, S. E. Herring, K. E. Hoy, and
P. B. Fitzgerald, “Mirror neuron activation is associated with
facial emotion processing,” Neuropsychologia, vol. 46, no. 11,
pp. 2851–2854, 2008.

[39] N. Hadjikhani, R. M. Joseph, J. Snyder, and H. Tager-Flus-
berg, “Anatomical differences in the mirror neuron system
and social cognition network in autism,” Cerebral Cortex,
vol. 16, no. 9, pp. 1276–1282, 2006.

[40] I. Fishman, C. L. Keown, A. J. Lincoln, J. A. Pineda, and R. A.
Müller, “Atypical cross talk between mentalizing and mirror
neuron networks in autism spectrum disorder,” Journal of
the American Medical Association Psychiatry, vol. 71, no. 7,
pp. 751–760, 2014.

[41] M. Schulte-Rüther, E. Otte, K. Adigüzel et al., “Intact mir-
ror mechanisms for automatic facial emotions in children
and adolescents with autism spectrum disorder,” Autism
Research, vol. 10, no. 2, pp. 298–310, 2017.

[42] M. Poletti, I. Enrici, and M. Adenzato, “Cognitive and
affective Theory of Mind in neurodegenerative diseases:
neuropsychological, neuroanatomical and neurochemical
levels,” Neuroscience & Biobehavioral Reviews, vol. 36, no. 9,
pp. 2147–2164, 2012.

[43] M. Adenzato, M. Cavallo, and I. Enrici, “Theory of mind abil-
ity in the behavioural variant of frontotemporal dementia: an
analysis of the neural, cognitive, and social levels,” Neuropsy-
chologia, vol. 48, no. 1, pp. 2–12, 2010.

[44] M. L. Schroeter, “Considering the frontomedian cortex in
revised criteria for behavioural variant frontotemporal
dementia,” Brain, vol. 135, no. 4, pp. e213–e212, 2012.

[45] M. L. Schroeter, B. Vogt, S. Frisch et al., “Executive deficits are
related to the inferior frontal junction in early dementia,”
Brain, vol. 135, no. 1, pp. 201–215, 2012.

[46] J. Grace and P. F. Malloy, Frontal Systems Behavior Scale Pro-
fessional Manual, Psychological Assessment Resources, Lutz,
FL, USA, 2001.

[47] A. Kertesz, N. Nadkarni, W. Davidson, and A. W. Thomas,
“The Frontal Behavioral Inventory in the differential diag-
nosis of frontotemporal dementia,” Journal of the Interna-
tional Neuropsychological Society, vol. 6, no. 4, pp. 460–468,
2000.

[48] J. P. Barsuglia, N. C. Kaiser, S. S. Wilkins et al., “A scale of
socioemotional dysfunction in frontotemporal dementia,”
Archives of Clinical Neuropsychology, vol. 29, no. 8, pp. 793–
805, 2014.

[49] J. D. Henry, W. von Hippel, and K. Baynes, “Social inappro-
priateness, executive control, and aging,” Psychology and
Aging, vol. 24, no. 1, pp. 239–244, 2009.

[50] K. C. Bickart, M. Brickhouse, A. Negreira, D. Sapolsky, L. F.
Barrett, and B. C. Dickerson, “Atrophy in distinct corticolim-
bic networks in frontotemporal dementia relates to social
impairments measured using the Social Impairment Rating
Scale,” Journal of Neurology, Neurosurgery & Psychiatry,
vol. 85, no. 4, pp. 438–448, 2014.

[51] H. Wimmer and J. Perner, “Beliefs about beliefs: representa-
tion and constraining function of wrong beliefs in young chil-
dren’s understanding of deception,” Cognition, vol. 13, no. 1,
pp. 103–128, 1983.

[52] S. McDonald, S. Flanagan, J. Rollins, and J. Kinch, “TASIT: a
new clinical tool for assessing social perception after trau-
matic brain injury,” The Journal of Head Trauma Rehabilita-
tion, vol. 18, no. 3, pp. 219–238, 2003.

11Behavioural Neurology



[53] F. G. E. Happé, “An advanced test of theory of mind: under-
standing of story characters’ thoughts and feelings by able
autistic, mentally handicapped, and normal children and
adults,” Journal of Autism and Developmental Disorders,
vol. 24, no. 2, pp. 129–154, 1994.

[54] V. E. Stone, S. Baron-Cohen, and R. T. Knight, “Frontal lobe
contributions to theory of mind,” Journal of Cognitive Neuro-
science, vol. 10, no. 5, pp. 640–656, 1998.

[55] S. Baron-Cohen, S. Wheelwright, J. Hill, Y. Raste, and
I. Plumb, “The “Reading the Mind in the Eyes” test revised
version: a study with normal adults, and adults with Asperger
syndrome or high-functioning autism,” Journal of Child Psy-
chology and Psychiatry, vol. 42, no. 2, pp. 241–251, 2001.

[56] M. H. Davis, “Measuring individual-differences in empathy—
evidence for a multidimensional approach,” Journal of Person-
ality and Social Psychology, vol. 44, no. 1, pp. 113–126, 1983.

[57] S. Baron-Cohen and S. Wheelwright, “The empathy quotient:
an investigation of adults with Asperger syndrome or high
functioning autism, and normal sex differences,” Journal
of Autism and Developmental Disorders, vol. 34, no. 2,
pp. 163–175, 2004.

[58] I. Dziobek, K. Rogers, S. Fleck et al., “Dissociation of cognitive
and emotional empathy in adults with Asperger syndrome
using the Multifaceted Empathy Test (MET),” Journal of
Autism and Developmental Disorders, vol. 38, no. 3,
pp. 464–473, 2008.

[59] P. Ekman and W. V. Friesen, Pictures of Facial Affect, Con-
sulting Psychologists Press, Palo Alto, CA, USA, 1976.

[60] K. B. Froming, M. Levy, S. G. Schaffer, and P. Ekman, Com-
prehensive Affect Testing System (CATS), Psychology Soft-
ware Inc, Gainesville, FL, USA, 2006.

[61] D. Bowers, L. X. Blonder, and K. M. Heilman, Florida Affect
Battery, Center for Neuropsychological Studies, 1999.

[62] J. D. Warren, J. D. Rohrer, and M. N. Rossor, “Frontotem-
poral dementia,” BMJ, vol. 347, article F4827, 2013.

[63] I. T. S. Coyle-Gilchrist, K. M. Dick, K. Patterson et al.,
“Prevalence, characteristics, and survival of frontotemporal
lobar degeneration syndromes,” Neurology, vol. 86, no. 18,
pp. 1736–1743, 2016.

[64] K. Rascovsky, J. R. Hodges, D. Knopman et al., “Sensitivity of
revised diagnostic criteria for the behavioural variant of fron-
totemporal dementia,” Brain, vol. 134, no. 9, pp. 2456–2477,
2011.

[65] O. Piguet, M. Hornberger, E. Mioshi, and J. R. Hodges,
“Behavioural-variant frontotemporal dementia: diagnosis,
clinical staging, and management,” Lancet Neurology, vol. 10,
no. 2, pp. 162–172, 2011.

[66] M. L. Gorno-Tempini, A. E. Hillis, S. Weintraub et al., “Clas-
sification of primary progressive aphasia and its variants,”
Neurology, vol. 76, no. 11, pp. 1006–1014, 2011.

[67] M. J. Strong, S. Abrahams, L. H. Goldstein et al., “Amyotro-
phic lateral sclerosis-frontotemporal spectrum disorder
(ALS-FTSD): revised diagnostic criteria,” Amyotrophic Lat-
eral Sclerosis and Frontotemporal Degeneration, vol. 18,
no. 3–4, pp. 153–174, 2017.

[68] A. Ibáñez and F. Manes, “Contextual social cognition and the
behavioral variant of frontotemporal dementia,” Neurology,
vol. 78, no. 17, pp. 1354–1362, 2012.

[69] A. Ibáñez, R. O. Kuljis, D. Matallana, and F. Manes, “Bridging
psychiatry and neurology through social neuroscience,”
World Psychiatry, vol. 13, no. 2, pp. 148-149, 2014.

[70] A. Ibáñez, P. Billeke, L. de la Fuente, P. Salamone, A.M.Garcia,
and M. Melloni, “Reply: towards a neurocomputational
account of social dysfunction in neurodegenerative disease,”
Brain, vol. 140, no. 3, p. e15, 2017.

[71] W. W. Seeley, J. Zhou, and E. J. Kim, “Frontotemporal
dementia: what can the behavioral variant teach us about
human brain organization?,” Neuroscientist, vol. 18, no. 4,
pp. 373–385, 2012.

[72] J. Van den Stock and F. Kumfor, “Behavioural variant fronto-
temporal dementia: at the interface of interoception, emotion
and social cognition?,” Cortex, 2017.

[73] S. Baez, J. P. Morales, A. Slachevsky et al., “Orbitofrontal and
limbic signatures of empathic concern and intentional harm
in the behavioral variant frontotemporal dementia,” Cortex,
vol. 75, pp. 20–32, 2016.

[74] V. E. Sturm, J. S. Yokoyama, J. A. Eckart et al., “Damage to
left frontal regulatory circuits produces greater positive emo-
tional reactivity in frontotemporal dementia,” Cortex, vol. 64,
pp. 55–67, 2015.

[75] K. H. Werner, N. A. Roberts, H. J. Rosen et al., “Emo-
tional reactivity and emotion recognition in frontotem-
poral lobar degeneration,” Neurology, vol. 69, no. 2,
pp. 148–155, 2007.

[76] M. H. Cohen, A. M. Carton, C. J. Hardy et al., “Processing
emotion from abstract art in frontotemporal lobar degenera-
tion,” Neuropsychologia, vol. 81, pp. 245–254, 2016.

[77] S. Baez, F. Manes, D. Huepe et al., “Primary empathy deficits
in frontotemporal dementia,” Frontiers in Aging Neurosci-
ence, vol. 6, p. 262, 2014.

[78] R. W. Levenson, V. E. Sturm, and C. M. Haase, “Emotional
and behavioral symptoms in neurodegenerative disease: a
model for studying the neural bases of psychopathology,”
Annual Review of Clinical Psychology, vol. 10, no. 1,
pp. 581–606, 2014.

[79] S. C. Lanata and B. L. Miller, “The behavioural variant
frontotemporal dementia (bvFTD) syndrome in psychiatry,”
Journal of Neurology, Neurosurgery & Psychiatry, vol. 87,
no. 5, pp. 501–511, 2016.

[80] S. P. Caminiti, N. Canessa, C. Cerami et al., “Affective menta-
lizing and brain activity at rest in the behavioral variant
of frontotemporal dementia,” Neuroimage: Clinical, vol. 9,
pp. 484–497, 2015.

[81] J. Moll, R. Zahn, R. de Oliveira-Souza et al., “Impairment of
prosocial sentiments is associated with frontopolar and septal
damage in frontotemporal dementia,” NeuroImage, vol. 54,
no. 2, pp. 1735–1742, 2011.

[82] C. O’Callaghan, M. Bertoux, M. Irish et al., “Fair play:
social norm compliance failures in behavioural variant
frontotemporal dementia,” Brain, vol. 139, no. 1, pp. 204–
216, 2016.

[83] M. Melloni, P. Billeke, S. Baez et al., “Your perspective and
my benefit: multiple lesion models of self-other integration
strategies during social bargaining,” Brain, vol. 139, no. 11,
pp. 3022–3040, 2016.

[84] M. L. Schroeter, S. Pawelke, S. Bisenius et al., “A modified
Reading the Mind in the Eyes Test predicts behavioral var-
iant frontotemporal dementia better than executive func-
tion tests,” Frontiers in Aging Neuroscience, vol. 10, p. 11,
2018.

[85] C. Gregory, S. Lough, V. Stone et al., “Theory of mind in
patients with frontal variant frontotemporal dementia and

12 Behavioural Neurology



Alzheimer’s disease: theoretical and practical implications,”
Brain, vol. 125, no. 4, pp. 752–764, 2002.

[86] T. Torralva, C. M. Kipps, J. R. Hodges et al., “The relationship
between affective decision-making and theory of mind in the
frontal variant of fronto-temporal dementia,”Neuropsycholo-
gia, vol. 45, no. 2, pp. 342–349, 2007.

[87] T. Torralva, M. Roca, E. Gleichgerrcht, T. Bekinschtein, and
F. Manes, “A neuropsychological battery to detect specific
executive and social cognitive impairments in early fronto-
temporal dementia,” Brain, vol. 132, no. 5, pp. 1299–1309,
2009.

[88] E. Gleichgerrcht, T. Torralva, M. Roca, and F. Manes, “Utility
of an abbreviated version of the executive and social cogni-
tion battery in the detection of executive deficits in early
behavioral variant frontotemporal dementia patients,” Jour-
nal of the International Neuropsychological Society, vol. 16,
no. 4, pp. 687–694, 2010.

[89] C. Buhl, J. Stokholm, and A. Gade, “Clinical utility of short
social cognitive tests in early differentiation of behavioral var-
iant frontotemporal dementia from Alzheimer’s disease,”
Dementia and Geriatric Cognitive Disorders Extra, vol. 3,
no. 1, pp. 376–385, 2013.

[90] J. D.Henry, L.H. Phillips, andC. vonHippel, “Ameta-analytic
review of theory of mind difficulties in behavioural-variant
frontotemporal dementia,” Neuropsychologia, vol. 56, pp. 53–
62, 2014.

[91] J. Cotter, K. Granger, R. Backx, M. Hobbs, C. Y. Looi, and
J. H. Barnett, “Social cognitive dysfunction as a clinical
marker: a systematic review of meta-analyses across 30
clinical conditions,” Neuroscience & Biobehavioral Reviews,
vol. 84, pp. 92–99, 2018.

[92] R. S. Marin, R. C. Biedrzycki, and S. Firinciogullari, “Reliabil-
ity and validity of the apathy evaluation scale,” Psychiatry
Research, vol. 38, no. 2, pp. 143–162, 1991.

[93] H. Santamaria-Garcia, P. Reyes, A. Garcia et al., “First symp-
toms and neurocognitive correlates of behavioral variant
frontotemporal dementia,” Journal of Alzheimer’s Disease,
vol. 54, no. 3, pp. 957–970, 2016.

[94] G. Zamboni, E. D. Huey, F. Krueger, P. F. Nichelli, and
J. Grafman, “Apathy and disinhibition in frontotemporal
dementia: insights into their neural correlates,” Neurology,
vol. 71, no. 10, pp. 736–742, 2008.

[95] P. J. Eslinger, P. Moore, S. Antani, C. Anderson, and
M. Grossman, “Apathy in frontotemporal dementia: behav-
ioral and neuroimaging correlates,” Behavioural Neurology,
vol. 25, no. 2, 136 pages, 2012.

[96] M. Hornberger, J. Geng, and J. R. Hodges, “Convergent
grey and white matter evidence of orbitofrontal cortex
changes related to disinhibition in behavioural variant fron-
totemporal dementia,” Brain, vol. 134, no. 9, pp. 2502–
2512, 2011.

[97] S. Baez, P. Kanske, D. Matallana et al., “Integration of inten-
tion and outcome for moral judgment in frontotemporal
dementia: brain structural signatures,” Neurodegenerative
Diseases, vol. 16, no. 3–4, pp. 206–217, 2016.

[98] S. Baez, B. Couto, T. Torralva et al., “Comparing moral judg-
ments of patients with frontotemporal dementia and frontal
stroke,” Journal of the American Medical Association Neurol-
ogy, vol. 71, no. 9, pp. 1172–1176, 2014.

[99] S. Baez, E. Herrera, A. M. Garcia, F. Manes, L. Young,
and A. Ibáñez, “Outcome-oriented moral evaluation in

terrorists,” Nature Human Behaviour, vol. 1, no. 6, article
0118, pp. 1–8, 2017.

[100] R. de Oliveira-Souza, R. D. Hare, I. E. Bramati et al., “Psychop-
athy as a disorder of the moral brain: fronto-temporo-limbic
grey matter reductions demonstrated by voxel-based mor-
phometry,” NeuroImage, vol. 40, no. 3, pp. 1202–1213, 2008.

[101] M. Liljegren, G. Naasan, J. Temlett et al., “Criminal behavior
in frontotemporal dementia and Alzheimer disease,” Journal
of the American Medical Association Neurology, vol. 72, no. 3,
pp. 295–300, 2015.

[102] M. F. Mendez, “The unique predisposition to criminal vio-
lations in frontotemporal dementia,” The Journal of the
American Academy of Psychiatry and the Law, vol. 38,
no. 3, pp. 318–323, 2010.

[103] H. Santamaria-Garcia, S. Baez, P. Reyes et al., “A lesion model
of envy and Schadenfreude: legal, deservingness and moral
dimensions as revealed by neurodegeneration,” Brain,
vol. 140, no. 12, pp. 3357–3377, 2017.

[104] F. Kumfor, L. Miller, S. Lah et al., “Are you really angry? The
effect of intensity on facial emotion recognition in frontotem-
poral dementia,” Social Neuroscience, vol. 6, no. 5–6, pp. 502–
514, 2011.

[105] C. M. Kipps, P. J. Nestor, J. Acosta-Cabronero, R. Arnold,
and J. R. Hodges, “Understanding social dysfunction in the
behavioural variant of frontotemporal dementia. The role of
emotion and sarcasm processing,” Brain, vol. 132, no. 3,
pp. 592–603, 2009.

[106] F. Kumfor and O. Piguet, “Disturbance of emotion process-
ing in frontotemporal dementia: a synthesis of cognitive
and neuroimaging findings,” Neuropsychology Review,
vol. 22, no. 3, pp. 280–297, 2012.

[107] J. S. Snowden, N. A. Austin, S. Sembi, J. C. Thompson,
D. Craufurd, and D. Neary, “Emotion recognition in Hun-
tington’s disease and frontotemporal dementia,” Neuropsy-
chologia, vol. 46, no. 11, pp. 2638–2649, 2008.

[108] J. Van den Stock, F. L. De Winter, B. de Gelder et al.,
“Impaired recognition of body expressions in the behavioral
variant of frontotemporal dementia,” Neuropsychologia,
vol. 75, pp. 496–504, 2015.

[109] R. Omar, S. M. D. Henley, J. W. Bartlett et al., “The structural
neuroanatomy of music emotion recognition: evidence from
frontotemporal lobar degeneration,” NeuroImage, vol. 56,
no. 3, pp. 1814–1821, 2011.

[110] M. S. Goodkind, V. E. Sturm, E. A. Ascher et al., “Emotion
recognition in frontotemporal dementia and Alzheimer’s dis-
ease: a new film-based assessment,” Emotion, vol. 15, no. 4,
pp. 416–427, 2015.

[111] J. A. Eckart, V. E. Sturm, B. L. Miller, and R. W. Levenson,
“Diminished disgust reactivity in behavioral variant fron-
totemporal dementia,” Neuropsychologia, vol. 50, no. 5,
pp. 786–790, 2012.

[112] B. Couto, F. Manes, P. Montañés et al., “Structural neuroim-
aging of social cognition in progressive non-fluent aphasia
and behavioral variant of frontotemporal dementia,” Fron-
tiers in Human Neuroscience, vol. 7, p. 467, 2013.

[113] C. Duval, A. Bejanin, P. Piolino et al., “Theory of mind
impairments in patients with semantic dementia,” Brain,
vol. 135, no. 1, pp. 228–241, 2012.

[114] H. J. Rosen, R. J. Perry, J. Murphy et al., “Emotion compre-
hension in the temporal variant of frontotemporal dementia,”
Brain, vol. 125, no. 10, pp. 2286–2295, 2002.

13Behavioural Neurology



[115] G. S. Day, N. A. Farb, D. F. Tang-Wai et al., “Salience network
resting-state activity: prediction of frontotemporal dementia
progression,” Journal of the American Medical Association
Neurology, vol. 70, no. 10, pp. 1249–1253, 2013.

[116] W. W. Seeley, “Anterior insula degeneration in frontotem-
poral dementia,” Brain Structure and Function, vol. 214,
no. 5–6, pp. 465–475, 2010.

[117] F. Kumfor, M. Irish, J. R. Hodges, and O. Piguet, “Discrete
neural correlates for the recognition of negative emotions:
insights from frontotemporal dementia,” PLoS One, vol. 8,
no. 6, article e67457, 2013.

[118] S. Baez, C. Pinasco, M. Roca et al., “Brain structural correlates
of executive and social cognition profiles in behavioral vari-
ant frontotemporal dementia and elderly bipolar disorder,”
Neuropsychologia, 2017.

[119] I. Garcia-Cordero, L. Sedeño, L. de la Fuente et al., “Feeling,
learning from and being aware of inner states: interoceptive
dimensions in neurodegeneration and stroke,” Philosophical
Transactions of the Royal Society B: Biological Sciences,
vol. 371, no. 1708, article 20160006, 2016.

[120] R. Rytty, J. Nikkinen, L. Paavola et al., “GroupICA dual
regression analysis of resting state networks in a behavioral
variant of frontotemporal dementia,” Frontiers in Human
Neuroscience, vol. 7, p. 461, 2013.

[121] N. A. S. Farb, C. L. Grady, S. Strother et al., “Abnormal net-
work connectivity in frontotemporal dementia: evidence for
prefrontal isolation,” Cortex, vol. 49, no. 7, pp. 1856–1873,
2013.

[122] S. Baez, A. M. Garcia, and A. Ibáñez, “The social context
network model in psychiatric and neurological diseases,”
Current Topics in Behavioral Neurosciences, vol. 30, pp. 379–
396, 2017.

[123] L. Sedeño, B. Couto, I. García-Cordero et al., “Brain network
organization and social executive performance in frontotem-
poral dementia,” Journal of the International Neuropsycho-
logical Society, vol. 22, no. 2, pp. 250–262, 2016.

[124] W. W. Seeley, R. Crawford, K. Rascovsky et al., “Frontal
paralimbic network atrophy in very mild behavioral variant
frontotemporal dementia,” Archives of Neurology, vol. 65,
no. 2, pp. 249–255, 2008.

[125] J. L. Whitwell, E. L. Sampson, H. C. Watt, R. J. Harvey,
M. N. Rossor, and N. C. Fox, “A volumetric magnetic reso-
nance imaging study of the amygdala in frontotemporal
lobar degeneration and Alzheimer’s disease,” Dementia and
Geriatric Cognitive Disorders, vol. 20, no. 4, pp. 238–244,
2005.

[126] S. Tsermentseli, P. N. Leigh, and L. H. Goldstein, “The anat-
omy of cognitive impairment in amyotrophic lateral sclerosis:
more than frontal lobe dysfunction,” Cortex, vol. 48, no. 2,
pp. 166–182, 2012.

[127] A. Montuschi, B. Iazzolino, A. Calvo et al., “Cognitive corre-
lates in amyotrophic lateral sclerosis: a population-based
study in Italy,” Journal of Neurology, Neurosurgery & Psychi-
atry, vol. 86, no. 2, pp. 168–173, 2015.

[128] E. Beeldman, J. Raaphorst, M. Klein Twennaar, M. de Visser,
B. A. Schmand, and R. J. de Haan, “The cognitive profile of
ALS: a systematic review and meta-analysis update,” Journal
of Neurology, Neurosurgery & Psychiatry, vol. 87, no. 6,
pp. 611–619, 2016.

[129] A. B. Grossman, S. Woolley-Levine, W. G. Bradley, and R. G.
Miller, “Detecting neurobehavioral changes in amyotrophic

lateral sclerosis,” Amyotrophic Lateral Sclerosis, vol. 8, no. 1,
pp. 56–61, 2007.

[130] M. Witgert, A. R. Salamone, A. M. Strutt et al., “Frontal-lobe
mediated behavioral dysfunction in amyotrophic lateral scle-
rosis,” European Journal of Neurology, vol. 17, no. 1, pp. 103–
110, 2010.

[131] J. R. Burrell, G. M. Halliday, J. J. Kril et al., “The frontotem-
poral dementia motor neuron disease continuum,” The Lan-
cet, vol. 388, no. 10047, pp. 919–931, 2016.

[132] J. Keller, S. Bohm, H. E. A. Aho-Ozhan et al., “Functional
reorganization during cognitive function tasks in patients
with amyotrophic lateral sclerosis,” Brain Imaging and
Behavior, 2017.

[133] S. Abrahams, J. Newton, E. Niven, J. Foley, and T. H. Bak,
“Screening for cognition and behaviour changes in ALS,”
Amyotrophic Lateral Sclerosis and Frontotemporal Degenera-
tion, vol. 15, no. 1–2, pp. 9–14, 2014.

[134] S. Körner, K. Kollewe, S. Abdulla, A. Zapf, R. Dengler, and
S. Petri, “Interaction of physical function, quality of life and
depression in amyotrophic lateral sclerosis: characterization
of a large patient cohort,” BMC Neurology, vol. 15, no. 1,
p. 84, 2015.

[135] D. Lulé, B. Ehlich, D. Lang et al., “Quality of life in fatal
disease: the flawed judgement of the social environment,”
Journal of Neurology, vol. 260, no. 11, pp. 2836–2843,
2013.

[136] F. Trojsi, M. Siciliano, A. Russo et al., “Theory of mind and its
neuropsychological and quality of life correlates in the early
stages of amyotrophic lateral sclerosis,” Frontiers in Psychol-
ogy, vol. 7, p. 1934, 2016.

[137] L. Carluer, A. Mondou, M. S. Buhour et al., “Neural substrate
of cognitive theory of mind impairment in amyotrophic
lateral sclerosis,” Cortex, vol. 65, pp. 19–30, 2015.

[138] M. Cavallo, M. Adenzato, S. E. Macpherson, G. Karwig,
I. Enrici, and S. Abrahams, “Evidence of social understanding
impairment in patients with amyotrophic lateral sclerosis,”
PLoS One, vol. 6, no. 10, article e25948, 2011.

[139] C. Cerami, A. Dodich, N. Canessa et al., “Emotional empathy
in amyotrophic lateral sclerosis: a behavioural and voxel-
based morphometry study,” Amyotrophic Lateral Sclerosis
and Frontotemporal Degeneration, vol. 15, no. 1–2, pp. 21–
29, 2014.

[140] M. Consonni, E. Catricala, E. Dalla Bella, V. C. Gessa,
G. Lauria, and S. F. Cappa, “Beyond the consensus criteria:
multiple cognitive profiles in amyotrophic lateral sclerosis?,”
Cortex, vol. 81, pp. 162–167, 2016.

[141] A. Girardi, S. E. Macpherson, and S. Abrahams, “Deficits in
emotional and social cognition in amyotrophic lateral sclero-
sis,” Neuropsychology, vol. 25, no. 1, pp. 53–65, 2011.

[142] M. Staios, F. Fisher, A. K. Lindell, B. Ong, J. Howe, and
K. Reardon, “Exploring sarcasm detection in amyotrophic
lateral sclerosis using ecologically valid measures,” Frontiers
in Human Neuroscience, vol. 7, p. 178, 2013.

[143] T. J. Watermeyer, R. G. Brown, K. C. L. Sidle et al., “Executive
dysfunction predicts social cognition impairment in amyo-
trophic lateral sclerosis,” Journal of Neurology, vol. 262,
no. 7, pp. 1681–1690, 2015.

[144] H. E. A. Aho-Özhan, J. Keller, J. Heimrath et al., “Perception
of emotional facial expressions in amyotrophic lateral sclero-
sis (ALS) at behavioural and brain metabolic level,” PLoS
One, vol. 11, no. 10, article e0164655, 2016.

14 Behavioural Neurology



[145] A. Sedda, “Disorders of emotional processing in amyotrophic
lateral sclerosis,” Current Opinion in Neurology, vol. 27, no. 6,
pp. 659–665, 2014.

[146] S. A. Savage, P. Lillo, F. Kumfor, M. C. Kiernan, O. Piguet,
and J. R. Hodges, “Emotion processing deficits distinguish
pure amyotrophic lateral sclerosis from frontotemporal
dementia,” Amyotrophic Lateral Sclerosis and Frontotemporal
Degeneration, vol. 15, no. 1–2, pp. 39–46, 2014.

[147] A. Palmieri, M. Naccarato, S. Abrahams et al., “Right
hemisphere dysfunction and emotional processing in ALS:
an fMRI study,” Journal of Neurology, vol. 257, no. 12,
pp. 1970–1978, 2010.

[148] C. Crespi, C. Cerami, A. Dodich et al., “Microstructural
white matter correlates of emotion recognition impairment
in amyotrophic lateral sclerosis,”Cortex, vol. 53, pp. 1–8, 2014.

[149] E. Bora, M. Walterfang, and D. Velakoulis, “Theory of mind
in behavioural-variant frontotemporal dementia and Alzhei-
mer’s disease: a meta-analysis,” Journal of Neurology, Neuro-
surgery & Psychiatry, vol. 86, no. 7, pp. 714–719, 2015.

[150] E. Bora, D. Velakoulis, and M. Walterfang, “Meta-analysis of
facial emotion recognition in behavioral variant frontotem-
poral dementia: comparison with Alzheimer disease and
healthy controls,” Journal of Geriatric Psychiatry and Neurol-
ogy, vol. 29, no. 4, pp. 205–211, 2016.

[151] E. K. Zimmerman, P. J. Eslinger, Z. Simmons, and A. M.
Barrett, “Emotional perception deficits in amyotrophic lat-
eral sclerosis,” Cognitive and Behavioral Neurology, vol. 20,
no. 2, pp. 79–82, 2007.

[152] B. Papps, S. Abrahams, P. Wicks, P. N. Leigh, and L. H.
Goldstein, “Changes in memory for emotional material in
amyotrophic lateral sclerosis (ALS),” Neuropsychologia,
vol. 43, no. 8, pp. 1107–1114, 2005.

[153] H. Schmolck, D. Mosnik, and P. Schulz, “Rating the
approachability of faces in ALS,” Neurology, vol. 69, no. 24,
pp. 2232–2235, 2007.

[154] Z. C. Gibbons, J. S. Snowden, J. C. Thompson, F. Happé,
A. Richardson, and D. Neary, “Inferring thought and action
in motor neurone disease,” Neuropsychologia, vol. 45, no. 6,
pp. 1196–1207, 2007.

[155] S. L. Meier, A. J. Charleston, and L. J. Tippett, “Cognitive and
behavioural deficits associated with the orbitomedial prefron-
tal cortex in amyotrophic lateral sclerosis,” Brain, vol. 133,
no. 11, pp. 3444–3457, 2010.

[156] T. Burke, M. Elamin, P. Bede et al., “Discordant performance
on the “Reading the Mind in the Eyes” test based on disease
onset in amyotrophic lateral sclerosis,” Amyotrophic Lateral
Sclerosis and Frontotemporal Degeneration, vol. 17, no. 7–8,
pp. 467–472, 2016.

[157] E. J. van der Hulst, T. H. Bak, and S. Abrahams, “Impaired
affective and cognitive theory of mind and behavioural
change in amyotrophic lateral sclerosis,” Journal of Neurol-
ogy, Neurosurgery & psychiatry, vol. 86, no. 11, pp. 1208–
1215, 2015.

[158] H. L. Gallagher and C. D. Frith, “Functional imaging of “the-
ory of mind”,” Trends in Cognitive Sciences, vol. 7, no. 2,
pp. 77–83, 2003.

[159] A. Abu-Akel and S. Shamay-Tsoory, “Neuroanatomical and
neurochemical bases of theory of mind,” Neuropsychologia,
vol. 49, no. 11, pp. 2971–2984, 2011.

[160] F. Filimon, J. D. Nelson, D. J. Hagler, and M. I. Sereno,
“Human cortical representations for reaching: mirror

neurons for execution, observation, and imagery,” Neuro-
image, vol. 37, no. 4, pp. 1315–1328, 2007.

[161] E. C. Wolters, “Non-motor extranigral signs and symptoms
in Parkinson’s disease,” Parkinsonism & Related Disorders,
vol. 15, Supplement 3, pp. S6–12, 2009.

[162] F. E. Pontieri, F. Assogna, A. Stefani et al., “Sad and happy
facial emotion recognition impairment in progressive supra-
nuclear palsy in comparison with Parkinson’s disease,” Par-
kinsonism & Related Disorders, vol. 18, no. 7, pp. 871–875,
2012.

[163] F. Kumfor, L. A. Sapey-Triomphe, C. E. Leyton, J. R. Burrell,
J. R. Hodges, and O. Piguet, “Degradation of emotion
processing ability in corticobasal syndrome and Alzheimer’s
disease,” Brain, vol. 137, no. 11, pp. 3061–3072, 2014.

[164] W. W. Beatty, D. E. Goodkin, W. S. Weir, R. D. Staton,
N. Monson, and P. A. Beatty, “Affective judgments by
patients with Parkinson’s disease or chronic progressive mul-
tiple sclerosis,” Bulletin of the Psychonomic Society, vol. 27,
no. 4, pp. 361–364, 1989.

[165] A. Ariatti, F. Benuzzi, and P. Nichelli, “Recognition of emo-
tions from visual and prosodic cues in Parkinson’s disease,”
Neurological Sciences, vol. 29, no. 4, pp. 219–227, 2008.

[166] L. X. Blonder, R. E. Gur, and R. C. Gur, “The effects of right
and left hemiparkinsonism on prosody,” Brain and Lan-
guage, vol. 36, no. 2, pp. 193–207, 1989.

[167] M. De Risi, G. Di Gennaro, A. Picardi et al., “Facial emotion
decoding in patients with Parkinson’s disease,” The Interna-
tional Journal of Neuroscience, vol. 128, no. 1, pp. 71–78,
2017.

[168] E. Herrera, F. Cuetos, and J. Rodríguez-Ferreiro, “Emotion
recognition impairment in Parkinson’s disease patients with-
out dementia,” Journal of the Neurological Sciences, vol. 310,
no. 1–2, pp. 237–240, 2011.

[169] C. Xi, Y. Zhu, Y. Mu et al., “Theory of mind and decision-
making processes are impaired in Parkinson’s disease,”
Behavioural Brain Research, vol. 279, pp. 226–233, 2015.

[170] R. Adolphs, R. Schul, and D. Tranel, “Intact recognition of
facial emotion in Parkinson’s disease,” Neuropsychology,
vol. 12, no. 2, pp. 253–258, 1998.

[171] J. F. Caekebeke, A. Jennekens-Schinkel, M. E. Van der
Linden, O. J. Buruma, and R. A. Roos, “The interpretation
of dysprosody in patients with Parkinson’s disease,” Journal
of Neurology, Neurosurgery & Psychiatry, vol. 54, no. 2,
pp. 145–148, 1991.

[172] P. Madeley, A. W. Ellis, and R. H. S. Mindham, “Facial
expressions and Parkinson’s disease,” Behavioural Neurology,
vol. 8, no. 2, 119 pages, 1995.

[173] M. D. Pell and C. L. Leonard, “Facial expression decoding in
early Parkinson’s disease,” Cognitive Brain Research, vol. 23,
no. 2–3, pp. 327–340, 2005.

[174] R. Ille, A. Wabnegger, P. Schwingenschuh et al., “Intact emo-
tion recognition and experience but dysfunctional emotion
regulation in idiopathic Parkinson’s disease,” Journal of the
Neurological Sciences, vol. 361, pp. 72–78, 2016.

[175] H. M. Gray and L. Tickle-Degnen, “A meta-analysis of
performance on emotion recognition tasks in Parkinson’s
disease,” Neuropsychology, vol. 24, no. 2, pp. 176–191, 2010.

[176] A. Sedda, S. Petito, M. Guarino, and A. Stracciari, “Identifica-
tion and intensity of disgust: distinguishing visual, linguistic
and facial expressions processing in Parkinson disease,”
Behavioural Brain Research, vol. 330, pp. 30–36, 2017.

15Behavioural Neurology



[177] C. Y. Lin, Y. M. Tien, J. T. Huang, C. H. Tsai, and L. C.
Hsu, “Degraded impairment of emotion recognition in
Parkinson’s disease extends from negative to positive emo-
tions,” Behavioural Neurology, vol. 2016, Article ID
9287092, 8 pages, 2016.

[178] G. Hipp, N. J. Diederich, V. Pieria, and M. Vaillant, “Primary
vision and facial emotion recognition in early Parkinson’s
disease,” Journal of the Neurological Sciences, vol. 338,
no. 1–2, pp. 178–182, 2014.

[179] A. Saenz, A. Doé de Maindreville, A. Henry, S. de Labbey,
S. Bakchine, and N. Ehrlé, “Recognition of facial and musical
emotions in Parkinson’s disease,” European Journal of Neu-
rology, vol. 20, no. 3, pp. 571–577, 2013.

[180] I. Enrici, M. Adenzato, R. B. Ardito et al., “Emotion process-
ing in Parkinson’s disease: a three-level study on recognition,
representation, and regulation,” PLoS One, vol. 10, no. 6, arti-
cle e0131470, 2015.

[181] J. Pietschnig, L. Schröder, I. Ratheiser et al., “Facial emotion
recognition and its relationship to cognition and depressive
symptoms in patients with Parkinson’s disease,” Interna-
tional Psychogeriatrics, vol. 28, no. 7, pp. 1165–1179, 2016.

[182] I. Biseul, P. Sauleau, C. Haegelen et al., “Fear recognition is
impaired by subthalamic nucleus stimulation in Parkinson’s
disease,”Neuropsychologia, vol. 43, no. 7, pp. 1054–1059, 2005.

[183] D. Drapier, J. Péron, E. Leray et al., “Emotion recognition
impairment and apathy after subthalamic nucleus stimula-
tion in Parkinson’s disease have separate neural substrates,”
Neuropsychologia, vol. 46, no. 11, pp. 2796–2801, 2008.

[184] J. Péron, I. Biseul, E. Leray et al., “Subthalamic nucleus stim-
ulation affects fear and sadness recognition in Parkinson’s
disease,” Neuropsychology, vol. 24, no. 1, pp. 1–8, 2010.

[185] F. Le Jeune, J. Péron, I. Biseul et al., “Subthalamic nucleus
stimulation affects orbitofrontal cortex in facial emotion rec-
ognition: a PET study,” Brain, vol. 131, no. 6, pp. 1599–1608,
2008.

[186] R. Adolphs, “Recognizing emotion from facial expressions:
psychological and neurological mechanisms,” Behavioral
and Cognitive Neuroscience Reviews, vol. 1, no. 1, pp. 21–62,
2002.

[187] L. Albuquerque, M. Coelho, M. Martins et al., “STN-DBS
does not change emotion recognition in advanced Parkin-
son’s disease,” Parkinsonism & Related Disorders, vol. 20,
no. 2, pp. 166–169, 2014.

[188] B. C. P. Ghosh, A. J. Calder, P. V. Peers et al., “Social cognitive
deficits and their neural correlates in progressive supranuc-
lear palsy,” Brain, vol. 135, no. 7, pp. 2089–2102, 2012.

[189] B. C. P. Ghosh, J. B. Rowe, A. J. Calder, J. R. Hodges, and T. H.
Bak, “Emotion recognition in progressive supranuclear
palsy,” Journal of Neurology, Neurosurgery & Psychiatry,
vol. 80, no. 10, pp. 1143–1145, 2009.

[190] A. Schrag, C. Selai, J. Davis, A. J. Lees, M. Jahanshahi, and
N. Quinn, “Health-related quality of life in patients with pro-
gressive supranuclear palsy,” Movement Disorders, vol. 18,
no. 12, pp. 1464–1469, 2003.

[191] T. Shany-Ur, P. Poorzand, S. N. Grossman et al., “Compre-
hension of insincere communication in neurodegenerative
disease: lies, sarcasm, and theory of mind,” Cortex, vol. 48,
no. 10, pp. 1329–1341, 2012.

[192] E. Winner, H. Brownell, F. Happe, A. Blum, and D. Pincus,
“Distinguishing lies from jokes: theory of mind deficits and
discourse interpretation in right hemisphere brain-damaged

patients,” Brain and Language, vol. 62, no. 1, pp. 89–106,
1998.

[193] B. M. Kluger and K. M. Heilman, “Dysfunctional facial emo-
tional expression and comprehension in a patient with corti-
cobasal degeneration,” Neurocase, vol. 13, no. 3, pp. 165–168,
2007.

[194] A. Kertesz and P. McMonagle, “Behavior and cognition in
corticobasal degeneration and progressive supranuclear
palsy,” Journal of the Neurological Sciences, vol. 289, no. 1–
2, pp. 138–143, 2010.

[195] M. Poletti, A. Vergallo, M. Ulivi, A. Sonnoli, and
U. Bonuccelli, “Affective theory of mind in patients with Par-
kinson’s disease,” Psychiatry and Clinical Neurosciences,
vol. 67, no. 4, pp. 273–276, 2013.

[196] M. Roca, T. Torralva, E. Gleichgerrcht et al., “Impairments in
social cognition in early medicated and unmedicated Parkin-
son disease,” Cognitive and Behavioral Neurology, vol. 23,
no. 3, pp. 152–158, 2010.

[197] G. Santangelo, C. Vitale, D. Errico, D. Grossi, L. Trojano, and
P. Barone, “Affective theory of mind in patients with Parkin-
son’s disease: comment,” Psychiatry and Clinical Neurosci-
ences, vol. 68, no. 3, p. 242, 2014.

[198] G. Santangelo, C. Vitale, L. Trojano et al., “Neuropsycho-
logical correlates of theory of mind in patients with early
Parkinson’s disease,” Movement Disorders, vol. 27, no. 1,
pp. 98–105, 2012.

[199] J. Péron, S. Vicente, E. Leray et al., “Are dopaminergic
pathways involved in theory of mind? A study in Parkin-
son’s disease,” Neuropsychologia, vol. 47, no. 2, pp. 406–
414, 2009.

[200] R. L. Yu, R. M. Wu, M. J. Chiu, C. H. Tai, C. H. Lin, and M. S.
Hua, “Advanced Theory of Mind in patients at early stage of
Parkinson’s disease,” Parkinsonism & Related Disorders,
vol. 18, no. 1, pp. 21–24, 2012.

[201] M. E. Bodden, B. Mollenhauer, C. Trenkwalder et al.,
“Affective and cognitive Theory of Mind in patients with
Parkinson’s disease,” Parkinsonism & Related Disorders,
vol. 16, no. 7, pp. 466–470, 2010.

[202] E. Bora, M. Walterfang, and D. Velakoulis, “Theory of mind
in Parkinson’s disease: a meta-analysis,” Behavioural Brain
Research, vol. 292, no. 1, pp. 515–520, 2015.

[203] L. Nobis, K. Schindlbeck, F. Ehlen et al., “Theory of mind per-
formance in Parkinson’s disease is associated with motor and
cognitive functions, but not with symptom lateralization,”
Journal of Neural Transmission, vol. 124, no. 9, pp. 1067–
1072, 2017.

[204] A. Costa, A. Peppe, M. Martini et al., “Parkinsonian patients
with deficits in the dysexecutive spectrum are impaired on
theory of mind tasks,” Behavioural Neurology, vol. 27, no. 4,
533 pages, 2013.

[205] A. McKinlay, M. Albicini, and P. S. Kavanagh, “The effect of
cognitive status and visuospatial performance on affective
theory of mind in Parkinson’s disease,” Neuropsychiatric Dis-
ease and Treatment, vol. 9, pp. 1071–1076, 2013.

[206] N. Ibarretxe-Bilbao, C. Junque, E. Tolosa et al., “Neuroan-
atomical correlates of impaired decision-making and facial
emotion recognition in early Parkinson’s disease,” European
Journal of Neuroscience, vol. 30, no. 6, pp. 1162–1171,
2009.

[207] H. C. Baggio, B. Segura, N. Ibarretxe-Bilbao et al., “Structural
correlates of facial emotion recognition deficits in

16 Behavioural Neurology



Parkinson’s disease patients,” Neuropsychologia, vol. 50,
no. 8, pp. 2121–2128, 2012.

[208] G. Robert, F. Le Jeune, T. Dondaine et al., “Apathy and
impaired emotional facial recognition networks overlap in
Parkinson’s disease: a PET study with conjunction analyses,”
Journal of Neurology, Neurosurgery & Psychiatry, vol. 85,
no. 10, pp. 1153–1158, 2014.

[209] A. Wabnegger, R. Ille, P. Schwingenschuh et al., “Facial emo-
tion recognition in Parkinson’s disease: an fMRI investiga-
tion,” PLoS One, vol. 10, no. 8, article e0136110, 2015.

[210] J. Grafman, I. Litvan, C. Gomez, and T. N. Chase, “Frontal
lobe function in progressive supranuclear palsy,” Archives of
Neurology, vol. 47, no. 5, pp. 553–558, 1990.

[211] L. D. Kaat, A. J. W. Boon, W. Kamphorst, R. Ravid, H. J.
Duivenvoorden, and J. C. van Swieten, “Frontal presentation
in progressive supranuclear palsy,” Neurology, vol. 69, no. 8,
pp. 723–729, 2007.

[212] J. Péron, F. Le Jeune, C. Haegelen et al., “Subthalamic nucleus
stimulation affects theory of mind network: a PET study in
Parkinson’s disease,” PLoS One, vol. 5, no. 3, article e9919,
2010.

[213] M. Díez-Cirarda, N. Ojeda, J. Peña et al., “Neuroanatomical
correlates of Theory of Mind deficit in Parkinson’s disease:
a multimodal imaging study,” PLoS One, vol. 10, no. 11,
article e0142234, 2015.

[214] M. Poletti and U. Bonuccelli, “Impairment of affective theory
of mind in corticobasal degeneration,” The Journal of Neuro-
psychiatry and Clinical Neurosciences, vol. 24, no. 1, p. E7,
2012.

[215] G. B. Frisoni, N. C. Fox, C. R. Jack, P. Scheltens, and P. M.
Thompson, “The clinical use of structural MRI in Alzheimer
disease,” Nature Reviews Neurology, vol. 6, no. 2, pp. 67–77,
2010.

[216] F. Kumfor, M. Irish, C. Leyton et al., “Tracking the progres-
sion of social cognition in neurodegenerative disorders,”
Journal of Neurology, Neurosurgery & Psychiatry, vol. 85,
no. 10, pp. 1076–1083, 2014.

[217] A. Dodich, C. Cerami, C. Crespi et al., “Differential impair-
ment of cognitive and affective mentalizing abilities in neuro-
degenerative dementias: evidence from behavioral variant of
frontotemporal dementia, Alzheimer’s disease, and mild cog-
nitive impairment,” Journal of Alzheimer’s Disease, vol. 50,
no. 4, pp. 1011–1022, 2016.

[218] M. Lindau, O. Almkvist, J. Kushi et al., “First symptoms—
frontotemporal dementia versus Alzheimer’s disease,”
Dementia and Geriatric Cognitive Disorders, vol. 11, no. 5,
pp. 286–293, 2000.

[219] J. L. Cummings, M. Mega, K. Gray, S. Rosenberg-Thompson,
D. A. Carusi, and J. Gornbein, “The Neuropsychiatric
Inventory: comprehensive assessment of psychopathology
in dementia,” Neurology, vol. 44, no. 12, pp. 2308–2314,
1994.

[220] J. C. Morris, “The Clinical Dementia Rating (CDR): current
version and scoring rules,” Neurology, vol. 43, no. 11,
pp. 2412–2414, 1993.

[221] H. Kazui, K. Yoshiyama, H. Kanemoto et al., “Differences of
behavioral and psychological symptoms of dementia in dis-
ease severity in four major dementias,” PLoS One, vol. 11,
no. 8, article e0161092, 2016.

[222] R. Ossenkoppele, Y. A. L. Pijnenburg, D. C. Perry et al., “The
behavioural/dysexecutive variant of Alzheimer’s disease:

clinical, neuroimaging and pathological features,” Brain,
vol. 138, no. 9, pp. 2732–2749, 2015.

[223] N. L. Cadieux and K. W. Greve, “Emotion processing in
Alzheimer’s disease,” Journal of the International Neuro-
psychological Society, vol. 3, no. 5, pp. 411–419, 1997.

[224] E. Teng, P. H. Lu, and J. L. Cummings, “Deficits in facial
emotion processing in mild cognitive impairment,”Dementia
and Geriatric Cognitive Disorders, vol. 23, no. 4, pp. 271–279,
2007.

[225] M. S. Albert, C. Cohen, and E. Koff, “Perception of affect in
patients with dementia of the Alzheimer type,” Archives of
Neurology, vol. 48, no. 8, pp. 791–795, 1991.

[226] J. Allender and A. W. Kaszniak, “Processing of emotional
cues in patients with dementia of the Alzheimer’s type,” The
International Journal of Neuroscience, vol. 46, no. 3–4,
pp. 147–155, 1989.

[227] A. Shimokawa, N. Yatomi, S. Anamizu, S. Torii, H. Isono,
and Y. Sugai, “Recognition of facial expressions and emo-
tional situations in patients with dementia of the Alzheimer
and vascular types,” Dementia and Geriatric Cognitive Disor-
ders, vol. 15, no. 3, pp. 163–168, 2003.

[228] H. Burnham and E. Hogervorst, “Recognition of facial
expressions of emotion by patients with dementia of the Alz-
heimer type,” Dementia and Geriatric Cognitive Disorders,
vol. 18, no. 1, pp. 75–79, 2004.

[229] I. Lavenu, F. Pasquier, F. Lebert, H. Petit, and M. v. der
Linden, “Perception of emotion in frontotemporal demen-
tia and Alzheimer disease,” Alzheimer Disease & Associated
Disorders, vol. 13, no. 2, pp. 96–101, 1999.

[230] I. Spoletini, C. Marra, F. D. Iulio et al., “Facial emotion
recognition deficit in amnestic mild cognitive impairment
and Alzheimer disease,” The American Journal of Geriatric
Psychiatry, vol. 16, no. 5, pp. 389–398, 2008.

[231] M. Freedman, M. A. Binns, S. E. Black, C. Murphy, and D. T.
Stuss, “Theory of mind and recognition of facial emotion in
dementia: challenge to current concepts,” Alzheimer Disease
& Associated Disorders, vol. 27, no. 1, pp. 56–61, 2013.

[232] N. Moreau, S. Rauzy, F. Viallet, and M. Champagne-Lavau,
“Theory of mind in Alzheimer disease: evidence of authentic
impairment during social interaction,” Neuropsychology,
vol. 30, no. 3, pp. 312–321, 2016.

[233] S. Ramanan, L. C. de Souza, N. Moreau et al., “Determinants
of theory of mind performance in Alzheimer’s disease: a data-
mining study,” Cortex, vol. 88, pp. 8–18, 2017.

[234] N. Dermody, S. Wong, R. Ahmed, O. Piguet, J. R. Hodges,
and M. Irish, “Uncovering the neural bases of cognitive and
affective empathy deficits in Alzheimer’s disease and the
behavioral-variant of frontotemporal dementia,” Journal of
Alzheimer’s Disease, vol. 53, no. 3, pp. 801–816, 2016.

[235] T. Shany-Ur, N. Lin, H. J. Rosen, M. Sollberger, B. L.
Miller, and K. P. Rankin, “Self-awareness in neurodegenera-
tive disease relies on neural structures mediating reward-
driven attention,” Brain, vol. 137, no. 8, pp. 2368–2381, 2014.

[236] S. L. Valk, B. C. Bernhardt, F. M. Trautwein et al., “Structural
plasticity of the social brain: differential change after socio-
affective and cognitive mental training,” Science Advances,
vol. 3, no. 10, article e1700489, 2017.

[237] C. L. Kempnich, D. Wong, N. Georgiou-Karistianis, and
J. C. Stout, “Feasibility and efficacy of brief computerized
training to improve emotion recognition in premanifest
and early-symptomatic Huntington’s disease,” Journal of

17Behavioural Neurology



the International Neuropsychological Society, vol. 23, no. 4,
pp. 314–321, 2017.

[238] S. Yao, B. Becker, W. Zhao et al., “Oxytocin modulates atten-
tion switching between interoceptive signals and external
social cues,” Neuropsychopharmacology, vol. 43, no. 2,
pp. 294–301, 2017.

[239] M. Fukai, T. Hirosawa, M. Kikuchi et al., “Oxytocin effects
on emotional response to others’ faces via serotonin system in
autism: a pilot study,” Psychiatry Research, vol. 267, pp. 45–
50, 2017.

[240] M. Timmermann, H. Jeung, R. Schmitt et al., “Oxytocin
improves facial emotion recognition in young adults with
antisocial personality disorder,” Psychoneuroendocrinology,
vol. 85, pp. 158–164, 2017.

[241] K. J. Parker, O. Oztan, R. A. Libove et al., “Intranasal oxytocin
treatment for social deficits and biomarkers of response in
children with autism,” Proceedings of the National Academy
of Sciences of the United States of America, vol. 114, no. 30,
pp. 8119–8124, 2017.

[242] P. G. Enticott, H. A. Kennedy, A. Zangen, and P. B. Fitzgerald,
“Deep repetitive transcranial magnetic stimulation associated
with improved social functioning in a young woman with
an autism spectrum disorder,” Journal of Electroconvulsive
Therapy, vol. 27, no. 1, pp. 41–43, 2011.

[243] M. T. Berlim, A. McGirr, M. M. Beaulieu, and G. Turecki,
“Theory of mind in subjects with major depressive disorder:
is it influenced by repetitive transcranial magnetic stimula-
tion?,” World Journal of Biological Psychiatry, vol. 13, no. 6,
pp. 474–479, 2012.

18 Behavioural Neurology



Stem Cells 
International

Hindawi
www.hindawi.com Volume 2018

Hindawi
www.hindawi.com Volume 2018

MEDIATORS
INFLAMMATION

of

Endocrinology
International Journal of

Hindawi
www.hindawi.com Volume 2018

Hindawi
www.hindawi.com Volume 2018

Disease Markers

Hindawi
www.hindawi.com Volume 2018

BioMed 
Research International

Oncology
Journal of

Hindawi
www.hindawi.com Volume 2013

Hindawi
www.hindawi.com Volume 2018

Oxidative Medicine and 
Cellular Longevity

Hindawi
www.hindawi.com Volume 2018

PPAR Research

Hindawi Publishing Corporation 
http://www.hindawi.com Volume 2013
Hindawi
www.hindawi.com

The Scientific 
World Journal

Volume 2018

Immunology Research
Hindawi
www.hindawi.com Volume 2018

Journal of

Obesity
Journal of

Hindawi
www.hindawi.com Volume 2018

Hindawi
www.hindawi.com Volume 2018

 Computational and  
Mathematical Methods 
in Medicine

Hindawi
www.hindawi.com Volume 2018

Behavioural 
Neurology

Ophthalmology
Journal of

Hindawi
www.hindawi.com Volume 2018

Diabetes Research
Journal of

Hindawi
www.hindawi.com Volume 2018

Hindawi
www.hindawi.com Volume 2018

Research and Treatment
AIDS

Hindawi
www.hindawi.com Volume 2018

Gastroenterology 
Research and Practice

Hindawi
www.hindawi.com Volume 2018

Parkinson’s 
Disease

Evidence-Based 
Complementary and
Alternative Medicine

Volume 2018
Hindawi
www.hindawi.com

Submit your manuscripts at
www.hindawi.com

https://www.hindawi.com/journals/sci/
https://www.hindawi.com/journals/mi/
https://www.hindawi.com/journals/ije/
https://www.hindawi.com/journals/dm/
https://www.hindawi.com/journals/bmri/
https://www.hindawi.com/journals/jo/
https://www.hindawi.com/journals/omcl/
https://www.hindawi.com/journals/ppar/
https://www.hindawi.com/journals/tswj/
https://www.hindawi.com/journals/jir/
https://www.hindawi.com/journals/jobe/
https://www.hindawi.com/journals/cmmm/
https://www.hindawi.com/journals/bn/
https://www.hindawi.com/journals/joph/
https://www.hindawi.com/journals/jdr/
https://www.hindawi.com/journals/art/
https://www.hindawi.com/journals/grp/
https://www.hindawi.com/journals/pd/
https://www.hindawi.com/journals/ecam/
https://www.hindawi.com/
https://www.hindawi.com/

