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Abstract

Purpose of review—Neurodegenerative diseases often cause focal damage to brain structures
mediating social cognition and personality, resulting in altered interpersonal communication and
behavior. We review recent research describing this phenomenon in various aspects of social
cognition.

Recent findings—Corresponding to their pervasive socia-emotional deficits, patients with
frontotemporal dementia perform poorly on lab-based tasks including recognizing emotions,
attending to salient information that guides social behavior, representing social knowledge,
comprehending others' mental states, and maintaining insight to their own difficulties. Together
with poor executive and regulation mechanisms, these social cognition deficits ultimately impact
behavior. Patients with logopenic and nonfluent primary progressive aphasia have some deficits
recognizing emotional prosody, while those with the semantic variant show more widespread
deficitsin socia comprehension. While Alzheimer’ s disease patients perform poorly on some
social cognition tasks, thistypically reflects general cognitive impairment, and their real-life social
functioning is less affected than in diseases targeting frontotemporal structures. Studies in motor
diseases such as Parkinson’ s suggest some degradation of emotion recognition and social
comprehension which should be investigated further.

Summary—We summarize recent findings concerning perception and evaluation of
socioemotional information, social knowledge storage and access, advanced information
processing mechanisms, and behavioral response selection and regulation across various
neurodegenerative diseases.
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Introduction

“Social cognition” is comprised of many psychological processes that enable an individual

to participate in social interactions[1]. These include perceiving and recognizing social and
emotional signals, evaluating the personal emotional relevance of everyday information,
maintaining and accessing common socia knowledge (e.g., horms), processing higher-order
information about beliefs and intentions, and generating and selecting behavioral responses
[2,3]. These processes are selectively vulnerable in certain neurodegenerative diseases with
prominent altered personality and social behavior, including behavioral variant
frontotemporal dementia (bvFTD) [4] and right temporal disease, variably diagnosed [5] as a
variant of bvFTD or semantic variant primary progressive aphasia (SvPPA) [6]. In
Alzheimer’ s disease (AD), conversely, social cognition is relatively spared. This review will
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summarize recent studies characterizing these changes and their neural correlatesin
neurodegenerative disease patients, organized by social- cognitive mechanism.

Perception of social and emotional signals

Some neurodegenerative disease patients develop deficitsin the initial stages of social
perception, misperceiving socially relevant visual or auditory cues, which leadsto
distortionsin their downstream processing and response to these signals. Domain-specific
social perception in the visual modality has been primarily studied using photos of facial
emotions. While previous research has demonstrated impaired face perception and facial
emotion recognition in patients with frontal and temporal variants of frontotemporal lobar
degeneration (FTLD) compared with healthy controls (NC), arecent study used voxel based
morphometry (VBM) to directly link these deficits with grey matter volume (GM) in FTLD
patients. Right anterior fusiform gyrus volume predicted face perception deficits,
corresponding to well-documented evidence for the fusiform face area’ s function, and insula
volume directly corresponded with patients' ability to read angry faces[7]. bvFTD patients
also perform worse than controls on a more demanding task requiring them to determine
people' s social emotions based on photographs of the eye area of the face [8]. When patients
were asked to continuously track shifting emotionsin dynamically changing facial stimuli,
those with FTLD, AD, corticobasal syndrome (CBS) and progressive supranuclear palsy
(PSP) showed asimilar level of impairment, and poor scores related to GM loss in right
lateral orbitofrontal cortex (OFC), suggesting this region may be involved in adapting
behavior in response to changing perceptua input [9]. Impaired emotion recognition
correlates with GM in bilateral OFC in Parkinson’s disease (PD) patients as well [10].
Recent large studies of Huntington’s disease (HD) patients have convincingly established
that they areimpaired in recognizing facial emotions, particularly anger [11], disgust, and
fear [12,13], and that these deficits relate to reduced cingulate volume [14].

While decreased recognition of static emotions has often been reported in AD patients [15—
17], these studies either did not control for patients' general cognitive impairment [17], or
reported that emotion labeling was predicted by executive functions (EF) and MM SE scores
[16]. Variable resultsin such studies over the past decade suggest that AD patients’ failure
on tests measuring facial emotion identification may often reflect general cognitive or
perceptual impairment rather than afocal emotion processing deficit. Additionally, though
bvFTD patients have poor recognition of eye gaze direction, thisisintact in AD [17]. Some
studies have found that AD patients’ ahility to recognize emotions displayed in more
ecologically realistic, dynamic modalities does not differ from that of NCs [18]. Recent
evidence from studies of atered intrinsic connectivity in the brains of AD patients suggests
emotion sensitivity may actually be preserved or even heightened in AD as aresult of
increased salience network tone corresponding to decreased default mode network activity
[19]. Alteration in AD patients’ emotion sensitivity may also reflect an exaggeration of
normal aging processes, in which visually-presented emotional information shifts from
primarily medial temporal processing to reliance on a more widespread fronto-insular
network [20]. Although decreased visual perception of social signalsin AD patients with
posterior cortical atrophy may not cause real-life social behavior deficits[3], recent data
suggest that these patients' poor emotion recognition on testing correlates with lower self-
ratings of quality of life[16]. Similar to the findingsin AD, emotion identification deficitsin
PSP patients were not related to a specific face perception deficit but rather to general
cognitive impairment [21].

With regard to auditory signal perception, primarily progressive aphasia (PPA) patients of

both nonfluent (i.e., left frontal-opercular) and logopenic (left angular gyrus) subtypes show
particularly poor emotion recognition from vocal prosody relative to reading facial
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emotions. Processing of emotional voice prosody correlates with volume in a network of
frontal, temporal, limbic and parietal regionsin these patients [22]. svPPA and bvFTD
patients have difficulty identifying emotionsin music, a deficit which correlates with GM
lossin insula, OFC, anterior cingulate cortex (ACC) and media prefrontal cortex (PFC), as
well as regions in the temporal and parietal cortices, amygdala and subcortical mesolimbic
system [23]. svPPA patients also have impaired comprehension of sarcasm based
specifically on (primarily vocal) paralinguistic cues [24]. Additionally, HD patients show
poor recognition of negative [12] aswell as positive [25] vocal emotional signals. In
contrast, AD patients' ability to read emotions in both voice prosody and music is preserved
[26]. Unlike FTLD patients, whose social perception in auditory modalities appears
compromised, patients with AD may compensate for visual-based emotion recognition
deficits with intact perception of auditory-based emotional signals, leading to preserved
ability to recognize emotions presented in arealistically multimodal manner [18]. Thisis
consistent with the hypothesis that when a social situation is perceived through multiple
input channels, it can elicit the same experience even when some of the bottom-up signals
are degraded [27].

Evaluating personal relevance of social and emotional signals

Most of the socia behavioral deficitsin bvFTD occur when these patients sustain selective
degeneration of amygdala, insula, ACC, and OFC. Recent research shows this decimates a
specific intrinsic functional network that acts in healthy adultsto filter environmental input,
rapidly identifying personally salient social signalsthat will be the target of sustained
attention and higher-level processing [3,28]. Neuroimaging demonstrates decreased intrinsic
connectivity in this “salience network” among bvFTD patients [19]. A direct consequence of
damage to this network may be that bvFTD patients lose the capacity to balance reward and
punishment signals, resulting in decreased sensitivity to the negative consequences of their
social decisions [29]. For instance, bvFTD patients tend to judge negatively-valenced social
norm violations as more acceptable than NCs do, even though the bvFTD patients could still
accurately judge neutral situations or norm violations with a positive valence, a pattern
associated with ventral PFC atrophy [30]. bvFTD patients may also show new-onset
pathological gambling, attributed to decreased sensitivity to possible negative outcomes of
risky acts [31], potentially due to lack of emotional arousal in response to punishment
signals that normally guide behavior [32]. Accordingly, while NCs benefit from feedback
and learn to make long-term advantageous financia choices on gambling tasks, bvFTD
patients continue to make disadvantageous decisions [8]. Case illustrations show that bvFTD
patients are predisposed to criminal violations, even in the context of intact knowledge of
social rules, particularly when they have right anterior temporal hypometabolism [33].
Decreased attention to salient social signals might also explain some patients' interpersonal
deficits. In astudy using eye gaze to indicate where people direct attention in an
interpersonal situation, researchers quantified shared eye gaze exhibited by participants with
bvFTD, svPPA, AD, or older controls during conversations with their partners. bvFTD
patients spent less time attending to their partners’ eyes than NCs did, svPPA patients had
more shared eye gaze than NCs, and ADs did not differ from NCs[34]. Altogether, these
data suggest that many of the behavioral symptomsin bvFTD may result from failure to
correctly identify social and emotional signals from their environment with a potential
reward or punishment value, which normally help people avoid negative social outcomes.

Social knowledge awareness

Acquired social knowledge, in the form of sociolinguistic concepts, behavioral norms, and
schemas of common social events, is essential for knowing how to behave in a social setting.
Social semantic knowledge is at least partly mediated by the superior anterior temporal lobes
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[35,36] and socia schemas are accessed viathe medial prefrontal cortex [27]. bvFTD
patients, particularly those with right lateral anterior temporal damage, have a specific
semantic deficit for social concepts [37]. Though studies show bvFTD patients make
unusual judgments about the acceptability of social behaviors [30,38], it is unclear whether
degradation of social semantic knowledge or diminished access to this knowledge prevents
them from making correct decisions involving norm violations. In contrast, AD patients
make socia decisions similar to those made by NC and MCI participants, suggesting their
access to social knowledge may be preserved [39].

Higher-order social information processing

Once socia and emotional input has undergone basic perceptual processing, assuming that
social knowledge isrelatively intact, more advanced cognitive mechanisms are often
required to perform higher-order analysis, which can be impacted by various
neurodegenerative diseases [40]. One such complex social cognitive processis theory of
mind (ToM), which allows accurate representation of one's own and others' beliefs,
opinions, and emotions, often relying on aform of mental “time travel” in which past
experiences are used to predict others' future social behavior and read their intentions. A
decade of studies has demonstrated that bvFTD patients have difficulties with all aspects of
ToM, exhibiting poor performance on tests of first- and second-order false belief, ToM
cartoons and stories, faux pas comprehension, and reading social emotions based on
photographs of eyes. Moreover, these ToM deficits remain after accounting for patients' EF
deficits [41]. A recent study found that these ToM deficits caused bvFTD patients to
misinterpret insincere speech (sarcasm and lies) despite normal comprehension of sincere
speech. PSP patients had difficulties representing others' verbalized opinions and
comprehending their intentions. AD patients, conversely, did not display deficits when
controlling for their cognitive deficits (Shany-Ur et a., submitted). This pattern holdstruein
other studies of ToM in AD, in which patients’ performance on simple “false belief” ToM
tasks remains intact, while they perform poorly on more complex ToM tasks such as second-
order false belief stories and reading people's eyes for socia emotions. However, their
deficits correlate with poor memory and EF, particularly abstract reasoning and inferential
reasoning [42], thus may simply be a byproduct of general cognitive deficits rather than a
focal, domain-specific deficit likein bvFTD. However, the default mode network is
involved in ToM processing [43], and is vulnerablein AD [19], suggesting closer
investigation of ToM in AD may be required. ToM impairments have also recently been
demonstrated in early PD [44], though their deficit has not yet been clearly characterized
[45]. HD patients also show deficits on both cognitive and emotional ToM tests[12,46],
though it remains unclear whether these deficits result from executive dysfunction [46] or
remain after accounting for intellectual and executive functioning [47].

Personal moral reasoning is another higher-order social-cognitive process that shares
mechanisms with ToM. While moral reasoning is complex and depends in part on accessing
social rules, personal mora decisionmaking requires predicting others' emotions and
weighing the socia consequences of potential choicesin amoral dilemma. Though their
decisionsin impersonal mora dilemmas are normal, bvFTD patients tend to make more
utilitarian decisions than ADs or NCs in response to personal, emotionally loaded moral
dilemmas [38], and this deficit correlates with poorer emotional ToM [48], suggesting alink
between personal moral reasoning and empathy.

While ToM is primarily conceptualized as the ability to accurately represent others
thoughts and emotions, it overlaps with the ability to have insight into one's own mental and
emotional state. Patients with bvFTD, svPPA, AD, CBS and PSP have higher levels of
alexithymia than healthy older adults, i.e., they have trouble identifying and describing their
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feelings. Alexithymia correlates with right pregenual ACC, temporal, and parietal volumein
older NCs[49]. Similarly, inaccurate appraisal of one’s abilities (anosognosia) in
neurodegenerative patients correlates with right ventral PFC volume, suggesting that
diminished emotional reaction in response to signals of poor performance (e.g., errors) may
contribute to impoverished self-awareness [50].

Behavioral response selection, regulation, and personality

Perhaps the best indicator of intact social cognition is the ability to enact an appropriate
behavioral response to a socia situation, which involves both selecting an effective behavior
and performing it in an appropriately moderated manner. These processes depend in part
upon executive control and top-down regulation [51]. Habitual patterns of social behavior
are known as personality traits, and recent research has quantified these traitsin
neurodegenerative disease patients in order to identify their anatomic and clinical correlates.
For instance, compared to their premorbid functioning, patients with both bvFTD and
svPPA become less warm, agreeable, open to new experiences, dominant, and extraverted as
their disease progresses, while AD patients primarily show progressive decreases in social
dominance [52,53]. While warmth [54] and emotional empathy [51] are primarily related to
right medial temporal regions and do not covary with EF in patients [55], traits such as
dominance and cognitive empathy rely to a greater degree on frontal regions and EF
capacities [51]. Together, anatomic studies suggest that personality changesin
neurodegenerative disease patients result from imbalance across networks of frontal and
temporal structures, in which specific traits emerge from complex functional patterns
involving both preserved and damaged regions [53,54]. The relationship between social
behavior and EF was further elucidated in a study demonstrating that while patients’ degree
of socio-emotional disinhibition was predicted by primarily right OFC thickness, their
cognitive control was mediated by separate dorsolateral PFC structures [56].

An effective social response often requires regulation and modulation of the initial
emotional reaction. A recent study induced a startle response in patients with AD and FTLD
and controls to examine their spontaneous emotion regulation. When subjects were not
warned that a startling stimulus would occur, all groups showed a similar immediate
emotional reaction on their faces; however, when forewarned, FTLDs showed less
regulation of immediate emotional expression than ADs or NCs, suggesting less
spontaneous self-monitoring. Finally, when forewarned and explicitly asked to down-
regulate their facial response, both FTLD and AD patients showed less regulation of their
emotional reaction than NCs. The authors hypothesized this pattern may reflect aloss of top-
down executive regulation in AD but decreased monitoring of bottom-up emotional signals
in FTLD [57]. Similarly, another study showed that increased neuroticism in FTLD, which
reflects impaired emotional regulation, is correlated to GM lossin OFC and ACC regions
[53]. Finally, PSP patients may show disinhibited socia behavior aswell, presumed to
reflect executive impairment [58].

Summary and Conclusions

Whileit iswell-known that bvFTD patients exhibit extensive real-life social dysfunction,
recent studies have elucidated the underlying social cognitive deficits, including impaired
recognition of primary emotiona signals, decreased attention to relevant “warning signs’
about potential negative consegquences, decreased social knowledge, and inability to
represent their own and others’ perspectives and emotions. These social cognitive

impai rments combine with a dysexecutive syndrome and poor emotional and behavioral
regulation to result in aberrant behavior. New research clarifying social cognition deficitsin
other patients with neurodegenerative syndromes have revealed that IvVPPA and nfPPA
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patients have selective deficits reading emotion from vocal prosody, while svPPA patients
demonstrate more widespread deficitsin social comprehension. Recent research has aso
shown that while AD patients may fail tests of social cognition, this often occurs as a result
of general cognitive deficits, but that these patients have very few focal deficitsin social
cognition, and may actually develop a paradoxically heightened sense of social and
emotional salience leading to temporarily increased socia sensitivity. Studies also suggest
that HD and PD patients have impairments in recognizing emotional signals, though studies
of advanced social-cognitive processing in these and other motor-disordered patients are still
needed.
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Key Points

Recent studies have begun to more precisely link the socioemotional changesin
neurodegenerative diseases with specific neuroanatomic structures and
networks, particularly in the medial temporal, medial frontal, and ventral frontal
regions.

bvFTD patients show early, focal deficitsin most aspects of social cognition,
while patients with AD and other neurodegenerative diseases often fail social
cognition tests due to general cognitive decline, showing relative preservation of
specific socioemotional functions until late in their disease.

Aphasia patients such as those with IvVPPA and nfPPA evidence focal deficitsin
aspects of social perception relating to language systems, such as decoding
emotional prosody, while svPPA patients show more widespread alteration of
social cognition and behavior.

Recent large-scal e studies have confirmed that HD patients show altered
emotion recognition and regulation, and new research suggests they may also
have theory of mind deficits.

Some focal deficitsin social cognition may occur in patients with other
neurodegenerative diseases traditionally viewed as primary motor disorders,
such as PD and PSP, but additional investigation of this phenomenon is needed.
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