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a b s t r a c t

Lack of empathy and emotional disturbances are prominent clinical features of Huntington's disease
(HD). While emotion recognition impairments in HD patients are well established, there are no ex-
perimental designs assessing empathy in this population. The present study seeks to cover such a gap in
the literature. Eighteen manifest HD patients, 19 first-degree asymptomatic relatives, and 36 healthy
control participants completed two emotion-recognition tasks with different levels of contextual de-
pendence. They were also evaluated with an empathy-for-pain task tapping the perception of intentional
and accidental harm. Moreover, we explored potential associations among empathy, emotion recogni-
tion, and other relevant factors – e.g., executive functions (EF). The results showed that both HD patients
and asymptomatic relatives are impaired in the recognition of negative emotions from isolated faces.
However, their performance in emotion recognition was normal in the presence of contextual cues. HD
patients also showed subtle empathy impairments. There were no significant correlations between EF,
empathy, and emotion recognition measures in either HD patients or relatives. In controls, EF was po-
sitively correlated with emotion recognition. Furthermore, emotion recognition was positively correlated
with the performance in the empathy task. Our findings highlight the preserved cognitive abilities in HD
families when using more ecological tasks displaying emotional expressions in the context in which they
typically appear. Moreover, our results suggest that emotion recognition impairments may constitute a
potential biomarker of HD onset and progression. These results contribute to the understanding of
emotion recognition and empathy deficits observed in HD and have important theoretical and clinical
implications.

& 2015 Elsevier Ltd. All rights reserved.
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1. Introduction

Huntington's disease (HD) is an autosomal dominant neuro-
degenerative disorder caused by an expanded CAG repeat on
chromosome 4 (Conneally, 1984), classically characterized by a
triad of symptoms including cognitive, motor, and behavioral ab-
normalities, and associated with neuronal loss within corticos-
triatal circuits (Lawrence et al., 1998). Neuropathological and
neuroimaging studies (Della Nave et al., 2010; Muhlau et al., 2007;
Nopoulos et al., 2010) have revealed selective gray matter atrophy
in HD, with the earliest changes progressing from the dorsolateral
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to the ventromedial portions of the neostriatum. Furthermore, the
cerebral cortex is selectively affected with early involvement of the
operculum. Subsequently, progressive atrophy involves the insula,
primary sensory, motor, and visual cortices, and then the primary
auditory cortex. Finally, atrophy extends to the entorhinal cortex
and higher order cortical regions. Importantly, structural and
functional abnormalities in the basal ganglia and the insula
(Hennenlotter et al., 2004; Ille et al., 2011; Kipps et al., 2007) as
well as in the frontostriatal pathways (Joel, 2001) have been as-
sociated with social cognition impairments in HD.

HD patients are typically impaired in their social functioning,
partly due to emotional disturbances and lack of empathy (Kirk-
wood et al., 2001; Snowden et al., 2003). While emotion re-
cognition impairments are well documented in HD patients
(Henley et al., 2012; Johnson et al., 2007; Mitchell et al., 2005;
Trinkler et al., 2013), only one study (Trinkler et al., 2013) has
assessed empathy in these individuals and none has assessed this
domain in first-degree relatives. This comes as a surprise, since
lack of empathy is a prominent clinical feature of HD (Bodden
et al., 2010; Kirkwood et al., 2001; Williams et al., 2009).

To cover such a gap, this study evaluated the performance of
HD patients and first-degree asymptomatic relatives on empathy
and emotion recognition tasks with different levels of contextual
dependence. Moreover, we explored potential associations among
empathy, emotion recognition, and other relevant factors – e.g.,
executive functions (EF).

Emotion recognition is essential for successful social interac-
tion. Neuroanatomically, this process has been linked to regions in
the temporal lobe, such as the fusiform gyrus, together with a
network involving amygdala, orbitofrontal cortex, and cingulate
structures (Adolphs, 2001). However, dissociations in the re-
cognition of different facial expressions (e.g. Blair et al., 1999;
Lawrence et al., 2007; Williams et al., 2009) suggest that different
neural systems are specialized, at least in part, for the recognition
of particular emotions. For instance, the amygdala appears to link
perceptual representations to cognition and behavior on the basis
of the emotional value of the stimuli (Adolphs, 2001). Thus, it
appears to be involved in processing the emotional salience of
both positive and negative stimuli, with a special role in coding
signals of fear (Adolphs, 2001; Britton et al., 2006). The recognition
of sadness expressions has been particularly associated with the
right inferior and middle temporal gyrus (Blair et al., 1999; Rosen
et al., 2006), while disgust recognition has been linked to the in-
sula and the basal ganglia (Adolphs, 2002; Calder et al., 2000;
Couto et al., 2013; Ibanez et al., 2010; Wang et al., 2003).

Emotion recognition has been systematically studied in HD. In
manifest HD patients, anger recognition appears to be most con-
sistently impaired, closely followed by recognition of disgust and
fear (Aviezer et al., 2009; Henley et al., 2012; Milders et al., 2003;
Montagne et al., 2006; Snowden et al., 2008). On the contrary,
recognition of other emotions, such as happiness, sadness, or
surprise, is rarely affected (Calder et al., 2010; Hayes et al., 2009).
Some studies on pre-manifest HD (Gray et al., 1997; Hennenlotter
et al., 2004; Sprengelmeyer et al., 2006) have reported a selective
deficit in disgust recognition, whereas others (Johnson et al., 2007;
Tabrizi et al., 2009) have found impairments across negative
emotions. These findings and those of large longitudinal studies
(Paulsen et al., 2006; Tabrizi et al., 2009) suggest that emotion
recognition might be a sensitive biomarker of disease onset and
progression in HD.

Most of the studies investigating facial emotion recognition in
HD have relied on tasks involving isolated faces. However, real-life
facial expressions are typically embedded in a rich, informative
context. Recent reports (Barrett and Kensinger, 2010; Barrett et al.,
2007; Van den Stock et al., 2007) have shown that facial expres-
sion recognition is a context-sensitive process. Visual scenes,
voices, bodies, other faces, and even words influence how an
emotion is perceived in a face (Barrett et al., 2011). Indeed, under
certain conditions, context can modify the emotional category
recognized in basic facial expressions (Aviezer et al., 2008). These
findings notwithstanding, only one study (Aviezer et al., 2009) has
assessed the recognition of facial expressions embedded within an
emotional body and scene context in HD mutation carriers. This
study showed that HD patients display relatively preserved pro-
cessing of facial expressions when these are embedded in a given
context. However, one limitation of this work concerns the em-
ployment of static, as opposed to dynamic stimuli. In this sense,
the use of dynamic stimuli to assess facial emotion recognition in
HD may provide a more realistic and sensitive measure, as these
more closely resemble the moving faces encountered in everyday
life (Mendoza et al., 2011; Russell et al., 2007; Schaefer et al.,
2010).

Unlike emotion recognition, empathy has been scarcely studied
in patients with HD. Empathy comprises the capacity to share and
understand the subjective experience of others in reference to
oneself (Decety, 2011). This complex construct involves (1) affec-
tive components: sharing and responding to the emotional ex-
perience of others (Decety and Jackson, 2004), which facilitates
somatic, sensory, and motor representation of other people's
mental states (Nummenmaa et al., 2008); (2) cognitive compo-
nents: understanding the intentions and internal mental states of
others (Blair, 2005); and (3) aspects related to the moral evalua-
tion: judging the actions of a perpetrator or the punishment de-
served (Decety and Jackson, 2004; Decety et al., 2012).

Only one study in HD patients (Trinkler et al., 2013) has as-
sessed empathy, evidencing normal scores in self-report ques-
tionnaires. Here we implemented a novel paradigm with natur-
alistic stimuli that measures empathy for others' physical pain.
This type of paradigm has been widely used due to the robustness
of pain in inducing empathic responses (Bernhardt and Singer,
2012), and the well characterized neural circuit of empathy
(Akitsuki and Decety, 2009). Neuroimaging studies on empathy for
pain have systematically evidenced a neural network that is im-
plicated in the experience of physical pain, and involved in the
perception or imagination of another individual in pain (Jackson
et al., 2006; Melloni et al., 2014). This neural network includes the
supplementary motor area, the anterior cingulate cortex, the
amygdala, and the anterior insula extending into the inferior
frontal gyrus (Bernhardt and Singer, 2012; Decety et al., 2012;
Singer and Lamm, 2009).

We employed an adaptation of an empathy for pain task (EPT)
previously validated with behavioral measures, eye-tracking and
fMRI (Decety et al., 2012). This adapted version has been used in
the assessment of other neuropsychiatric populations (Baez et al.,
2012, 2013, 2014; Baez and Ibanez, 2014; Sedeno et al., 2014). The
task evaluates empathy in the context of intentional/accidental
harms, and consists of three different scenarios: (1) intentional or
(2) accidental harms in which one person is in a painful situation
intentionally or accidentally caused by another, and (3) neutral or
control situations. The EPT evaluates the following components:
(A) comprehension of the accidental or deliberate nature of the
action and the intention of the perpetrator to hurt (cognitive
components); (B) the empathic concern, the degree of discomfort
for the victim, and the valence behavior of the active performer
(affective components); and (C) the correctness of the action and
the punishment for the perpetrator (moral aspects). Note that the
cognitive components of empathy assessed in this study have been
associated to theory of mind (ToM) (Blair, 2005; Zaki and Ochsner,
2012; Ibanez et al., 2013), a fundamental ability to empathize with
others by considering their mental states. Impairments in this
ability have also been reported in HD patients. These individuals
show a tendency to draw faulty inferences from social situations,
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and are impaired in both affective and cognitive aspects of ToM
(Brüne et al., 2011; Eddy et al., 2012; Snowden et al., 2003).

Emotion processing and empathy are two interrelated phe-
nomena (Schipper and Petermann, 2013; Singer, 2006). Empathy
and ToM are positively correlated with recognition of facial emo-
tion expressions (Besel and Yuille, 2010; Ibanez et al., 2014). Fur-
thermore, neuroimaging studies (Hooker et al., 2008; Singer,
2006) have shown that these different domains share similar
processes and depend on the activation of common brain regions.
Nevertheless, the relationship between emotion recognition and
empathy has not yet been explored in HD patients or relatives.

In sum, emotion recognition and empathy are two important
social cognition domains affected in HD (Kirkwood et al., 2001;
Snowden et al., 2003). Both are highly context-dependent phe-
nomena (Ibanez and Manes, 2012; Melloni et al., 2014), but none
of them has been extensively studied through context-rich tasks.
Moreover, there are no studies exploring the relationship between
emotion recognition and empathy in HD.

Based on existing information, the present study assessed the
performance of manifest HD patients as well as first-degree
asymptomatic relatives on emotion recognition and empathy
tasks. We included two emotion recognition tasks with different
levels of contextual dependence and involvement of real-life sce-
narios. We also used an ecologically valid task tapping empathy for
pain. Furthermore, we examined the relationship between emo-
tion recognition and empathy. Finally, since social cognition skills
have been linked to EF (Decety, 2011; Pessoa, 2011), we explored
the association between executive processing and empathy/emo-
tion recognition measures. Two main hypotheses guided this
study. Given that emotion recognition may be a sensitive marker
of HD (Henley et al., 2012), we hypothesized that emotion re-
cognition would be impaired in both HD patients and asympto-
matic relatives, though these deficits would not be related to the
contextual cues processing. As an open hypothesis, we
Table 1
Demographic, clinical and executive functions assessments.

HDPs (n¼18) HDPs CTR (n¼18) H
Mean (SD) Mean (SD) M

Demographics
Age (years) 43.8 (10.3) 43.2 (10.5) N
Gender (F:M) 6:12 7:11 N
Education (years) 9.5 (5.0) 10.1 (4.2) N
Intellectual level 89.1 (8.4) 90.2 (11.4) N

Clinical assessment
UHDRS 20.5 (8.6)
HDFCS 11.8 (1.5)
BDI-II 11.7 (8.4) 4.3 (2.0) 0
HAM-A 7.2 (3.3) 1.8 (1.2) 0

Cognitive assessment
MOCA total score 24.9 (2.6) 27.7 (1.4) 0
IFS total score 19.6 (4.6) 23.6 (1.5) 0
Motor series 2.5 (0.7) 2.8 (0.3) N
Conflicting instructions 2.1 (1.1) 2.8 (0.3) 0
Go-no go 1.7 (1.0) 2.6 (0.6) 0
Backward digits span 2.9 (0.8) 3.1 (0.7) N
Verbal working memory 1.7 (0.5) 2.0 (0.0) 0
Spatial working memory 1.3 (1.3) 2.0 (0.5) N
Abstraction capacity 2.1 (0.9) 2.6 (0.4) 0
Verbal inhibitory control 5.1 (1.3) 5.5 (0.7) N
Stroop test (W) 65.3 (24.5) 84.0 (15.3) 0
Stroop test (C) 48.0 (23.5) 63.0 (10.4) 0
Stroop test (W/C) 24.6 (17.8) 31.7(12.1) N
Similarities subtest 18.0 (2.7) 18.2 (4.4) N

HDPs¼Huntington's disease patients; ARs¼asymptomatic relatives; UHDRS¼unified
II¼Beck Depression Inventory-II; HAM-A¼Hamilton anxiety rating scale; IFS¼ INECO fr
investigated whether different empathy aspects are affected in HD
patients and relatives, and whether lack of empathy may also
constitute a marker of HD vulnerability.
2. Materials and methods

2.1. Participants

Seventy-three subjects participated in the present study. The
first group consisted of 18 symptomatic patients genetically and
clinically diagnosed with HD. A second group consisted of 19 re-
latives (descendants or siblings) of individuals in the HD group.
They did not present any HD symptoms, and had not been diag-
nosed with HD or other neuropsychiatric diseases. This sample of
relatives did not receive genetic testing.

Both groups underwent a neurological examination and were
assessed using the Unified Huntington's Disease Rating Scale
(UHDRS) (Siesling et al., 1998). In addition, HD patients were as-
sessed with the Total Functional Capacity Scale (HDFCS) (Shoulson
and Fahn, 1979) (see Table 1). Patients and relatives live in the
small rural town of Juan de Acosta, Colombia, a region character-
ized by having the second largest concentration of individuals
with HD worldwide (Kargieman et al., 2014). This population also
features a large number of families with individuals affected by HD
with complete penetrance, and also displays high levels of
anticipation.

Thirteen of the patients (72.23%) received no pharmacologic
treatment. Five patients (27.77%) were taken antidepressants an-
tipsychotics or/and Tetrabenzine. Patients and relatives had no
history of other major neurological illness, psychiatric disorders, or
alcohol/drug abuse.

Two control groups were recruited from the same geographical
region. Each group consisted of 18 healthy participants matched
DPs vs CTR ARs (n¼19) ARs CTR (n¼18) ARs vs CTR
ean (SD) Mean (SD) Mean (SD) Mean (SD)

S 29.2 (9.6) 29.5 (10.2) NS
S 13:6 12:6 NS
S 11.5 (2.6) 11.4 (2.6) NS
S 89.5 (11.1) 92.9 (8.6) NS

0.2 (0.4)

.001 4.05 (3.0) 4.2 (1.6) NS

.00 3.3 (1.6) 1.5 (1.2) 0.003

.003 27.7 (1.4) 29.2 (1.2) 0.001

.001 23.9 (1.9) 26.0 (2.0) 0.003
S 2.8 (0.3) 3.0 (0.0) NS
.01 2.8 (0.3) 2.9 (0.2) NS
.006 2.6 (0.5) 2.7 (0.4) NS
S 3.2 (0.8) 4.0 (1.1) 0.01
.04 2.0 (0.0) 1.9 (0.2) NS
S 2.1 (0.6) 3.1 (0.8) 0.003
.03 2.6 (0.4) 2.6 (0.4) NS
S 5.5 (0.7) 5.4 (0.9) NS
.01 84.3 (14.9) 91.8 (7.9) NS
.01 62.6 (10.2) 62.9 (12.5) NS
S 31.5 (11.8) 38.7 (14.2) NS
S 18.1 (4.3) 19.3 (3.2) NS

Huntington's Disease Rating Scale; HDFCS¼total functional capacity scale; BDI-
ontal screening; W¼word; C¼color, W/C¼word/color.
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by age, gender, years of education and intellectual level with the
HD patients and the relatives. Control subjects did not have a
history of alcohol/drug abuse or history of neurodegenerative or
psychiatric disorders. All participants provided written informed
consent in agreement with the Helsinki declaration. The Ethics
Committees of the Institute of Cognitive Neurology and the Car-
ibbean Autonomous University approved this study (resolution 59-
A).

2.2. Instruments

2.2.1. Emotion recognition
2.2.1.1. Emotional morphing. Emotional morphing is a facial ex-
pression recognition task featuring six basic emotions (happiness,
surprise, sadness, fear, anger, and disgust) taken from the Pictures
of Affect Series (Ekman and Friesen, 1976). The pictures have been
morphed for each prototype emotion and for a neutral state
(Young et al., 1997). Facial morphing is generated by taking a
variable percentage of the shape and texture differences between
the two standard images: 0% (neutral) and 100% (full emotion) in
5% steps (500 ms for each image). The 48 morphed facial stimuli
were randomly presented on a computer screen until the patient
indicated a response on the keyboard. Participants were asked to
respond as soon as they recognized the facial expression, and then
to identify the facial expression from a forced choice-list of six
options. This task measures the accuracy of emotion recognition
and reaction times (RTs).

2.2.1.2. The Awareness of Social Inference Test (TASIT). TASIT is a
sensitive test of social perception developed for studies on neu-
ropsychiatry and comprises videotaped vignettes of everyday so-
cial interactions (Kipps et al., 2009; McDonald et al., 2006, 2003).
We considered only part 1, called the Emotion Evaluation Test
(EET), which assesses recognition of spontaneous emotional ex-
pression (fearful, surprised, sad, angry, and disgusted). In the EET,
emotional meaning is indicated by speaker demeanor (voice, facial
expression, and gesture) together with the social situation. This
task introduces contextual cues (e.g., prosody, facial movement,
and gestures) and additional processing demands (e.g., adequate
speed of information processing, selective attention, and social
reasoning) which are absent when viewing static displays. The
brief EET comprises a series of 20 short (15–60 s) videotaped
vignettes of trained professional actors interacting in everyday
situations. In some scenes, there is only one actor talking, who is
either on the telephone or talking directly to the camera. Other
scenes depict two actors and instructions are given to focus on one
of them. All scripts are neutral in content and do not lend them-
selves to any particular emotion. After viewing each scene, the
participant is instructed to choose from a forced-choice list the
emotion expressed by the focused actor.

2.2.2. Empathy
2.2.2.1. Empathy for Pain Task (EPT). We used an EPT previously
employed in assessing other neuropsychiatric populations (Baez
et al., 2012, 2013, 2014; Sedeno et al., 2014). This task evaluates
empathy for pain in the context of intentional and accidental
harm, as well as control situations and consists of a successive
presentation of 24 animated situations with two persons (Decety
et al., 2012). Three kinds of situations are depicted: (a) intentional
pain, in which a passive performer is in a painful situation because
of an active performer’s deliberate action – e.g., stepping purpo-
sely on someone's toe; (b) accidental pain, where one person is in
a painful situation accidentally caused by another one; and
(c) control or neutral situations – e.g., one person receiving a
flower from another. Importantly, participants were not shown the
protagonists' faces or their emotional reactions.
Participants were instructed to press a button as soon as they
understood the situation. We assessed replies to 7 questions about
the following qualities: intentionality (the accidental or deliberate
nature of the action); empathic concern (how sad participants feel
for the passive performer); degree of discomfort (for the passive
performer); intention to hurt (how bad the active performer's in-
tent was); the valence behavior (happiness) of the active performer
(how much positive emotion he/she felt in performing the action);
correctness of the action (moral judgment); and, finally, punish-
ment (how much penalty this action deserves). Each question was
answered using a computer-based visual analog scale giving
7 different pain ratings by trial. Accuracy, RTs, and ratings were
measured.

2.2.3. Clinical and cognitive assessments
All participants completed a series of psychiatric ques-

tionnaires to establish a clinical symptom profile. Depression rates
were obtained through the Beck Depression Inventory-II (Beck
et al., 1996), while anxiety symptoms were assessed with the
Hamilton anxiety rating scale (HAM-A) (Hamilton, 1959).

Additionally, participants were evaluated with the Wechsler
Abbreviated Scale of Intelligence (WASI). This test includes voca-
bulary and similarities subtests and provides a verbal estimated IQ
(Weschler, 1999). The participants' general cognitive state was
assessed using the Montreal Cognitive Assessment (MOCA) (Nas-
reddine et al., 2005).

All participants were also evaluated with the INECO Frontal
Screening (IFS) (Torralva et al., 2009), which has been shown to
successfully detect executive dysfunction (Gleichgerrcht et al.,
2011; Torralva et al., 2009). This test includes the following eight
subtests: (1) motor programming (Luria series, “fist, edge, palm”);
(2) conflicting instructions (subjects are asked to hit the table once
when the administrator hits it twice, or vice versa); (3) motor
inhibitory control; (4) numerical working memory (backward digit
span); (5) verbal working memory (months backwards); (6) spa-
tial working memory (modified Corsi tapping test); (7) abstraction
capacity (inferring the meaning of proverbs), and (8) verbal in-
hibitory control (modified Hayling test). The maximum possible
score on the IFS is 30 points. In addition, the WAIS-III similarities
subtest (Wechsler, 1997) was used to evaluate abstract thinking,
and the Stroop test (Treisman and Fearnley, 1969) provided further
data on the participants' mental speed, selective attention, and
inhibitory control.

2.3. Data analysis

All statistical analyses compared the HD patients and relatives
groups with their respective control groups. Demographic and
neuropsychological data were compared between groups using
ANOVA and Tukey's HSD post-hoc tests. Chi square tests were
applied to analyze categorical variables (gender). Emotion re-
cognition data were analyzed using repeated-measures ANOVA,
considering group and emotion as factors. We used Tukey's HSD
post-hoc tests (when appropriate) to examine group differences
within each emotion. The ratings and RTs for each question of the
EPT were analyzed using a 2�3 repeated-measures ANOVA
comprising the factors of group and condition (intentional, acci-
dental, neutral). Tukey's HSD post-hoc tests were used (when
appropriate) to examine group differences within each condition.

To control for the influence of clinical symptoms (depression
and anxiety) or cognitive state on social cognition tasks, we ap-
plied ANCOVA tests adjusted for BDI-II, HAM-A, and total MOCA
scores. We report only effects that were still significant after
covariation. In addition, we performed Pearson's correlations to
examine the associations between (a) emotion recognition and
empathy, and (b) EF scores and emotion recognition/empathy



Fig. 1. Comparisons between groups on emotional processing tasks. Asterisk (n) indicates significant differences.
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tasks. For correlation analyses, both control groups were pooled
together. The significance of all correlations has been corrected for
multiple comparisons using the Sidak method. The adjusted α
level after correction was set at 0.001 for emotion recognition and
empathy correlations, and 0.003 for the other correlations. The α
value for all other statistical tests was set at 0.05.
3. Results

3.1. Demographic data

There were no significant differences between HD patients and
controls in terms of age (F(1,34)¼0.030, p¼0.86), education level
(F(1,34)¼0.15, p¼0.69), gender (X2(1)¼0.00, p¼1.00), or in-
tellectual level (F(1,34)¼0.004, p¼0.94). Similarly, relatives and
their controls presented no significant differences in age (F(1,35)¼
Fig. 2. Comparisons between groups on the empathy for pain task. NS¼neutral situat
indicates significant differences.
0.005, p¼0.94), education level (F(1,35)¼0.008, p¼0.94), gender
(X2(1)¼0.012, p¼0.90), or intellectual level (F(1,35¼1.80),
p¼0.18). Descriptive data are provided in Table 1.

3.2. Emotion recognition

Fig. 1 shows comparisons between groups on emotional pro-
cessing tasks. All results are reported after covariation with re-
levant variables (see Section 2.3).

3.2.1. Emotional morphing
3.2.1.1. HD patients. The analysis of the accuracy on the emotional
morphing task revealed a significant interaction between group
and emotion (F(5,170)¼10.71, po0.0000001). A post-hoc analysis
(Tukey HSD, MS¼0.05, df¼119.32) revealed that HD patients were
less accurate than controls in recognizing emotions of disgust
(p¼0.0001) and fear (p¼0.006).
ions, IPS¼ intentional pain situations, APS¼accidental pain situations. Asterisk (n)
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In addition, the analysis of the RT showed a significant inter-
action between group and emotion (F(5,170¼23.12),
po0.0000001). A post-hoc analysis (Tukey HSD, MS¼1394,
df¼43.70) showed that HD patients had significantly slower RTs
than controls for the emotions of disgust (p¼0.0003), anger
(p¼0.004), surprise (p¼0.004), and sadness (p¼0.0003).

3.2.1.2. Relatives. The analysis of the accuracy revealed a sig-
nificant interaction between group and emotion (F(5,175)¼5.23,
p¼0.0001). A post-hoc analysis (Tukey HSD, MS¼0.03,
df¼205.01) evidenced that relatives had difficulties in recognizing
expressions of disgust (p¼0.00003). No RT significant differences
were observed between the groups.

3.2.2. TASIT
3.2.2.1. HD patients. No differences between HD patients and
controls were observed on the TASIT total score (F(1,31)¼2.01,
p¼0.16). The per-category analysis did not reveal a significant
interaction between group and emotion (F(4,136)¼1.53, p¼0.19).

3.2.2.2. Relatives. No differences between relatives and controls
were observed on the TASIT total score (F(1,32)¼1.54, p¼0.22).
The per-category analysis showed no significant interaction (F
(4,140)¼1.46, p¼0.21) between group and emotion.

3.3. Empathy

Fig. 2 shows comparisons between groups on the EPT.

3.3.1. HD patients
Regarding intentionality comprehension, a significant interac-

tion between group and condition (F(2,68)¼7.03, p¼0.001) were
observed. A post-hoc analysis (Tukey HSD, MS¼574.84,
df¼101.60) revealed that HD patients had significantly poorer
comprehension of neutral (p¼0.03) and accidental (p¼0.001) si-
tuations. Moreover, a significant interaction between group and
condition was observed in discomfort ratings (F(2,68)¼4.12,
p¼0.02). A post-hoc analysis (Tukey HSD, MS¼16.79, df¼68.33)
showed that HD patients (p¼0.02) had higher ratings than con-
trols for neutral situations. A significant interaction between group
and condition was also found in ratings of intention to hurt (F
(2,68)¼8.40, p¼0.0005). According to the post-hoc analysis (Tu-
key HSD, MS¼13.25, df¼79.91), HD patients rated neutral
(p¼0.0001) and accidental (p¼0.0001) situations significantly
higher than controls. Finally, a significant interaction between
group and condition was observed in punishment ratings (F
(2,68)¼9.53, p¼0.0002). A post-hoc analysis (Tukey HSD,
MS¼17.14, df¼77.75) showed that HD patients rated neutral
(p¼0.0001) and accidental (p¼0.006) pain situations higher than
controls.

Regarding RTs, a significant interaction between group and
condition was found in terms of intentionality inference (F(2,68)¼
6.83, p¼0.001). A post-hoc analysis (Tukey HSD, MS¼252E4,
df¼83.82) revealed that HD patients took significantly longer to
infer the intentionality of neutral situations (p¼0.0001).

3.3.2. Relatives
No differences between relatives and controls were observed in

empathy ratings or RTs.

3.4. Clinical and neuropsychological assessments

3.4.1. HD patients
HD patients had higher levels of anxiety than controls (F

(1,34)¼40.13, po0.0000001), as measured by the HAM-A. In ad-
dition, HD patients showed higher levels of depression symptoms
(F(1,34)¼12.73, p¼0.001).
Also, relative to controls, HD patients had significantly lower

total scores on the MOCA (F(1,34)¼15.94, p¼0.0003) and the IFS
(F(1,34)¼12.05, p¼0.001). A detailed comparison of performance
on the eight IFS subtests indicated that HD patients exhibited
deficits in verbal working memory (F(1,34)¼4.20, p¼0.04), con-
flictive instructions (F(1,34)¼6.57, p¼0.01), motor inhibitory
control (F(1,34)¼8.36, p¼0.006), and abstraction capacity (F
(1,34)¼4.77, p¼0.03). In addition, HD patients obtained lower
scores than controls in the word (F(1,34)¼7.42, p¼0.01) and color
naming (F(1,34)¼6.09, p¼0.01) conditions of the Stroop test.
However, no differences were observed in the word/color condi-
tion (F(1,34)¼1.9, p¼0.16) or the similarities subtest (F(1,34)¼
0.01, p¼0.89). See Table 1 for further details.

3.4.2. Relatives
Relatives showed higher levels of anxiety than their controls (F

(1,35)¼15.92, p¼0.0003). However, the groups had comparable
BDI-II total scores (F(1,35)¼0.84, p¼0.77).

Relative to controls, relatives obtained lower total scores on the
MOCA (F(1,35)¼11.36, p¼0.001) and the IFS (F(1,35)¼9.67,
p¼0.003). A detailed analysis of performance on the eight IFS
subtests revealed impaired verbal working memory in relatives (F
(1,35)¼6.39, p¼0.01). No differences between groups were ob-
served in the word (F(1,35)¼3.61, p¼0.06), color (F(1,35)¼0.06,
p¼0.93) or word/color (F(1,35)¼2.80, p¼0.10) conditions of the
Stroop test. Both groups also performed similarly on the simila-
rities subtest (F(1,35)¼1.02, p¼0.31). See Table 1 for further
details.

3.5. The relationship between emotion recognition and empathy

No significant correlations between emotion recognition and
empathy were found in either HD patients or relatives. In controls,
anger recognition (TASIT) was positively correlated with the in-
ference of the intentionality of accidental pain situations (r¼0.55,
po0.0000001), and negatively correlated with discomfort ratings
for neutral situations (r¼�0.57, po0.0000001).

3.6. Associations between EF, emotion recognition, and empathy
measures

EF, emotion recognition, and empathy measures were not sig-
nificantly correlated in either HD patients or relatives. In controls,
executive functioning (IFS total score) was positively correlated
with recognition of spontaneous emotional expression (TASIT total
score) (r¼0.58, po0.0000001) and with fear recognition in the
emotional morphing task (r¼0.52, p¼0.001). Also, the controls'
performance on the similarities subtest showed a positive corre-
lation with the TASIT total score (r¼0.51, p¼0.002).
4. Discussion

This is the first study on emotion recognition and empathy in
HD patients and relatives. We included two emotion recognition
tasks with different levels of contextual dependence and in-
volvement of real-life scenarios. We also used an empathy for pain
paradigm which requires contextual appraisal to infer intentions
and provide empathy responses. Furthermore, we examined the
relationship between EF, empathy, and emotion recognition
measures.

Overall, our results showed that both HD patients and relatives
were impaired in recognizing negative emotions, as assessed only
by decontextualized tasks (faces alone). Regarding empathy,
comprehension of the intentionality of others' actions was
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compromised only in HD patients. Likewise, discomfort, intention
to hurt, and punishment ratings for neutral and accidental
pain situations were abnormal only in HD patients. Moreover,
there were no significant correlations between EF, empathy, and
emotion recognition measures in HD patients or relatives. These
findings highlight the preserved cognitive abilities in HD families
when using more ecological tasks displaying emotional expres-
sions in the context in which they typically appear. Empathy def-
icits (related to intentionality identification) seem to be evident
only after the disease is manifest. Finally, our results suggest that
specific emotion recognition impairments may be considered a
potential biomarker in HD.

4.1. The performance of HD patients and relatives on emotion re-
cognition and empathy tasks

Using the (decontextualized) emotional morphing task, we
replicated well-documented (Aviezer et al., 2009; Henley et al.,
2012; Milders et al., 2003; Montagne et al., 2006; Snowden et al.,
2008) fear and disgust recognition impairments in patients with
manifest HD. For their own part, relatives exhibited a selective
impairment in disgust recognition, which is in line with previous
reports of individuals with pre-manifest HD (Gray et al., 1997;
Hennenlotter et al., 2004; Sprengelmeyer et al., 2006).

Both HD patients and relatives showed a normal performance
on the TASIT. This context-rich test taps inference of emotional
states through the integration of face, prosody, gesture, and social
context cues (Kipps et al., 2009; McDonald et al., 2006, 2003;
Sparks et al., 2010). Previous studies (Baez et al., 2013; McDonald
et al., 2003) showed that contextual cues in the TASIT normally
assist healthy individuals to more accurately identify emotional
expressions. Our findings suggest that these contextual cues also
improve emotion recognition in HD patients and relatives. These
results are consistent with those of the only study assessing con-
text-based face recognition in HD mutation carriers (Aviezer et al.,
2009). Taken together, the evidence suggests that HD patients and
relatives are impaired in recognizing negative emotions from
isolated faces, but that, as is the case with healthy subjects, the
presence of contextual information improves their performance.

Regarding empathy, only HD patients exhibited deficits in dis-
tinguishing accidental and neutral from intentional
pain situations. This finding may be related to two factors. First,
empathy for pain is a contextual phenomenon affected by stimulus
ambiguity (Melloni et al., 2014). Accidental and neutral situations,
in particular, are less clear and explicit than intentional ones, in-
creasing the level of ambiguity and the cognitive demands to in-
terpret the action’s intentionality. Second, previous studies have
shown that HD patients (Bodden et al., 2010; Brüne et al., 2011;
Eddy et al., 2012) exhibited deficits in ToM, the ability to infer the
beliefs, intentions, and emotions of others (Baron-Cohen et al.,
1985). ToM impairments may affect the capacity of HD patients to
accurately infer the intentionality of others’ actions in the context
of more ambiguous scenarios. Furthermore, our results are con-
sistent with those of a fMRI study (Saft et al., 2013) showing no
differences between pre-manifest mutation carriers and healthy
controls regarding the behavioral performance on a ToM task and
the activation of the mentalizing network. This suggest that ToM
impairments emerge with the clinical manifestation of the disease,
but is not necessarily part of the pre-manifest stage.

In addition, relative to controls, HD patients gave higher dis-
comfort, intention to hurt, and punishment ratings for neutral and
accidental pain situations. Intentionality detection is crucial to
determine how wrong an action is and how severe a punishment
the perpetrator deserves (Decety et al., 2012). Previous results
(Akitsuki and Decety, 2009; Decety et al., 2012) showed that em-
pathic ratings of healthy participants are higher for intentional
than accidental pain. Nonetheless, HD patients presented the exact
opposite pattern, which suggests that their empathic ratings re-
flect their difficulties to distinguish accidental and neutral situa-
tions from intentional ones.

In brief, our results showed that more fundamental aspects of
empathy, such as empathic concern, are preserved in both patients
and relatives. However, some aspects of empathy related with
intentionality detection are affected in the former group. These
results suggest that individuals with HD do not exhibit a primary
loss of empathic concern, but rather subtle impairments that may
be explained by the tendency to misinterpret the intentionality of
others' actions. These findings are consistent with previous evi-
dence (Trinkler et al., 2013) showing that HD patients perform
normally in affective or core dimensions of empathy, as measured
by self-report questionnaires. Further studies should address the
qualitative characteristics of performance in experimental and
real-life social situations to better characterize the basis of em-
pathy impairments in HD.

4.2. Emotion recognition as a potential biomarker of HD

Both HD patients and relatives evidenced impairments in re-
cognizing negative facial expressions. However, only HD patients
exhibited empathy deficits. Thus, although both emotion re-
cognition difficulties and lack of empathy are evident in the daily
life of HD patients (Kirkwood et al., 2001; Snowden et al., 2003),
only facial expression recognition deficits might be a potentially
useful biomarker of HD onset and vulnerability due to two main
reasons. First, unlike empathy, emotion recognition is system-
atically impaired in both HD manifest patients (Aviezer et al.,
2009; Henley et al., 2012; Milders et al., 2003; Montagne et al.,
2006; Snowden et al., 2008) and pre-manifest mutation carriers
(Henley et al., 2008; Johnson et al., 2007; Tabrizi et al., 2009).
Second, large longitudinal studies in pre-manifest mutation car-
riers and patients with the disease (Langbehn et al., 2010; Tabrizi
et al., 2009) have shown that emotion recognition is a sensitive
measure in distinguishing individuals according to time to pre-
dicted disease onset.

Specifically, our results showed that HD patients had deficits in
recognizing fear and disgust expressions, whereas relatives
showed deficits in disgust recognition only. Dissociations in the
recognition of different facial expressions (e.g. Blair et al., 1999;
Lawrence et al., 2007) suggest that different neural systems are
(partly) specialized for the recognition of particular emotions. For
instance, the recognition of fearful expressions has been critically
associated with the amygdala (Adolphs, 2001; Britton et al., 2006)
as well as the insula and the striatum (Phillips et al., 1997; Weniger
and Irle, 2002; Whalen et al., 1998). Disgust recognition has also
been linked to the insula and the basal ganglia (Adolphs, 2002;
Calder et al., 2000; Couto et al., 2013; Ibanez et al., 2010; Wang
et al., 2003). These structures are compromised in individuals with
manifest (Fennema-Notestine et al., 2004; Kassubek et al., 2004)
and pre-manifest HD (Kipps et al., 2007; van den Bogaard et al.,
2011). Indeed, previous structural imaging studies in HD patients
show that the identification of disgust (Ille et al., 2011) and fear
(Henley et al., 2008) is associated with atrophy of the insula and
the striatum. Disgust recognition is also related to gray matter
volume of the insula in pre-manifest HD patients (Kipps et al.,
2007). In line with this evidence, our results suggest that HD
particularly compromises the recognition of negative emotions,
such as disgust and fear, which may be related to damage to the
insula and basal ganglia. In addition, our findings support the
notion that emotion-specific recognition deficits may vary across
disease stages, with a selective deficit for disgust in asymptomatic
stages and an expansion to other negative emotions as the disease
progresses (Johnson et al., 2007).
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These differential patterns of emotion recognition and empathy
impairments in HD patients and relatives may be explained by the
development of atrophy and brain dysfunction in HD. Brain
structures associated with disgust and fear recognition are da-
maged very early in HD, several years before the onset of symp-
toms (Nopoulos et al., 2010; Thieben et al., 2002). However, re-
gions implicated in empathy for pain – e.g., supplementary motor
area, anterior cingulate cortex, and amygdala (Decety et al., 2012;
Singer and Lamm, 2009) – are compromised later or even pre-
served (except the insula) (Della Nave et al., 2010; Fennema-No-
testine et al., 2004; Muhlau et al., 2007). Thus, early involvement
of the basal ganglia and insula may account for the disgust re-
cognition impairments observed in relatives. The more subtle
deficits in empathy could be related to early involvement of the
insula, subsequent atrophy of the motor cortices, and better pre-
servation of the anterior cingulate cortex and the amygdala (Ayl-
ward et al., 2011; Della Nave et al., 2010). This explanation should
be tested in longitudinal studies including genetic, neuroimaging,
and behavioral measures of emotion recognition, and empathy.

Our results support the previous suggestion (Paulsen et al.,
2006; Tabrizi et al., 2009) that deficits in emotion recognition
might be a biomarker of disease onset and progression in HD. The
relatives assessed here represent a group with vulnerability to HD
or some unspecific related deficits (Panegyres and Goh, 2011).
Although this group would include both HD gene carriers and
non-carriers, its performance in recognizing disgust facial ex-
pressions was significantly lower than controls, which suggests
that even non-carriers may have selective emotion recognition
impairments. Our data are consistent with previous studies in HD
reporting emotion recognition deficits without clinical motor signs
(Henley et al., 2008; Tabrizi et al., 2009), and with findings of fa-
milial vulnerability factors even in the absence of HD mutation
(Dorsey, 2012; Kargieman et al., 2014; Markianos et al., 2008).
Although the probability of being a non-manifest carrier is 50%, all
participants of this group were subclinical and even non-carriers
can present vulnerability factors. Thus, two levels of vulnerability
(one represented by gene carrier relatives with subclinical mani-
festations, and other by non-carrier relatives with diffuse vulner-
ability factors), seem to explain these impairments.

4.3. Dissociation between EF, emotion recognition, and empathy in
HD

In line with a previous report (Besel and Yuille, 2010), our
healthy controls showed a correlation between emotion recogni-
tion accuracy (TASIT total score) and performance on the empathy
task. However, no significant associations were found in HD pa-
tients or relatives. In HD, then, emotion recognition and empathy
may be differentially affected in a relatively independent way.

Also, our results are consistent with previous reports of ex-
ecutive deficits in HD patients (Lawrence et al., 1998; Lemiere
et al., 2004) and pre-symptomatic individuals (Lemiere et al.,
2004; O’Rourke et al., 2011). In controls, EFs were positively cor-
related with the TASIT total score and fear recognition in the
emotional morphing task. This supports previous descriptions of
relationships between EFs and emotion processing (Pessoa, 2011;
Singer, 2006). However, EFs were not related to emotion re-
cognition in HD patients or relatives. In sum, this pattern re-
inforces the claim that although both domains are affected in
these populations, they are mutually independent.

4.4. Limitations and further directions

Some limitations must be acknowledged in this explorative study.
First, the relatives assessed here did not receive genetic testing. Thus, it
may have included both genetic pre-symptomatic individuals and
healthy relatives without HD genetic heredity. Nevertheless, biological
(Markianos et al., 2008), clinical (Dorsey, 2012; Robins Wahlin et al.,
2000), and cognitive (Giordani et al., 1995; Kargieman et al., 2014)
factors of familial vulnerability have been reported irrespective of
whether the first-degree relatives are HD mutation carriers or not.
Moreover, it has been shown (Giordani et al., 1995) that healthy in-
dividuals at risk for HD, regardless of their HD gene status, have a low
performance in some neuropsychological measures compared to
normal controls. Consistent with recent work (Kargieman et al., 2014),
our results showed that although the relatives group assessed here
might include both HD gene carriers and non-carriers, its performance
in some neuropsychological and emotion recognition tests was sig-
nificantly poorer than that of controls. The relatives who participated
in this study represent a vulnerability group at risk of developing HD.
Assessing these individuals is important to understand the nature of
HD and identify potential biomarkers. Future studies should further
assess the empathy and emotion recognition abilities of first-degree
relatives with and without the HD mutation.

In addition, our results suggest that emotion recognition im-
pairments may be considered as a potential biomarker of HD onset
and progression. However, to establish whether this marker is
truly associated with linear progression, large-scale longitudinal
studies are required (Weir et al., 2011). Moreover, some of our HD
patients received medication, which might potentially influence
cognitive and social cognition performance.
5. Conclusions

Our results showed that HD patients and relatives were im-
paired in recognizing isolated face emotions but performed similar
to controls in emotional tasks including contextual information.
From a theoretical perspective, such a pattern supports the re-
cently proposed social context network model (SCNM) (Ibanez and
Manes, 2012). For the SCNM, contextual effects on social cognitive
processing depend on a fronto-temporal cortical network which
(1) updates contextual cues and uses them to make predictions
(frontal areas, such as the orbitofrontal cortex, lateral prefrontal
cortex, and superior orbital sulcus), and (2) consolidates context-
social target associative learning (temporal regions, namely
amygdala, hippocampus, perirhinal and parahippocampal cor-
tices). In HD, brain damage is most severe in the striatum and its
cortico-subcortical connections (Nopoulos et al., 2010), whereas
the prefrontal and medial temporal cortices remain largely un-
changed (Della Nave et al., 2010; Muhlau et al., 2007; Nopoulos
et al., 2010). In SCNM terms, normal performance in HD patients
and relatives during cued face emotion recognition may result
from the relative preservation of this cortical fronto-temporal
network, at least in early-middle stages. In addition, our HD pa-
tients showed subtle impairments in aspects of empathy related
with the inference of the intentionality of others' actions.

From a clinical perspective, our results highlight the im-
portance of identifying changes that occur before the appearance
of motor symptoms in order to develop early intervention strate-
gies. In addition, the finding that emotion recognition improves
with the use of contextual cues opens new possibilities for HD
treatment. The challenge for intervention programs is to develop
strategies for improving emotion recognition through verbal,
bodily, and contextual cues rather than isolated facial expressions.
It is necessary to increase our understanding of the genetic, neu-
roanatomical, and cognitive mechanisms for impaired emotion
recognition and empathy in HD patients and pre-symptomatic
individuals. Further research may lead to better clinical predictions
and tools to compensate for the prevalent social functioning def-
icits of these populations.



S. Baez et al. / Neuropsychologia 68 (2015) 158–167166
Conflict of interest

Authors declare no conflict of interest.
Acknowledgments

This research was partially supported by grants CONICYT/
FONDECYT Regular (1130920 and 1140114), Foncyt-PICT 2012-
0412 and 2012-1309, CONICET and INECO Foundation.
References

Adolphs, R., 2001. The neurobiology of social cognition. Curr. Opin. Neurobiol. 11,
231–239.

Adolphs, R., 2002. Neural systems for recognizing emotion. Curr. Opin. Neurobiol.
12, 169–177.

Akitsuki, Y., Decety, J., 2009. Social context and perceived agency affects empathy
for pain: an event-related fMRI investigation. NeuroImage 47, 722–734.

Aviezer, H., Bentin, S., Hassin, R.R., Meschino, W.S., Kennedy, J., Grewal, S., Esmail, S.,
Cohen, S., Moscovitch, M., 2009. Not on the face alone: perception of con-
textualized face expressions in Huntington's disease. Brain 132, 1633–1644.

Aviezer, H., Hassin, R.R., Ryan, J., Grady, C., Susskind, J., Anderson, A., Moscovitch,
M., Bentin, S., 2008. Angry, disgusted, or afraid? Studies on the malleability of
emotion perception. Psychol. Sci. 19, 724–732.

Aylward, E.H., Nopoulos, P.C., Ross, C.A., Langbehn, D.R., Pierson, R.K., Mills, J.A.,
Johnson, H.J., Magnotta, V.A., Juhl, A.R., Paulsen, J.S., 2011. Longitudinal change
in regional brain volumes in prodromal Huntington disease. J. Neurol. Neuro-
surg. Psychiatry 82, 405–410.

Baez, S., Herrera, E., Villarin, L., Theil, D., Gonzalez-Gadea, M.L., Gomez, P., Mos-
quera, M., Huepe, D., Strejilevich, S., Vigliecca, N.S., Matthaus, F., Decety, J.,
Manes, F., Ibanez, A.M., 2013. Contextual social cognition impairments in
schizophrenia and bipolar disorder. PLoS One 8, e57664.

Baez, S., Ibanez, A., 2014. The effects of context processing on social cognition
impairments in adults with Asperger's syndrome. Front. Neurosci. 8, 270.

Baez, S., Manes, F., Huepe, D., Torralva, T., Fiorentino, N., Richter, F., Huepe-Artigas,
D., Ferrari, J., Montanes, P., Reyes, P., Matallana, D., Vigliecca, N.S., Decety, J.,
Ibanez, A., 2014. Primary empathy deficits in frontotemporal dementia. Front.
Aging Neurosci. 6, 262.

Baez, S., Rattazzi, A., Gonzalez-Gadea, M.L., Torralva, T., Vigliecca, N.S., Decety, J.,
Manes, F., Ibanez, A., 2012. Integrating intention and context: assessing social
cognition in adults with Asperger syndrome. Front. Hum. Neurosci. 6, 302.

Baron-Cohen, S., Leslie, A.M., Frith, U., 1985. Does the autistic child have a “theory of
mind”? Cognition 21, 37–46.

Barrett, L.F., Kensinger, E.A., 2010. Context is routinely encoded during emotion
perception. Psychol. Sci. 21, 595–599.

Barrett, L.F., Lindquist, K.A., Gendron, M., 2007. Language as context for the per-
ception of emotion. Trends Cogn. Sci. 11, 327–332.

Barrett, L.F., Mesquita, B., Gendron, M., 2011. Context in emotion perception. Curr.
Dir. Psychol. Sci. 20, 286–290.

Beck, A., Brown, G., Steer, R., 1996. Manual for the Beck Depression Inventory-II. The
Psychological Corporation, San Antonio.

Bernhardt, B.C., Singer, T., 2012. The neural basis of empathy. Annu. Rev. Neurosci.
35, 1–23.

Besel, L., Yuille, J., 2010. Individual differences in empathy: the role of facial ex-
pression recognition. Personal. Individ. Differ. 49, 107–112.

Blair, R.J., Morris, J.S., Frith, C.D., Perrett, D.I., Dolan, R.J., 1999. Dissociable neural
responses to facial expressions of sadness and anger. Brain 122 (Pt 5), 883–893.

Blair, R.J., 2005. Responding to the emotions of others: dissociating forms of em-
pathy through the study of typical and psychiatric populations. Conscious.
Cognit. 14, 698–718.

Bodden, M.E., Dodel, R., Kalbe, E., 2010. Theory of mind in Parkinson's disease and
related basal ganglia disorders: a systematic review. Mov. Disord. 25, 13–27.

Britton, J.C., Phan, K.L., Taylor, S.F., Welsh, R.C., Berridge, K.C., Liberzon, I., 2006.
Neural correlates of social and nonsocial emotions: an fMRI study. NeuroImage
31, 397–409.

Brüne, M., Blank, K., Witthaus, H., Saft, C., 2011. “Theory of mind” is impaired in
Huntington’s disease. Mov. Disord. 26, 671–678.

Calder, A.J., Keane, J., Manes, F., Antoun, N., Young, A.W., 2000. Impaired recognition
and experience of disgust following brain injury. Nat. Neurosci. 3, 1077–1078.

Calder, A.J., Keane, J., Young, A.W., Lawrence, A.D., Mason, S., Barker, R.A., 2010. The
relation between anger and different forms of disgust: implications for emotion
recognition impairments in Huntington's disease. Neuropsychologia 48,
2719–2729.

Conneally, P.M., 1984. Huntington disease: genetics and epidemiology. Am. J. Hum.
Genet. 36, 506–526.

Couto, B., Sedeno, L., Sposato, L.A., Sigman, M., Riccio, P.M., Salles, A., Lopez, V.,
Schroeder, J., Manes, F., Ibanez, A., 2013. Insular networks for emotional pro-
cessing and social cognition: comparison of two case reports with either cor-
tical or subcortical involvement. Cortex 49, 1420–1434.
Decety, J., 2011. The neuroevolution of empathy. Ann. N. Y. Acad. Sci. 1231, 35–45.
Decety, J., Jackson, P.L., 2004. The functional architecture of human empathy. Behav.

Cogn. Neurosci. Rev. 3, 71–100.
Decety, J., Michalska, K.J., Kinzler, K.D., 2012. The contribution of emotion and

cognition to moral sensitivity: a neurodevelopmental study. Cereb. Cortex 22,
209–220.

Della Nave, R., Ginestroni, A., Tessa, C., Giannelli, M., Piacentini, S., Filippi, M.,
Mascalchi, M., 2010. Regional distribution and clinical correlates of white
matter structural damage in Huntington disease: a tract-based spatial statistics
study. Am. J. Neuroradiol. 31, 1675–1681.

Dorsey, E., 2012. Characterization of a large group of individuals with Huntington
disease and their relatives enrolled in the COHORT study. PLoS One 7, e29522.

Eddy, C.M., Sira Mahalingappa, S., Rickards, H.E., 2012. Is Huntington's disease as-
sociated with deficits in theory of mind? Acta Neurol. Scand. 126, 376–383.

Ekman, P., Friesen, E., 1976. Pictures of facial affects. Consulting Psychologists Press,
Palo Alto, CA.

Fennema-Notestine, C., Archibald, S.L., Jacobson, M.W., Corey-Bloom, J., Paulsen, J.S.,
Peavy, G.M., Gamst, A.C., Hamilton, J.M., Salmon, D.P., Jernigan, T.L., 2004. In
vivo evidence of cerebellar atrophy and cerebral white matter loss in Hun-
tington disease. Neurology 63, 989–995.

Giordani, B., Berent, S., Boivin, M.J., Penney, J.B., Lehtinen, S., Markel, D.S., Hol-
lingsworth, Z., Butterbaugh, G., Hichwa, R.D., Gusella, J.F., et al., 1995. Long-
itudinal neuropsychological and genetic linkage analysis of persons at risk for
Huntington's disease. Arch. Neurol. 52, 59–64.

Gleichgerrcht, E., Roca, M., Manes, F., Torralva, T., 2011. Comparing the clinical
usefulness of the Institute of Cognitive Neurology (INECO) Frontal Screening
(IFS) and the Frontal Assessment Battery (FAB) in frontotemporal dementia. J.
Clin. Exp. Neuropsychol. 33, 997–1004.

Gray, J.M., Young, A.W., Barker, W.A., Curtis, A., Gibson, D., 1997. Impaired re-
cognition of disgust in Huntington's disease gene carriers. Brain 120 (Pt 11),
2029–2038.

Hamilton, M., 1959. The assessment of anxiety states by rating. Br. J. Med. Psychol.
32, 50–55.

Hayes, C.J., Stevenson, R.J., Coltheart, M., 2009. The processing of emotion in pa-
tients with Huntington's disease: variability and differential deficits in disgust.
Cogn. Behav. Neurol. 22, 249–257.

Henley, S.M., Novak, M.J., Frost, C., King, J., Tabrizi, S.J., Warren, J.D., 2012. Emotion
recognition in Huntington's disease: a systematic review. Neurosci. Biobehav.
Rev. 36, 237–253.

Henley, S.M., Wild, E.J., Hobbs, N.Z., Warren, J.D., Frost, C., Scahill, R.I., Ridgway, G.R.,
MacManus, D.G., Barker, R.A., Fox, N.C., Tabrizi, S.J., 2008. Defective emotion
recognition in early HD is neuropsychologically and anatomically generic.
Neuropsychologia 46, 2152–2160.

Hennenlotter, A., Schroeder, U., Erhard, P., Haslinger, B., Stahl, R., Weindl, A., von
Einsiedel, H.G., Lange, K.W., Ceballos-Baumann, A.O., 2004. Neural correlates
associated with impaired disgust processing in pre-symptomatic Huntington's
disease. Brain 127, 1446–1453.

Hooker, C.I., Verosky, S.C., Germine, L.T., Knight, R.T., D’Esposito, M., 2008. Menta-
lizing about emotion and its relationship to empathy. Soc. Cogn. Affect. Neu-
rosci. 3, 204–217.

Ibanez, A., Gleichgerrcht, E., Manes, F., 2010. Clinical effects of insular damage in
humans. Brain Struct. Funct. 214, 397–410.

Ibanez, A., Manes, F., 2012. Contextual social cognition and the behavioral variant of
frontotemporal dementia. Neurology 78, 1354–1362.

Ibanez, A., Huepe, D., Gempp, R., Gutiérrez, V., Rivera-Rei, A., Toledo, M., 2013.
Empathy, sex and fluid intelligence as predictors of theory of mind. Personal.
Individ. Differ. 54, 616–621.

Ibanez, A., Aguado, J., Baez, S., Huepe, D., Lopez, V., Ortega, R., Sigman, M., Mikulan,
E., Lischinsky, A., Torrente, F., Cetkovich, M., Torralva, T., Bekinschtein, T., Manes,
F., 2014. From neural signatures of emotional modulation to social cognition:
individual differences in healthy volunteers and psychiatric participants. Soc.
Cogn. Affect. Neurosci. 9, 939–950.

Ille, R., Schafer, A., Scharmuller, W., Enzinger, C., Schoggl, H., Kapfhammer, H.P.,
Schienle, A., 2011. Emotion recognition and experience in Huntington disease: a
voxel-based morphometry study. J. Psychiatry Neurosci. 36, 383–390.

Jackson, P.L., Brunet, E., Meltzoff, A.N., Decety, J., 2006. Empathy examined through
the neural mechanisms involved in imagining how I feel versus how you feel
pain. Neuropsychologia 44, 752–761.

Joel, D., 2001. Open interconnected model of basal ganglia-thalamocortical circuitry
and its relevance to the clinical syndrome of Huntington’s disease. Mov. Disord.
16, 407–423.

Johnson, S.A., Stout, J.C., Solomon, A.C., Langbehn, D.R., Aylward, E.H., Cruce, C.B.,
Ross, C.A., Nance, M., Kayson, E., Julian-Baros, E., Hayden, M.R., Kieburtz, K.,
Guttman, M., Oakes, D., Shoulson, I., Beglinger, L., Duff, K., Penziner, E., Paulsen,
J.S., 2007. Beyond disgust: impaired recognition of negative emotions prior to
diagnosis in Huntington's disease. Brain 130, 1732–1744.

Kargieman, L., Herrera, E., Baez, S., Garcia, A.M., Dottori, M., Gelormini, C., Manes, F.,
Gershanik, O., Ibanez, A., 2014. Motor–language coupling in Huntington's dis-
ease families. Front. Aging Neurosci. 6, 122.

Kassubek, J., Juengling, F.D., Kioschies, T., Henkel, K., Karitzky, J., Kramer, B., Ecker,
D., Andrich, J., Saft, C., Kraus, P., Aschoff, A.J., Ludolph, A.C., Landwehrmeyer, G.
B., 2004. Topography of cerebral atrophy in early Huntington's disease: a voxel
based morphometric MRI study. J. Neurol. Neurosurg. Psychiatry 75, 213–220.

Kipps, C.M., Duggins, A.J., McCusker, E.A., Calder, A.J., 2007. Disgust and happiness
recognition correlate with anteroventral insula and amygdala volume respec-
tively in preclinical Huntington's disease. J. Cogn. Neurosci. 19, 1206–1217.

http://refhub.elsevier.com/S0028-3932(15)00019-6/sbref1
http://refhub.elsevier.com/S0028-3932(15)00019-6/sbref1
http://refhub.elsevier.com/S0028-3932(15)00019-6/sbref1
http://refhub.elsevier.com/S0028-3932(15)00019-6/sbref2
http://refhub.elsevier.com/S0028-3932(15)00019-6/sbref2
http://refhub.elsevier.com/S0028-3932(15)00019-6/sbref2
http://refhub.elsevier.com/S0028-3932(15)00019-6/sbref3
http://refhub.elsevier.com/S0028-3932(15)00019-6/sbref3
http://refhub.elsevier.com/S0028-3932(15)00019-6/sbref3
http://refhub.elsevier.com/S0028-3932(15)00019-6/sbref4
http://refhub.elsevier.com/S0028-3932(15)00019-6/sbref4
http://refhub.elsevier.com/S0028-3932(15)00019-6/sbref4
http://refhub.elsevier.com/S0028-3932(15)00019-6/sbref4
http://refhub.elsevier.com/S0028-3932(15)00019-6/sbref5
http://refhub.elsevier.com/S0028-3932(15)00019-6/sbref5
http://refhub.elsevier.com/S0028-3932(15)00019-6/sbref5
http://refhub.elsevier.com/S0028-3932(15)00019-6/sbref5
http://refhub.elsevier.com/S0028-3932(15)00019-6/sbref6
http://refhub.elsevier.com/S0028-3932(15)00019-6/sbref6
http://refhub.elsevier.com/S0028-3932(15)00019-6/sbref6
http://refhub.elsevier.com/S0028-3932(15)00019-6/sbref6
http://refhub.elsevier.com/S0028-3932(15)00019-6/sbref6
http://refhub.elsevier.com/S0028-3932(15)00019-6/sbref7
http://refhub.elsevier.com/S0028-3932(15)00019-6/sbref7
http://refhub.elsevier.com/S0028-3932(15)00019-6/sbref7
http://refhub.elsevier.com/S0028-3932(15)00019-6/sbref7
http://refhub.elsevier.com/S0028-3932(15)00019-6/sbref8
http://refhub.elsevier.com/S0028-3932(15)00019-6/sbref8
http://refhub.elsevier.com/S0028-3932(15)00019-6/sbref9
http://refhub.elsevier.com/S0028-3932(15)00019-6/sbref9
http://refhub.elsevier.com/S0028-3932(15)00019-6/sbref9
http://refhub.elsevier.com/S0028-3932(15)00019-6/sbref9
http://refhub.elsevier.com/S0028-3932(15)00019-6/sbref10
http://refhub.elsevier.com/S0028-3932(15)00019-6/sbref10
http://refhub.elsevier.com/S0028-3932(15)00019-6/sbref10
http://refhub.elsevier.com/S0028-3932(15)00019-6/sbref11
http://refhub.elsevier.com/S0028-3932(15)00019-6/sbref11
http://refhub.elsevier.com/S0028-3932(15)00019-6/sbref11
http://refhub.elsevier.com/S0028-3932(15)00019-6/sbref12
http://refhub.elsevier.com/S0028-3932(15)00019-6/sbref12
http://refhub.elsevier.com/S0028-3932(15)00019-6/sbref12
http://refhub.elsevier.com/S0028-3932(15)00019-6/sbref13
http://refhub.elsevier.com/S0028-3932(15)00019-6/sbref13
http://refhub.elsevier.com/S0028-3932(15)00019-6/sbref13
http://refhub.elsevier.com/S0028-3932(15)00019-6/sbref14
http://refhub.elsevier.com/S0028-3932(15)00019-6/sbref14
http://refhub.elsevier.com/S0028-3932(15)00019-6/sbref14
http://refhub.elsevier.com/S0028-3932(15)00019-6/sbref15
http://refhub.elsevier.com/S0028-3932(15)00019-6/sbref15
http://refhub.elsevier.com/S0028-3932(15)00019-6/sbref16
http://refhub.elsevier.com/S0028-3932(15)00019-6/sbref16
http://refhub.elsevier.com/S0028-3932(15)00019-6/sbref16
http://refhub.elsevier.com/S0028-3932(15)00019-6/sbref17
http://refhub.elsevier.com/S0028-3932(15)00019-6/sbref17
http://refhub.elsevier.com/S0028-3932(15)00019-6/sbref17
http://refhub.elsevier.com/S0028-3932(15)00019-6/sbref18
http://refhub.elsevier.com/S0028-3932(15)00019-6/sbref18
http://refhub.elsevier.com/S0028-3932(15)00019-6/sbref18
http://refhub.elsevier.com/S0028-3932(15)00019-6/sbref19
http://refhub.elsevier.com/S0028-3932(15)00019-6/sbref19
http://refhub.elsevier.com/S0028-3932(15)00019-6/sbref19
http://refhub.elsevier.com/S0028-3932(15)00019-6/sbref19
http://refhub.elsevier.com/S0028-3932(15)00019-6/sbref20
http://refhub.elsevier.com/S0028-3932(15)00019-6/sbref20
http://refhub.elsevier.com/S0028-3932(15)00019-6/sbref20
http://refhub.elsevier.com/S0028-3932(15)00019-6/sbref21
http://refhub.elsevier.com/S0028-3932(15)00019-6/sbref21
http://refhub.elsevier.com/S0028-3932(15)00019-6/sbref21
http://refhub.elsevier.com/S0028-3932(15)00019-6/sbref21
http://refhub.elsevier.com/S0028-3932(15)00019-6/sbref22
http://refhub.elsevier.com/S0028-3932(15)00019-6/sbref22
http://refhub.elsevier.com/S0028-3932(15)00019-6/sbref22
http://refhub.elsevier.com/S0028-3932(15)00019-6/sbref23
http://refhub.elsevier.com/S0028-3932(15)00019-6/sbref23
http://refhub.elsevier.com/S0028-3932(15)00019-6/sbref23
http://refhub.elsevier.com/S0028-3932(15)00019-6/sbref24
http://refhub.elsevier.com/S0028-3932(15)00019-6/sbref24
http://refhub.elsevier.com/S0028-3932(15)00019-6/sbref24
http://refhub.elsevier.com/S0028-3932(15)00019-6/sbref24
http://refhub.elsevier.com/S0028-3932(15)00019-6/sbref24
http://refhub.elsevier.com/S0028-3932(15)00019-6/sbref25
http://refhub.elsevier.com/S0028-3932(15)00019-6/sbref25
http://refhub.elsevier.com/S0028-3932(15)00019-6/sbref25
http://refhub.elsevier.com/S0028-3932(15)00019-6/sbref26
http://refhub.elsevier.com/S0028-3932(15)00019-6/sbref26
http://refhub.elsevier.com/S0028-3932(15)00019-6/sbref26
http://refhub.elsevier.com/S0028-3932(15)00019-6/sbref26
http://refhub.elsevier.com/S0028-3932(15)00019-6/sbref26
http://refhub.elsevier.com/S0028-3932(15)00019-6/sbref27
http://refhub.elsevier.com/S0028-3932(15)00019-6/sbref27
http://refhub.elsevier.com/S0028-3932(15)00019-6/sbref28
http://refhub.elsevier.com/S0028-3932(15)00019-6/sbref28
http://refhub.elsevier.com/S0028-3932(15)00019-6/sbref28
http://refhub.elsevier.com/S0028-3932(15)00019-6/sbref29
http://refhub.elsevier.com/S0028-3932(15)00019-6/sbref29
http://refhub.elsevier.com/S0028-3932(15)00019-6/sbref29
http://refhub.elsevier.com/S0028-3932(15)00019-6/sbref29
http://refhub.elsevier.com/S0028-3932(15)00019-6/sbref30
http://refhub.elsevier.com/S0028-3932(15)00019-6/sbref30
http://refhub.elsevier.com/S0028-3932(15)00019-6/sbref30
http://refhub.elsevier.com/S0028-3932(15)00019-6/sbref30
http://refhub.elsevier.com/S0028-3932(15)00019-6/sbref30
http://refhub.elsevier.com/S0028-3932(15)00019-6/sbref31
http://refhub.elsevier.com/S0028-3932(15)00019-6/sbref31
http://refhub.elsevier.com/S0028-3932(15)00019-6/sbref32
http://refhub.elsevier.com/S0028-3932(15)00019-6/sbref32
http://refhub.elsevier.com/S0028-3932(15)00019-6/sbref32
http://refhub.elsevier.com/S0028-3932(15)00019-6/sbref33
http://refhub.elsevier.com/S0028-3932(15)00019-6/sbref33
http://refhub.elsevier.com/S0028-3932(15)00019-6/sbref34
http://refhub.elsevier.com/S0028-3932(15)00019-6/sbref34
http://refhub.elsevier.com/S0028-3932(15)00019-6/sbref34
http://refhub.elsevier.com/S0028-3932(15)00019-6/sbref34
http://refhub.elsevier.com/S0028-3932(15)00019-6/sbref34
http://refhub.elsevier.com/S0028-3932(15)00019-6/sbref35
http://refhub.elsevier.com/S0028-3932(15)00019-6/sbref35
http://refhub.elsevier.com/S0028-3932(15)00019-6/sbref35
http://refhub.elsevier.com/S0028-3932(15)00019-6/sbref35
http://refhub.elsevier.com/S0028-3932(15)00019-6/sbref35
http://refhub.elsevier.com/S0028-3932(15)00019-6/sbref36
http://refhub.elsevier.com/S0028-3932(15)00019-6/sbref36
http://refhub.elsevier.com/S0028-3932(15)00019-6/sbref36
http://refhub.elsevier.com/S0028-3932(15)00019-6/sbref36
http://refhub.elsevier.com/S0028-3932(15)00019-6/sbref36
http://refhub.elsevier.com/S0028-3932(15)00019-6/sbref37
http://refhub.elsevier.com/S0028-3932(15)00019-6/sbref37
http://refhub.elsevier.com/S0028-3932(15)00019-6/sbref37
http://refhub.elsevier.com/S0028-3932(15)00019-6/sbref37
http://refhub.elsevier.com/S0028-3932(15)00019-6/sbref38
http://refhub.elsevier.com/S0028-3932(15)00019-6/sbref38
http://refhub.elsevier.com/S0028-3932(15)00019-6/sbref38
http://refhub.elsevier.com/S0028-3932(15)00019-6/sbref39
http://refhub.elsevier.com/S0028-3932(15)00019-6/sbref39
http://refhub.elsevier.com/S0028-3932(15)00019-6/sbref39
http://refhub.elsevier.com/S0028-3932(15)00019-6/sbref39
http://refhub.elsevier.com/S0028-3932(15)00019-6/sbref40
http://refhub.elsevier.com/S0028-3932(15)00019-6/sbref40
http://refhub.elsevier.com/S0028-3932(15)00019-6/sbref40
http://refhub.elsevier.com/S0028-3932(15)00019-6/sbref40
http://refhub.elsevier.com/S0028-3932(15)00019-6/sbref41
http://refhub.elsevier.com/S0028-3932(15)00019-6/sbref41
http://refhub.elsevier.com/S0028-3932(15)00019-6/sbref41
http://refhub.elsevier.com/S0028-3932(15)00019-6/sbref41
http://refhub.elsevier.com/S0028-3932(15)00019-6/sbref41
http://refhub.elsevier.com/S0028-3932(15)00019-6/sbref42
http://refhub.elsevier.com/S0028-3932(15)00019-6/sbref42
http://refhub.elsevier.com/S0028-3932(15)00019-6/sbref42
http://refhub.elsevier.com/S0028-3932(15)00019-6/sbref42
http://refhub.elsevier.com/S0028-3932(15)00019-6/sbref42
http://refhub.elsevier.com/S0028-3932(15)00019-6/sbref43
http://refhub.elsevier.com/S0028-3932(15)00019-6/sbref43
http://refhub.elsevier.com/S0028-3932(15)00019-6/sbref43
http://refhub.elsevier.com/S0028-3932(15)00019-6/sbref43
http://refhub.elsevier.com/S0028-3932(15)00019-6/sbref44
http://refhub.elsevier.com/S0028-3932(15)00019-6/sbref44
http://refhub.elsevier.com/S0028-3932(15)00019-6/sbref44
http://refhub.elsevier.com/S0028-3932(15)00019-6/sbref45
http://refhub.elsevier.com/S0028-3932(15)00019-6/sbref45
http://refhub.elsevier.com/S0028-3932(15)00019-6/sbref45
http://refhub.elsevier.com/S0028-3932(15)00019-6/sbref46
http://refhub.elsevier.com/S0028-3932(15)00019-6/sbref46
http://refhub.elsevier.com/S0028-3932(15)00019-6/sbref46
http://refhub.elsevier.com/S0028-3932(15)00019-6/sbref46
http://refhub.elsevier.com/S0028-3932(15)00019-6/sbref47
http://refhub.elsevier.com/S0028-3932(15)00019-6/sbref47
http://refhub.elsevier.com/S0028-3932(15)00019-6/sbref47
http://refhub.elsevier.com/S0028-3932(15)00019-6/sbref47
http://refhub.elsevier.com/S0028-3932(15)00019-6/sbref47
http://refhub.elsevier.com/S0028-3932(15)00019-6/sbref47
http://refhub.elsevier.com/S0028-3932(15)00019-6/sbref48
http://refhub.elsevier.com/S0028-3932(15)00019-6/sbref48
http://refhub.elsevier.com/S0028-3932(15)00019-6/sbref48
http://refhub.elsevier.com/S0028-3932(15)00019-6/sbref48
http://refhub.elsevier.com/S0028-3932(15)00019-6/sbref49
http://refhub.elsevier.com/S0028-3932(15)00019-6/sbref49
http://refhub.elsevier.com/S0028-3932(15)00019-6/sbref49
http://refhub.elsevier.com/S0028-3932(15)00019-6/sbref49
http://refhub.elsevier.com/S0028-3932(15)00019-6/sbref50
http://refhub.elsevier.com/S0028-3932(15)00019-6/sbref50
http://refhub.elsevier.com/S0028-3932(15)00019-6/sbref50
http://refhub.elsevier.com/S0028-3932(15)00019-6/sbref50
http://refhub.elsevier.com/S0028-3932(15)00019-6/sbref51
http://refhub.elsevier.com/S0028-3932(15)00019-6/sbref51
http://refhub.elsevier.com/S0028-3932(15)00019-6/sbref51
http://refhub.elsevier.com/S0028-3932(15)00019-6/sbref51
http://refhub.elsevier.com/S0028-3932(15)00019-6/sbref51
http://refhub.elsevier.com/S0028-3932(15)00019-6/sbref51
http://refhub.elsevier.com/S0028-3932(15)00019-6/sbref52
http://refhub.elsevier.com/S0028-3932(15)00019-6/sbref52
http://refhub.elsevier.com/S0028-3932(15)00019-6/sbref52
http://refhub.elsevier.com/S0028-3932(15)00019-6/sbref53
http://refhub.elsevier.com/S0028-3932(15)00019-6/sbref53
http://refhub.elsevier.com/S0028-3932(15)00019-6/sbref53
http://refhub.elsevier.com/S0028-3932(15)00019-6/sbref53
http://refhub.elsevier.com/S0028-3932(15)00019-6/sbref53
http://refhub.elsevier.com/S0028-3932(15)00019-6/sbref54
http://refhub.elsevier.com/S0028-3932(15)00019-6/sbref54
http://refhub.elsevier.com/S0028-3932(15)00019-6/sbref54
http://refhub.elsevier.com/S0028-3932(15)00019-6/sbref54


S. Baez et al. / Neuropsychologia 68 (2015) 158–167 167
Kipps, C.M., Nestor, P.J., Acosta-Cabronero, J., Arnold, R., Hodges, J.R., 2009. Under-
standing social dysfunction in the behavioural variant of frontotemporal de-
mentia: the role of emotion and sarcasm processing. Brain 132, 592–603.

Kirkwood, S.C., Su, J.L., Conneally, P., Foroud, T., 2001. Progression of symptoms in
the early and middle stages of Huntington disease. Arch. Neurol. 58, 273–278.

Langbehn, D.R., Hayden, M.R., Paulsen, J.S., 2010. CAG-repeat length and the age of
onset in Huntington disease (HD): a review and validation study of statistical
approaches. Am. J. Med. Genet. B: Neuropsychiatr. Genet. 153B, 397–408.

Lawrence, A.D., Goerendt, I.K., Brooks, D.J., 2007. Impaired recognition of facial
expressions of anger in Parkinson's disease patients acutely withdrawn from
dopamine replacement therapy. Neuropsychologia 45, 65–74.

Lawrence, A.D., Sahakian, B.J., Robbins, T.W., 1998. Cognitive functions and corti-
costriatal circuits: insights from Huntington's disease. Trends Cogn. Sci. 2,
379–388.

Lemiere, J., Decruyenaere, M., Evers-Kiebooms, G., Vandenbussche, E., Dom, R.,
2004. Cognitive changes in patients with Huntington’s disease (HD) and
asymptomatic carriers of the HD mutation – a longitudinal follow-up study. J.
Neurol. 251, 935–942.

Markianos, M., Panas, M., Kalfakis, N., Vassilopoulos, D., 2008. Low plasma total
cholesterol in patients with Huntington's disease and first-degree relatives.
Mol. Genet. Metab. 93, 341–346.

McDonald, S., Bornhofen, C., Shum, D., Long, E., Saunders, C., Neulinger, K., 2006.
Reliability and validity of The Awareness of Social Inference Test (TASIT): a
clinical test of social perception. Disabil. Rehabil. 28, 1529–1542.

McDonald, S., Flanagan, S., Rollins, J., Kinch, J., 2003. TASIT: a new clinical tool for
assessing social perception after traumatic brain injury. J. Head Trauma Rehabil.
18, 219–238.

Melloni, M., Lopez, V., Ibanez, A., 2014. Empathy and contextual social cognition.
Cogn. Affect. Behav. Neurosci. 14, 407–425.

Mendoza, R., Cabral-Calderin, Y., Dominguez, M., Garcia, A., Borrego, M., Caballero,
A., Guerra, S., Reyes, M.M., 2011. Impairment of emotional expression re-
cognition in schizophrenia: a Cuban familial association study. Psychiatry Res.
185, 44–48.

Milders, M., Crawford, J.R., Lamb, A., Simpson, S.A., 2003. Differential deficits in
expression recognition in gene-carriers and patients with Huntington's disease.
Neuropsychologia 41, 1484–1492.

Mitchell, I.J., Heims, H., Neville, E.A., Rickards, H., 2005. Huntington's disease pa-
tients show impaired perception of disgust in the gustatory and olfactory
modalities. J. Neuropsychiatry Clin. Neurosci. 17, 119–121.

Montagne, B., Kessels, R.P., Kammers, M.P., Kingma, E., de Haan, E.H., Roos, R.A.,
Middelkoop, H.A., 2006. Perception of emotional facial expressions at different
intensities in early-symptomatic Huntington's disease. Eur. Neurol. 55,
151–154.

Muhlau, M., Weindl, A., Wohlschlager, A.M., Gaser, C., Stadtler, M., Valet, M., Zim-
mer, C., Kassubek, J., Peinemann, A., 2007. Voxel-based morphometry indicates
relative preservation of the limbic prefrontal cortex in early Huntington dis-
ease. J. Neural Transm. 114, 367–372.

Nasreddine, Z.S., Phillips, N.A., Bedirian, V., Charbonneau, S., Whitehead, V., Collin,
I., Cummings, J.L., Chertkow, H., 2005. The Montreal Cognitive Assessment,
MoCA: a brief screening tool for mild cognitive impairment. J. Am. Geriatr. Soc.
53, 695–699.

Nopoulos, P.C., Aylward, E.H., Ross, C.A., Johnson, H.J., Magnotta, V.A., Juhl, A.R.,
Pierson, R.K., Mills, J., Langbehn, D.R., Paulsen, J.S., 2010. Cerebral cortex
structure in prodromal Huntington disease. Neurobiol. Dis. 40, 544–554.

Nummenmaa, L., Hirvonen, J., Parkkola, R., Hietanen, J.K., 2008. Is emotional con-
tagion special? An fMRI study on neural systems for affective and cognitive
empathy. NeuroImage 43, 571–580.

O’Rourke, J.J., Beglinger, L.J., Smith, M.M., Mills, J., Moser, D.J., Rowe, K.C., Langbehn,
D.R., Duff, K., Stout, J.C., Harrington, D.L., Carlozzi, N., Paulsen, J.S., 2011. The
Trail Making Test in prodromal Huntington disease: contributions of disease
progression to test performance. J. Clin. Exp. Neuropsychol. 33, 567–579.

Panegyres, P.K., Goh, J.G., 2011. The neurology and natural history of patients with
indeterminate CAG repeat length mutations of the Huntington disease gene. J.
Neurol. Sci. 301, 14–20.

Paulsen, J.S., Hayden, M., Stout, J.C., Langbehn, D.R., Aylward, E., Ross, C.A., Guttman,
M., Nance, M., Kieburtz, K., Oakes, D., Shoulson, I., Kayson, E., Johnson, S.,
Penziner, E., 2006. Preparing for preventive clinical trials: the Predict-HD study.
Arch. Neurol. 63, 883–890.

Pessoa, L., 2011. Interactions between cognition and emotion during response in-
hibition. Emotion 12, 192–197.

Phillips, M.L., Young, A.W., Senior, C., Brammer, M., Andrew, C., Calder, A.J., Bull-
more, E.T., Perrett, D.I., Rowland, D., Williams, S.C., Gray, J.A., David, A.S., 1997. A
specific neural substrate for perceiving facial expressions of disgust. Nature
389, 495–498.

Robins Wahlin, T.B., Backman, L., Lundin, A., Haegermark, A., Winblad, B., Anvret,
M., 2000. High suicidal ideation in persons testing for Huntington's disease.
Acta Neurol. Scand. 102, 150–161.

Rosen, H.J., Wilson, M.R., Schauer, G.F., Allison, S., Gorno-Tempini, M.L., Pace-Sa-
vitsky, C., Kramer, J.H., Levenson, R.W., Weiner, M., Miller, B.L., 2006. Neuroa-
natomical correlates of impaired recognition of emotion in dementia. Neu-
ropsychologia 44, 365–373.

Russell, T.A., Reynaud, E., Kucharska-Pietura, K., Ecker, C., Benson, P.J., Zelaya, F.,
Giampietro, V., Brammer, M., David, A., Phillips, M.L., 2007. Neural responses to
dynamic expressions of fear in schizophrenia. Neuropsychologia 45, 107–123.

Saft, C., Lissek, S., Hoffmann, R., Nicolas, V., Tegenthoff, M., Juckel, G., Brune, M.,
2013. Mentalizing in preclinical Huntington's disease: an fMRI study using
cartoon picture stories. Brain Imaging Behav. 7, 154–162.

Schaefer, K.L., Baumann, J., Rich, B.A., Luckenbaugh, D.A., Zarate Jr., C.A., 2010.
Perception of facial emotion in adults with bipolar or unipolar depression and
controls. J. Psychiatr. Res. 44, 1229–1235.

Schipper, M., Petermann, F., 2013. Relating empathy and emotion regulation: do
deficits in empathy trigger emotion dysregulation? Soc. Neurosci. 8, 101–107.

Sedeno, L., Couto, B., Melloni, M., Canales-Johnson, A., Yoris, A., Baez, S., Esteves, S.,
Velasquez, M., Barttfeld, P., Sigman, M., Kichic, R., Chialvo, D., Manes, F., Be-
kinschtein, T.A., Ibanez, A., 2014. How do you feel when you can't feel your
body? Interoception, functional connectivity and emotional processing in de-
personalization–derealization disorder. PLoS One 9, e98769.

Shoulson, I., Fahn, S., 1979. Huntington disease: clinical care and evaluation. Neu-
rology 29, 1–3.

Siesling, S., van Vugt, J.P., Zwinderman, K.A., Kieburtz, K., Roos, R.A., 1998. Unified
Huntington’s disease rating scale: a follow up. Mov. Disord. 13, 915–919.

Singer, T., 2006. The neuronal basis and ontogeny of empathy and mind reading:
review of literature and implications for future research. Neurosci. Biobehav.
Rev. 30, 855–863.

Singer, T., Lamm, C., 2009. The social neuroscience of empathy. Ann. N. Y. Acad. Sci.
1156, 81–96.

Snowden, J.S., Austin, N.A., Sembi, S., Thompson, J.C., Craufurd, D., Neary, D., 2008.
Emotion recognition in Huntington's disease and frontotemporal dementia.
Neuropsychologia 46, 2638–2649.

Snowden, J.S., Gibbons, Z.C., Blackshaw, A., Doubleday, E., Thompson, J., Craufurd,
D., Foster, J., Happe, F., Neary, D., 2003. Social cognition in frontotemporal de-
mentia and Huntington's disease. Neuropsychologia 41, 688–701.

Sparks, A., McDonald, S., Lino, B., O’Donnell, M., Green, M.J., 2010. Social cognition,
empathy and functional outcome in schizophrenia. Schizophr. Res. 122,
172–178.

Sprengelmeyer, R., Schroeder, U., Young, A.W., Epplen, J.T., 2006. Disgust in pre-
clinical Huntington's disease: a longitudinal study. Neuropsychologia 44,
518–533.

Tabrizi, S.J., Langbehn, D.R., Leavitt, B.R., Roos, R.A., Durr, A., Craufurd, D., Kennard,
C., Hicks, S.L., Fox, N.C., Scahill, R.I., Borowsky, B., Tobin, A.J., Rosas, H.D., John-
son, H., Reilmann, R., Landwehrmeyer, B., Stout, J.C., 2009. Biological and clin-
ical manifestations of Huntington's disease in the longitudinal TRACK-HD
study: cross-sectional analysis of baseline data. Lancet Neurol. 8, 791–801.

Thieben, M.J., Duggins, A.J., Good, C.D., Gomes, L., Mahant, N., Richards, F., McCus-
ker, E., Frackowiak, R.S., 2002. The distribution of structural neuropathology in
pre-clinical Huntington's disease. Brain 125, 1815–1828.

Torralva, T., Roca, M., Gleichgerrcht, E., Lopez, P., Manes, F., 2009. INECO Frontal
Screening (IFS): a brief, sensitive, and specific tool to assess executive functions
in dementia. J. Int. Neuropsychol. Soc. 15, 777–786.

Treisman, A., Fearnley, S., 1969. The Stroop test: selective attention to colours and
words. Nature 222, 437–439.

Trinkler, I., Cleret de Langavant, L., Bachoud-Levi, A.C., 2013. Joint recognition-ex-
pression impairment of facial emotions in Huntington's disease despite intact
understanding of feelings. Cortex 49, 549–558.

van den Bogaard, S.J., Dumas, E.M., Acharya, T.P., Johnson, H., Langbehn, D.R., Scahill,
R.I., Tabrizi, S.J., van Buchem, M.A., van der Grond, J., Roos, R.A., 2011. Early
atrophy of pallidum and accumbens nucleus in Huntington's disease. J. Neurol.
258, 412–420.

Van den Stock, J., Righart, R., de Gelder, B., 2007. Body expressions influence re-
cognition of emotions in the face and voice. Emotion 7, 487–494.

Wang, K., Hoosain, R., Yang, R.M., Meng, Y., Wang, C.Q., 2003. Impairment of re-
cognition of disgust in Chinese with Huntington's or Wilson's disease. Neu-
ropsychologia 41, 527–537.

Wechsler, D., 1997. Wechsler Adult Intelligent Scale III.. The Psychological Corp.,
San Antonio, TX.

Weir, D.W., Sturrock, A., Leavitt, B.R., 2011. Development of biomarkers for Hun-
tington’s disease. Lancet Neurol. 10, 573–590.

Weniger, G., Irle, E., 2002. Impaired facial affect recognition and emotional changes
in subjects with transmodal cortical lesions. Cereb. Cortex 12, 258–268.

Weschler, D., 1999. Weschler Abbreviated Scale of Intelligence. Psychological Cor-
poration, San Antonio, TX.

Whalen, P.J., Rauch, S.L., Etcoff, N.L., McInerney, S.C., Lee, M.B., Jenike, M.A., 1998.
Masked presentations of emotional facial expressions modulate amygdala ac-
tivity without explicit knowledge. J. Neurosci. 18, 411–418.

Williams, J.K., Skirton, H., Paulsen, J.S., Tripp-Reimer, T., Jarmon, L., McGonigal
Kenney, M., Birrer, E., Hennig, B.L., Honeyford, J., 2009. The emotional experi-
ences of family carers in Huntington disease. J. Adv. Nurs. 65, 789–798.

Young, A.W., Rowland, D., Calder, A.J., Etcoff, N.L., Seth, A., Perrett, D.I., 1997. Facial
expression megamix: tests of dimensional and category accounts of emotion
recognition. Cognition 63, 271–313.

Zaki, J., Ochsner, K.N., 2012. The neuroscience of empathy: progress, pitfalls and
promise. Nat. Neurosci. 15, 675–680.

http://refhub.elsevier.com/S0028-3932(15)00019-6/sbref55
http://refhub.elsevier.com/S0028-3932(15)00019-6/sbref55
http://refhub.elsevier.com/S0028-3932(15)00019-6/sbref55
http://refhub.elsevier.com/S0028-3932(15)00019-6/sbref55
http://refhub.elsevier.com/S0028-3932(15)00019-6/sbref56
http://refhub.elsevier.com/S0028-3932(15)00019-6/sbref56
http://refhub.elsevier.com/S0028-3932(15)00019-6/sbref56
http://refhub.elsevier.com/S0028-3932(15)00019-6/sbref57
http://refhub.elsevier.com/S0028-3932(15)00019-6/sbref57
http://refhub.elsevier.com/S0028-3932(15)00019-6/sbref57
http://refhub.elsevier.com/S0028-3932(15)00019-6/sbref57
http://refhub.elsevier.com/S0028-3932(15)00019-6/sbref58
http://refhub.elsevier.com/S0028-3932(15)00019-6/sbref58
http://refhub.elsevier.com/S0028-3932(15)00019-6/sbref58
http://refhub.elsevier.com/S0028-3932(15)00019-6/sbref58
http://refhub.elsevier.com/S0028-3932(15)00019-6/sbref59
http://refhub.elsevier.com/S0028-3932(15)00019-6/sbref59
http://refhub.elsevier.com/S0028-3932(15)00019-6/sbref59
http://refhub.elsevier.com/S0028-3932(15)00019-6/sbref59
http://refhub.elsevier.com/S0028-3932(15)00019-6/sbref60
http://refhub.elsevier.com/S0028-3932(15)00019-6/sbref60
http://refhub.elsevier.com/S0028-3932(15)00019-6/sbref60
http://refhub.elsevier.com/S0028-3932(15)00019-6/sbref60
http://refhub.elsevier.com/S0028-3932(15)00019-6/sbref60
http://refhub.elsevier.com/S0028-3932(15)00019-6/sbref61
http://refhub.elsevier.com/S0028-3932(15)00019-6/sbref61
http://refhub.elsevier.com/S0028-3932(15)00019-6/sbref61
http://refhub.elsevier.com/S0028-3932(15)00019-6/sbref61
http://refhub.elsevier.com/S0028-3932(15)00019-6/sbref62
http://refhub.elsevier.com/S0028-3932(15)00019-6/sbref62
http://refhub.elsevier.com/S0028-3932(15)00019-6/sbref62
http://refhub.elsevier.com/S0028-3932(15)00019-6/sbref62
http://refhub.elsevier.com/S0028-3932(15)00019-6/sbref63
http://refhub.elsevier.com/S0028-3932(15)00019-6/sbref63
http://refhub.elsevier.com/S0028-3932(15)00019-6/sbref63
http://refhub.elsevier.com/S0028-3932(15)00019-6/sbref63
http://refhub.elsevier.com/S0028-3932(15)00019-6/sbref64
http://refhub.elsevier.com/S0028-3932(15)00019-6/sbref64
http://refhub.elsevier.com/S0028-3932(15)00019-6/sbref64
http://refhub.elsevier.com/S0028-3932(15)00019-6/sbref65
http://refhub.elsevier.com/S0028-3932(15)00019-6/sbref65
http://refhub.elsevier.com/S0028-3932(15)00019-6/sbref65
http://refhub.elsevier.com/S0028-3932(15)00019-6/sbref65
http://refhub.elsevier.com/S0028-3932(15)00019-6/sbref65
http://refhub.elsevier.com/S0028-3932(15)00019-6/sbref66
http://refhub.elsevier.com/S0028-3932(15)00019-6/sbref66
http://refhub.elsevier.com/S0028-3932(15)00019-6/sbref66
http://refhub.elsevier.com/S0028-3932(15)00019-6/sbref66
http://refhub.elsevier.com/S0028-3932(15)00019-6/sbref67
http://refhub.elsevier.com/S0028-3932(15)00019-6/sbref67
http://refhub.elsevier.com/S0028-3932(15)00019-6/sbref67
http://refhub.elsevier.com/S0028-3932(15)00019-6/sbref67
http://refhub.elsevier.com/S0028-3932(15)00019-6/sbref68
http://refhub.elsevier.com/S0028-3932(15)00019-6/sbref68
http://refhub.elsevier.com/S0028-3932(15)00019-6/sbref68
http://refhub.elsevier.com/S0028-3932(15)00019-6/sbref68
http://refhub.elsevier.com/S0028-3932(15)00019-6/sbref68
http://refhub.elsevier.com/S0028-3932(15)00019-6/sbref69
http://refhub.elsevier.com/S0028-3932(15)00019-6/sbref69
http://refhub.elsevier.com/S0028-3932(15)00019-6/sbref69
http://refhub.elsevier.com/S0028-3932(15)00019-6/sbref69
http://refhub.elsevier.com/S0028-3932(15)00019-6/sbref69
http://refhub.elsevier.com/S0028-3932(15)00019-6/sbref70
http://refhub.elsevier.com/S0028-3932(15)00019-6/sbref70
http://refhub.elsevier.com/S0028-3932(15)00019-6/sbref70
http://refhub.elsevier.com/S0028-3932(15)00019-6/sbref70
http://refhub.elsevier.com/S0028-3932(15)00019-6/sbref70
http://refhub.elsevier.com/S0028-3932(15)00019-6/sbref71
http://refhub.elsevier.com/S0028-3932(15)00019-6/sbref71
http://refhub.elsevier.com/S0028-3932(15)00019-6/sbref71
http://refhub.elsevier.com/S0028-3932(15)00019-6/sbref71
http://refhub.elsevier.com/S0028-3932(15)00019-6/sbref72
http://refhub.elsevier.com/S0028-3932(15)00019-6/sbref72
http://refhub.elsevier.com/S0028-3932(15)00019-6/sbref72
http://refhub.elsevier.com/S0028-3932(15)00019-6/sbref72
http://refhub.elsevier.com/S0028-3932(15)00019-6/sbref73
http://refhub.elsevier.com/S0028-3932(15)00019-6/sbref73
http://refhub.elsevier.com/S0028-3932(15)00019-6/sbref73
http://refhub.elsevier.com/S0028-3932(15)00019-6/sbref73
http://refhub.elsevier.com/S0028-3932(15)00019-6/sbref73
http://refhub.elsevier.com/S0028-3932(15)00019-6/sbref74
http://refhub.elsevier.com/S0028-3932(15)00019-6/sbref74
http://refhub.elsevier.com/S0028-3932(15)00019-6/sbref74
http://refhub.elsevier.com/S0028-3932(15)00019-6/sbref74
http://refhub.elsevier.com/S0028-3932(15)00019-6/sbref75
http://refhub.elsevier.com/S0028-3932(15)00019-6/sbref75
http://refhub.elsevier.com/S0028-3932(15)00019-6/sbref75
http://refhub.elsevier.com/S0028-3932(15)00019-6/sbref75
http://refhub.elsevier.com/S0028-3932(15)00019-6/sbref75
http://refhub.elsevier.com/S0028-3932(15)00019-6/sbref76
http://refhub.elsevier.com/S0028-3932(15)00019-6/sbref76
http://refhub.elsevier.com/S0028-3932(15)00019-6/sbref76
http://refhub.elsevier.com/S0028-3932(15)00019-6/sbref77
http://refhub.elsevier.com/S0028-3932(15)00019-6/sbref77
http://refhub.elsevier.com/S0028-3932(15)00019-6/sbref77
http://refhub.elsevier.com/S0028-3932(15)00019-6/sbref77
http://refhub.elsevier.com/S0028-3932(15)00019-6/sbref77
http://refhub.elsevier.com/S0028-3932(15)00019-6/sbref78
http://refhub.elsevier.com/S0028-3932(15)00019-6/sbref78
http://refhub.elsevier.com/S0028-3932(15)00019-6/sbref78
http://refhub.elsevier.com/S0028-3932(15)00019-6/sbref78
http://refhub.elsevier.com/S0028-3932(15)00019-6/sbref79
http://refhub.elsevier.com/S0028-3932(15)00019-6/sbref79
http://refhub.elsevier.com/S0028-3932(15)00019-6/sbref79
http://refhub.elsevier.com/S0028-3932(15)00019-6/sbref79
http://refhub.elsevier.com/S0028-3932(15)00019-6/sbref79
http://refhub.elsevier.com/S0028-3932(15)00019-6/sbref80
http://refhub.elsevier.com/S0028-3932(15)00019-6/sbref80
http://refhub.elsevier.com/S0028-3932(15)00019-6/sbref80
http://refhub.elsevier.com/S0028-3932(15)00019-6/sbref80
http://refhub.elsevier.com/S0028-3932(15)00019-6/sbref81
http://refhub.elsevier.com/S0028-3932(15)00019-6/sbref81
http://refhub.elsevier.com/S0028-3932(15)00019-6/sbref81
http://refhub.elsevier.com/S0028-3932(15)00019-6/sbref81
http://refhub.elsevier.com/S0028-3932(15)00019-6/sbref82
http://refhub.elsevier.com/S0028-3932(15)00019-6/sbref82
http://refhub.elsevier.com/S0028-3932(15)00019-6/sbref82
http://refhub.elsevier.com/S0028-3932(15)00019-6/sbref82
http://refhub.elsevier.com/S0028-3932(15)00019-6/sbref83
http://refhub.elsevier.com/S0028-3932(15)00019-6/sbref83
http://refhub.elsevier.com/S0028-3932(15)00019-6/sbref83
http://refhub.elsevier.com/S0028-3932(15)00019-6/sbref84
http://refhub.elsevier.com/S0028-3932(15)00019-6/sbref84
http://refhub.elsevier.com/S0028-3932(15)00019-6/sbref84
http://refhub.elsevier.com/S0028-3932(15)00019-6/sbref84
http://refhub.elsevier.com/S0028-3932(15)00019-6/sbref84
http://refhub.elsevier.com/S0028-3932(15)00019-6/sbref85
http://refhub.elsevier.com/S0028-3932(15)00019-6/sbref85
http://refhub.elsevier.com/S0028-3932(15)00019-6/sbref85
http://refhub.elsevier.com/S0028-3932(15)00019-6/sbref86
http://refhub.elsevier.com/S0028-3932(15)00019-6/sbref86
http://refhub.elsevier.com/S0028-3932(15)00019-6/sbref86
http://refhub.elsevier.com/S0028-3932(15)00019-6/sbref87
http://refhub.elsevier.com/S0028-3932(15)00019-6/sbref87
http://refhub.elsevier.com/S0028-3932(15)00019-6/sbref87
http://refhub.elsevier.com/S0028-3932(15)00019-6/sbref87
http://refhub.elsevier.com/S0028-3932(15)00019-6/sbref88
http://refhub.elsevier.com/S0028-3932(15)00019-6/sbref88
http://refhub.elsevier.com/S0028-3932(15)00019-6/sbref88
http://refhub.elsevier.com/S0028-3932(15)00019-6/sbref89
http://refhub.elsevier.com/S0028-3932(15)00019-6/sbref89
http://refhub.elsevier.com/S0028-3932(15)00019-6/sbref89
http://refhub.elsevier.com/S0028-3932(15)00019-6/sbref89
http://refhub.elsevier.com/S0028-3932(15)00019-6/sbref90
http://refhub.elsevier.com/S0028-3932(15)00019-6/sbref90
http://refhub.elsevier.com/S0028-3932(15)00019-6/sbref90
http://refhub.elsevier.com/S0028-3932(15)00019-6/sbref90
http://refhub.elsevier.com/S0028-3932(15)00019-6/sbref91
http://refhub.elsevier.com/S0028-3932(15)00019-6/sbref91
http://refhub.elsevier.com/S0028-3932(15)00019-6/sbref91
http://refhub.elsevier.com/S0028-3932(15)00019-6/sbref91
http://refhub.elsevier.com/S0028-3932(15)00019-6/sbref92
http://refhub.elsevier.com/S0028-3932(15)00019-6/sbref92
http://refhub.elsevier.com/S0028-3932(15)00019-6/sbref92
http://refhub.elsevier.com/S0028-3932(15)00019-6/sbref92
http://refhub.elsevier.com/S0028-3932(15)00019-6/sbref93
http://refhub.elsevier.com/S0028-3932(15)00019-6/sbref93
http://refhub.elsevier.com/S0028-3932(15)00019-6/sbref93
http://refhub.elsevier.com/S0028-3932(15)00019-6/sbref93
http://refhub.elsevier.com/S0028-3932(15)00019-6/sbref93
http://refhub.elsevier.com/S0028-3932(15)00019-6/sbref93
http://refhub.elsevier.com/S0028-3932(15)00019-6/sbref94
http://refhub.elsevier.com/S0028-3932(15)00019-6/sbref94
http://refhub.elsevier.com/S0028-3932(15)00019-6/sbref94
http://refhub.elsevier.com/S0028-3932(15)00019-6/sbref94
http://refhub.elsevier.com/S0028-3932(15)00019-6/sbref95
http://refhub.elsevier.com/S0028-3932(15)00019-6/sbref95
http://refhub.elsevier.com/S0028-3932(15)00019-6/sbref95
http://refhub.elsevier.com/S0028-3932(15)00019-6/sbref95
http://refhub.elsevier.com/S0028-3932(15)00019-6/sbref96
http://refhub.elsevier.com/S0028-3932(15)00019-6/sbref96
http://refhub.elsevier.com/S0028-3932(15)00019-6/sbref96
http://refhub.elsevier.com/S0028-3932(15)00019-6/sbref97
http://refhub.elsevier.com/S0028-3932(15)00019-6/sbref97
http://refhub.elsevier.com/S0028-3932(15)00019-6/sbref97
http://refhub.elsevier.com/S0028-3932(15)00019-6/sbref97
http://refhub.elsevier.com/S0028-3932(15)00019-6/sbref98
http://refhub.elsevier.com/S0028-3932(15)00019-6/sbref98
http://refhub.elsevier.com/S0028-3932(15)00019-6/sbref98
http://refhub.elsevier.com/S0028-3932(15)00019-6/sbref98
http://refhub.elsevier.com/S0028-3932(15)00019-6/sbref98
http://refhub.elsevier.com/S0028-3932(15)00019-6/sbref99
http://refhub.elsevier.com/S0028-3932(15)00019-6/sbref99
http://refhub.elsevier.com/S0028-3932(15)00019-6/sbref99
http://refhub.elsevier.com/S0028-3932(15)00019-6/sbref100
http://refhub.elsevier.com/S0028-3932(15)00019-6/sbref100
http://refhub.elsevier.com/S0028-3932(15)00019-6/sbref100
http://refhub.elsevier.com/S0028-3932(15)00019-6/sbref100
http://refhub.elsevier.com/S0028-3932(15)00019-6/sbref101
http://refhub.elsevier.com/S0028-3932(15)00019-6/sbref101
http://refhub.elsevier.com/S0028-3932(15)00019-6/sbref102
http://refhub.elsevier.com/S0028-3932(15)00019-6/sbref102
http://refhub.elsevier.com/S0028-3932(15)00019-6/sbref102
http://refhub.elsevier.com/S0028-3932(15)00019-6/sbref103
http://refhub.elsevier.com/S0028-3932(15)00019-6/sbref103
http://refhub.elsevier.com/S0028-3932(15)00019-6/sbref103
http://refhub.elsevier.com/S0028-3932(15)00019-6/sbref104
http://refhub.elsevier.com/S0028-3932(15)00019-6/sbref104
http://refhub.elsevier.com/S0028-3932(15)00019-6/sbref105
http://refhub.elsevier.com/S0028-3932(15)00019-6/sbref105
http://refhub.elsevier.com/S0028-3932(15)00019-6/sbref105
http://refhub.elsevier.com/S0028-3932(15)00019-6/sbref105
http://refhub.elsevier.com/S0028-3932(15)00019-6/sbref106
http://refhub.elsevier.com/S0028-3932(15)00019-6/sbref106
http://refhub.elsevier.com/S0028-3932(15)00019-6/sbref106
http://refhub.elsevier.com/S0028-3932(15)00019-6/sbref106
http://refhub.elsevier.com/S0028-3932(15)00019-6/sbref107
http://refhub.elsevier.com/S0028-3932(15)00019-6/sbref107
http://refhub.elsevier.com/S0028-3932(15)00019-6/sbref107
http://refhub.elsevier.com/S0028-3932(15)00019-6/sbref107
http://refhub.elsevier.com/S0028-3932(15)00019-6/sbref108
http://refhub.elsevier.com/S0028-3932(15)00019-6/sbref108
http://refhub.elsevier.com/S0028-3932(15)00019-6/sbref108

	Impairments in negative emotion recognition and empathy for pain in Huntington's disease families
	Introduction
	Materials and methods
	Participants
	Instruments
	Emotion recognition
	Emotional morphing
	The Awareness of Social Inference Test (TASIT)

	Empathy
	Empathy for Pain Task (EPT)

	Clinical and cognitive assessments

	Data analysis

	Results
	Demographic data
	Emotion recognition
	Emotional morphing
	HD patients
	Relatives

	TASIT
	HD patients
	Relatives


	Empathy
	HD patients
	Relatives

	Clinical and neuropsychological assessments
	HD patients
	Relatives

	The relationship between emotion recognition and empathy
	Associations between EF, emotion recognition, and empathy measures

	Discussion
	The performance of HD patients and relatives on emotion recognition and empathy tasks
	Emotion recognition as a potential biomarker of HD
	Dissociation between EF, emotion recognition, and empathy in HD
	Limitations and further directions

	Conclusions
	Conflict of interest
	Acknowledgments
	References




