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Corticostriatal signatures of schadenfreude: evidence

from Huntington’s disease
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ABSTRACT

Schadenfreude—pleasure at others' misfortunes—is

a multidetermined social emotion which involves

reward processing, mentalising and perspective-taking
abilities. Patients with Huntington’s disease (HD) exhibit
reductions of this experience, suggesting a role of striatal
degeneration in such impairment. However, no study has
directly assessed the relationship between regional brain
atrophy in HD and reduced schadenfreude. Here, we
assessed whether grey matter (GM) atrophy in patients
with HD correlates with ratings of schadenfreude. First,
we compared the performance of 20 patients with HD
and 23 controls on an experimental task designed to
trigger schadenfreude and envy (another social emotion
acting as a control condition). Second, we compared

GM volume between groups. Third, we examined brain
regions where atrophy might be associated with specific
impairments in the patients. While both groups showed
similar ratings of envy, patients with HD reported lower
schadenfreude. The latter pattern was related to atrophy
in regions of the reward system (ventral striatum) and
the mentalising network (precuneus and superior parietal
lobule). Our results shed light on the intertwining of
reward and socioemotional processes in schadenfreude,
while offering novel evidence about their neural
correlates.

INTRODUCTION

Huntington’s disease (HD) is an autosomal-dom-
inant neurodegenerative disorder characterised
by cognitive, motor and behavioural abnormal-
ities associated with neuronal loss within corti-
costriatal circuits.! At the neuroanatomical level,
regional cerebral atrophy occurs in carriers of
the HD gene mutation before clinical symptoms
appear.” Neuroimaging studies®™ have revealed
selective grey matter (GM) atrophy in HD, with
the earliest changes progressing from the dorso-
lateral to the ventromedial portions of the neostri-
atum. The distribution of white matter degener-
ation is widespread, suggesting extensive loss of
structural connectivity early in the clinical course
of the disease. Moreover, atrophy is more prom-
inent over more posterior cortical regions earlier
in the disease.® Subsequently, progressive atrophy
compromises the insula; the primary sensory,
motor and visual cortices; and then the primary
auditory cortex. Finally, atrophy extends to the
entorhinal cortex and cortical regions subserving
high-order functions.’™ Specifically, structural and
functional abnormalities in the basal ganglia and

frontostriatal pathways have been associated with
behavioural changes” and impairments in several
social cognition domains, including emotion
recognition,® mentalising abilities’ and social
emotions. '’

The latter includes schadenfreude, which refers to
the perceiver’s experience of pleasure at another’s
misfortune.'" This is a multidetermined emotion
which can be evoked by hostile feelings and envy.'*
Schadenfreude is relevant in maintaining stability
during social interaction and in regulating social
behaviour.” Moreover, the experience of schaden-
freude engages mechanisms implicated in diverse
social cognitive processes. For instance, schaden-
freude involves heightened reward processing,
accompanied by increased striatal engagement,'?
and it interacts with mentalising and perspec-
tive-taking abilities.!* Indeed, crucial hubs of the
mentalising network may be crucial mediators of
this emotion.'* ¥

In a recent behavioural study,'® we evaluated
patients with HD and asymptomatic first-degree
relatives with a novel paradigm assessing schaden-
freude and envy (another social emotion acting
as a control condition). Schadenfreude was selec-
tively reduced in both groups relative to controls,
with no abnormalities in control conditions (ie,
ratings of envy or ratings for neutral conditions).
As mentioned above, schadenfreude has been
associated with mentalising abilities, which may
also be impaired in patients with HD. Indeed,
these individuals tend to draw faulty inferences
from social situations, and they are impaired in
both affective and cognitive aspects of theory of
mind.'* "

To extend such findings, here we investigated
whether GM atrophy in patients with HD correlates
with schadenfreude ratings. First, we compared the
behavioural performance of patients with HD and
controls on the above-mentioned task. Then, we
compared GM volume in both samples using voxel-
based morphometry (VBM). Finally, we examined
the brain regions where atrophy might be associ-
ated with reduced schadenfreude in the patients.
We expected that such a reduction would be asso-
ciated with the patients’ striatal atrophy as well
as with reduced GM volume in areas subserving
other social cognition domains (eg, mentalising and
emotion recognition). Confirmatory evidence could
pave the way for novel research on the relationship
between reward processing and socioemotional
processes in neurodegenerative diseases.
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Table 1 Demographic, clinical and executive functions assessments

Patients with HD (n=20),

Controls (n=23),

mean (SD) mean (SD) Patients with HD versus controls
Demographics
Age (years) 449 (11.1) 41.5(17.3) NS
Gender (F:M) 12:8 12:11 NS
Education (years) 9.2 (3.8) 10.3 (4.5) NS
Clinical assessment
UHDRS motor score 46.6 (36.5)
PDRS 71.5 (14.4)
Cognitive assessment
Total MoCA score 17.4 (4.5) 25.1(3.9) 0.0000
Total IFS score 14.6 (5.6) 23.1(2.4) 0.0000
IFS subscales
Motor series 2.1(1.1) 2.9(0.3) 0.0007
Conflicting instructions 2.0(0.9) 2.7 (0.4) 0.0008
Go/no-go 1.4(1.2) 2.5(0.7) 0.0002
Backward digit span 2.1(1.1) 3.2(0.9) 0.0002
Verbal working memory 0.7 (0.7) 1.6 (0.7) 0.0002
Spatial working memory 1.6 (0.9) 2.7 (0.9) 0.0003
Abstraction capacity 1.5(1.1) 2.5(0.7) 0.0012
Verbal inhibitory control 3.4(1.9) 5.0 (1.3) 0.0021

HD, Huntington's disease; IFS, INECO Frontal Screening battery; MoCA, Montreal Cognitive Assessment; NS, non-significant; PDRS, Physical Disability Rating Scale; UHDRS, Unified

Huntington'’s Disease Rating Scale.

MATERIALS AND METHODS

Participants

We recruited 20 patients genetically and clinically diagnosed
with HD (see online supplementary file S1), and 23 healthy
controls matched in age, sex and years of education with the
patients (table 1). These samples of patients and controls are
different from those assessed in our previous behavioural
study.' Patients with HD underwent a neurological examination
and were assessed using the Unified Huntington’s Disease Rating
Scale (UHDRS)" motor examination section and the Physical
Disability Rating Scale (PDRS)?’ (table 1). As in previous studies
on this population,”’™ we only included the motor examination
section of the UHDRS because of its robustness as a measure of
disease progression and severity.”* ** All participants provided
written informed consent in agreement with the Declaration of
Helsinki. The institution’s ethics committee approved the study.

Behavioural assessment

The participants’ general cognitive state and their executive
functions were assessed with the Montreal Cognitive Assessment
(MoCA) and the INECO Frontal Screening (IFS) battery, respec-
tively (see online supplementary file S2 and supplementary refer-
ences).

Experimental task

Levels of envy and schadenfreude were measured through a task
previously employed in this population.’® Before testing, each
participant was shown a real-life photograph and a description
of two target characters matched in age and gender with the
participant—relevant data were obtained in a brief initial inter-
view. The task comprised two experimental blocks. In the first
block, participants read eight sentences describing fortunate
events involving two characters. After each sentence, partici-
pants rated the event in terms of how much envy they felt for the
character. In the second block, participants read and reported
the intensity of their pleasure (schadenfreude) in response to

eight unfortunate events happening to the characters (see details
on online supplementary file S3). Given that the presence of
envy increases the probability of experiencing schadenfreude,
13 experimental blocks were presented to all subjects in the same
order. Stimuli were selected taking into account the general
cognitive state of patients with HD.'°

MRI scanning
All participants were scanned in a 1.5T Siemens Magnetom
equipped with a standard head coil (see online supplementary

file S4).

Data analysis

Behavioural data were compared using one-way analysis of vari-
ances. Gender was analysed with a % test. To control for the
influence of general cognitive status on experimental results, we
applied analysis of covariance tests adjusted independently for
total MoCA and IFS scores. Only those effects that remained
significant after covariation were reported. Effect sizes were
calculated through partial eta squared Mm?). In addition, to
explore the relationship between disease severity and patients’
performance, we conducted correlation analyses between
UHDRS and PDRS scores and envy and schadenfreude ratings.
Correlation analyses were also conducted to explore the rela-
tionship between MoCA and IFS scores and performance in the
experimental task.

VBM analysis

Images were preprocessed using the DARTEL Toolbox, in
accordance with previously described procedures” (see
online supplementary file S5).
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Figure 1  Correlations and comparisons between patients with HD

and controls. (A) Differences between the groups in the social emotions
task. Significant differences were found only in schadenfreude ratings. (B)
Regions of significant GM volume loss in the HD group compared with
the control group (p<0.05, FWE-corrected). (C) Atrophied brain regions
related to reduced schadenfreude in patients with HD (p<0.05, FWE-
corrected). GM, grey matter; HD, Huntington’s disease.

Relationship between regional brain atrophy and
performance of patients with HD

Using SPM-12, we performed multiple regression analyses to
explore the association between regional GM reduction and
schadenfreude ratings in patients with HD. In addition, we
tested whether ratings of envy or ratings for neutral situations
were associated with GM atrophy in patients with HD. These
analyses were restricted to areas of significant GM atrophy in
patients relative to controls. Age and total intracranial volume
were included as covariates of no interest (p<0.05, family wise
error (FWE)-corrected, extend threshold=50 voxels).

RESULTS

Patients with HD performed significantly worse than controls
in the MoCA (F(1,41)=36.17, p<0.001, n*=0.47) and the
IES (F(1,41)=44.49, p<0.001, n*=0.52) total scores (table 1).
Moreover, patients with HD were outperformed by controls in
all the IFS subscales (see table 1).

Ratings of schadenfreude and envy

Patients showed significantly lower schadenfreude ratings
than controls (F(1,39)=7.81, p<0.01, n*=0.17). No signif-
icant between-group differences emerged in ratings of envy
(F(1,39)=0.33, p=0.57, 1?=0.01) or ratings for neutral situa-
tions (F(1,39)=0.31, p=0.58, 1?=0.01) (see online supplemen-
tary file S6)

figure 1A).

Correlation analyses between envy ratings and UHDRS
(r=0.06, p=0.88) or PDRS (r=—0.08, p=0.84) scores showed
no significant associations. Likewise, schadenfreude ratings
did not correlate with UHDRS (r=-0.12, p=0.76) or PDRS
(r=—0.18, p=0.66) scores.

Correlation analyses between envy ratings and total MoCA
scores showed no significant associations in any group (patients
with HD: r=-0.21, p=0.38; controls: r=0.26, p=0.21). Simi-
larly, schadenfreude ratings did not correlate with total MoCA
scores in any group (patients with HD: r=-0.03, p=0.90;
controls: r=—0.38, p=0.08). No significant associations were

found either between envy ratings and total IFS scores in any
group (patients with HD: r=—0.10, p=0.66; controls: r=0.31,
p=0.14). Finally, schadenfreude ratings were not associated
with total IFS scores in any group (patients with HD: r=0.09,
p=0.70; controls: r=—0.04, p=0.85).

VBM results

HD brain atrophy

Compared with controls, patients with HD showed reduced GM
volume in the basal ganglia (including the bilateral putamen and
nucleus accumbens, and the right caudate), the left thalamus,
the left middle frontal gyrus (including the premotor cortex),
the right superior parietal lobule, the right precuneus and the
right postcentral gyrus extending to the supramarginal gyrus
(figure 1B; online supplementary table 1).

Atrophied brain regions related to schadenfreude impairments in
patients with HD

We found a significant positive correlation between schaden-
freude ratings in patients and their GM volume in the bilateral
ventral striatum (specifically, the ventral portion of the striatum,
including the nucleus accumbens) and the right superior pari-
etal lobule and precuneus. Thus, lower GM volume in those
areas was associated with a reduced schadenfreude (figure 1C).
No significant correlations emerged between atrophied brain
regions and ratings of envy or ratings for neutral situations in
patients with HD.

DISCUSSION

This is the first study investigating the relationship between
regional GM atrophy and reduced schadenfreude in patients with
HD. We replicated the findings of a recent behavioural study'’
showing lower schadenfreude in this population. This effect was
present even after controlling for cognitive impairment/execu-
tive dysfunction. Moreover, reduced schadenfreude in patients
with HD was not associated with severity of motor symptoms,
functional disability or cognitive impairments. These findings
are line with those of a previous study showing that schaden-
freude may be diminished even in asymptomatic first-degree
relatives of patients with HD.!® Ratings of envy and ratings for
neutral situations were similar between patients with HD and
controls. Also, lower schadenfreude ratings were associated with
lower GM volumes in regions subserving reward processing
(ventral striatum) and mentalising (superior parietal lobule and
precuneus). Such findings illuminate social emotion impairments
in HD while reinforcing the multidetermined nature of schaden-
freude.

In line with previous studies, patients with HD exhib-
ited the reported atrophy pattern involving the basal ganglia
(putamen and caudate) and the thalamus, as well as the frontal
(premotor cortex) and parietal (precuneus and superior parietal
lobule) lobes. No prefrontal cortex atrophy was observed in our
sample, replicating results from previous neuroimaging studies
on patients with HD.?~3?

Multiple regression analysis revealed that reduced schaden-
freude was associated with lower GM volumes in the ventral
striatum, the superior parietal lobule and the precuneus. These
findings may reflect some cognitive mechanisms implicated in
schadenfreude which are impaired in HD. For instance, the
ventral striatum has usually been involved in processing of
reward information. In line with our results, previous functional
neuroimaging reports have systematically associated feelings of
schadenfreude with ventral striatum activity.'> Compatibly, this
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structure plays a central role in processing reciprocity of rewards
during social comparisons.®® The ventral striatum exhibits early
compromise in HD* and reduced activity of this region has
been associated with impaired reward processing in patients
with HD.** Thus, our results suggest that specific reductions
of schadenfreude in this population may be directly linked to
reward system impairments following atrophy of the ventral stri-
atum. As we did not explore the relationship between schaden-
freude and reward processing, future studies in patients with HD
should investigate this specific association.

On the other hand, the superior parietal lobule and the precu-
neus have been associated with mentalising abilities.*® Specifi-
cally, the precuneus is involved in processing intentions related
to the self. In line with these findings, previous studies have been
associated the feeling of schadenfreude with mentalising and
perspective-taking abilities.'* Specifically, mentalising abilities
are involved in schadenfreude since this emotion implies at least
two individuals in whom one’s emotional state depends on the
other’s mental state. Also, schadenfreude involves comparisons
between one’s own outcomes and those of another person.’® In
line with evidence that mentalising and perspective-taking abil-
ities are impaired in HD,” "' our results showed that atrophy
of mentalising network regions is associated with diminished
schadenfreude in this population. Such a reduction may thus
be linked to mentalising and perspective-taking impairments.
Further studies should explore the specific relationship between
mentalising and schadenfreude in patients with HD.

Note that mentalising processes have been observed to engage
other brain areas, including the medial prefrontal cortex.’’*
However, we found no significant GM reduction of prefrontal
regions in HD. Therefore, atrophy of prefrontal regions seems
not to be related to mentalising processes implicated in the
reduced schadenfreude observed in patients with HD (see
online supplementary file S7 and supplemtary references for
supplementary discussion).

Recent studies in other neurodegenerative conditions
(ie, frontotemporal dementia) have shown that patients exhibit
deficits in integrating self-perspectives with those of others
and rewarding benefits. These impairments are associated with
atypicalities in frontotemporal networks. The integration of
self-preferences with the outcomes of another person seems to
be a crucial aspect of the schadenfreude experience. In this study
we showed that reduced schadenfreude in patients with HD
is associated with brain regions supporting reward processing
and mentalising. Future studies should investigate the potential
overlap in neural basis of social emotions and social bargaining
in patients with different neurodegenerative disorders character-
ised by different patterns of GM atrophy.

Ratings of envy were similar between patients with HD
and controls. Moreover, no significant relationship was found
between GM atrophy and envy ratings of patients with HD. This
aligns with evidence of differential activation patterns for envy
and schadenfreude, as the former engages ventral prefrontal
areas, in particular the anterior cingulate cortex.'?*¢ Our results
and previous neuroimaging studies show that GM in these areas
is preserved in patients with HD.?” The differential pattern we
observed arguably reflects the distinct nature and neural basis
of schadenfreude relative to envy. The preservation of this
closely related emotion supports the distinctiveness of schaden-
freude impairments following atrophy in hubs of the reward and
mentalising systems.

In conclusion, the results of this study showed that the
reduced malicious pleasure of schadenfreude in patients with
HD is associated with GM atrophy of regions of the reward and

41-44

mentalising systems. Our findings contribute to the develop-
ment of a new field of research regarding social emotions and
neurodegeneration. From a theoretical point of view, our results
reinforce the notion that schadenfreude is a multidetermined
social emotion which involves reward processing, mentalising
and perspective-taking abilities.'* ** “Our findings may also
have some clinical implications. Schadenfreude may be included
in the clinical assessment of patients with HD. Given that this
emotion is also reduced in asymptomatic first-degree relatives
of patients with HD,' it may constitute a potential marker of
HD onset or vulnerability. Future large-scale longitudinal studies
are required to test this possibility. Moreover, the reduction of
schadenfreude may be linked to relevant clinical symptoms char-
acterised by diminished experience of pleasure, such as depres-
sion and anhedonia. Future studies should explore whether
these clinical symptoms are associated with reduced schaden-
freude in HD. Finally, our results open the door to future studies
investigating social emotion processing in other clinical popu-
lations (eg, Parkinson’s disease, schizophrenia and autism spec-
trum disorders) or non- clinical populations *® characterised by
social-cognitive, striatal or mentalising network impairments .

Author affiliations

"Laboratory of Experimental Psychology and Neuroscience (LPEN), Institute of
Cognitive and Translational Neuroscience (INCyT), INECO Foundation, Favaloro
University, Buenos Aires, Argentina

“Deparment of Psychology, Universidad de los Andes, Bogota, Colombia

3Grupo de Investigacion Cerebro y Cognicion Social, Bogota, Colombia

*National Scientific and Technical Research Council (CONICET), Buenos Aires,
Argentina

>Department of Psychology, Universidad Auténoma del Caribe, Barranquilla,
Colombia

SPontificia Universidad Javeriana, Bogotd, Colombia

7Faculty of Education, National University of Cuyo (UNCuyo), Mendoza, Argentina
¥Center for Social and Cognitive Neuroscience (CSCN), School of Psychology,
Universidad Adolfo Ibafiez, Santiago de Chile, Chile

°Centre of Excellence in Cognition and its Disorders, Australian Research Counci,
Sydney, Australia

Contributors SB, MP, MB, LS and Al developed the study concept and the study
design. MP and MB performed testing and data collection. SB, LS, HS-G and SF
performed the data analysis and interpretation under the supervision of Al and AMG.
SB, HS-G and SF drafted the manuscript, and MP, MB, Al and AMG provided critical
revisions. All authors approved the final version of the manuscript for submission.

Funding This work was partially supported by grants from CONICET, CONICYT/
FONDECYT Regular (1170010), COLCIENCIAS (1115-545-31374, contract: 392),
FONCyT-PICT 2012-0412, FONCyT-PICT 2012-1309, FONDAP 15150012, the HD
Lorena Scarafiocca foundation and the INECO Foundation.

Competing interests None declared.

Patient consent Obtained.

Ethics approval Ethics Committee of the Autonomous Caribbean University.
Provenance and peer review Not commissioned; externally peer reviewed.

Data sharing statement The data that support the findings of this study are
available from the corresponding author on reasonable request.

© Article author(s) (or their employer(s) unless otherwise stated in the text of the
article) 2017. All rights reserved. No commercial use is permitted unless otherwise
expressly granted.

REFERENCES

1 Lawrence AD, Sahakian BJ, Robbins TW. Cognitive functions and corticostriatal
circuits: insights from Huntington's disease. Trends Cogn Sci 1998;2:379-88.

2 Kipps CM, Duggins AJ, Mahant N, et al. Progression of structural neuropathology
in preclinical Huntington's disease: a tensor based morphometry study. J Neurol
Neurosurg Psychiatry 2005;76:650-5.

3 Della Nave R, Ginestroni A, Tessa C, et al. Regional distribution and clinical correlates
of white matter structural damage in Huntington disease: a tract-based spatial
statistics study. AJNR Am J Neuroradiol 2010;31:1675-81.

4 Nopoulos PC, Aylward EH, Ross CA, et al. Cerebral cortex structure in Prodromal
Huntington disease. Neurobiol Dis 2010;40:544-54.

4

Baez S, et al. J Neurol Neurosurg Psychiatry 2017;0:1-5. doi:10.1136/jnnp-2017-316055


https://dx.doi.org/10.1136/jnnp-2017-316055
https://dx.doi.org/10.1136/jnnp-2017-316055
http://dx.doi.org/10.1016/S1364-6613(98)01231-5
http://dx.doi.org/10.1136/jnnp.2004.047993
http://dx.doi.org/10.1136/jnnp.2004.047993
http://dx.doi.org/10.3174/ajnr.A2128
http://dx.doi.org/10.1016/j.nbd.2010.07.014
http://jnnp.bmj.com/
http://group.bmj.com

5

20

21

22

23

24

25

Downloaded from http://jnnp.bmj.com/ on August 1, 2017 - Published by group.bmj.com

Muhlau M, Weindl A, Wohlschlager AM, et al. Voxel-based morphometry indicates
relative preservation of the limbic prefrontal cortex in early Huntington disease. /
Neural Transm 2007;114:367-72.

Rosas HD, Liu AK, Hersch S, et al. Regional and progressive thinning of the cortical
ribbon in Huntington's disease. Neurology 2002;58:695-701.

0'Callaghan C, Bertoux M, Hornberger M. Beyond and below the cortex: the
contribution of striatal dysfunction to cognition and behaviour in neurodegeneration.
J Neurol Neurosurg Psychiatry 2014;85:371-8.

Hennenlotter A, Schroeder U, Erhard P, et a/. Neural correlates associated with
impaired disgust processing in pre-symptomatic Huntington's disease. Brain
2004;127:1446-53.

Allain P, Havet-Thomassin V, Verny C, et al. Evidence for deficits on different
components of theory of mind in Huntington's disease. Neuropsychology
2011;25:741-51.

Baez S, Santamaria-Garcia H, Orozco J, et al. Your misery is no longer my pleasure:
reduced schadenfreude in Huntington's disease families. Cortex 2016;83:78-85.
Heider F. The psychology of Interpersonal Relations: Wiley, 1958.

Takahashi H, Kato M, Matsuura M, et al. When your gain is my pain and your pain is
my gain: neural correlates of envy and schadenfreude. Science 2009;323:937-9.
Cikara M, Fiske ST. Their pain, our pleasure: stereotype content and schadenfreude.
Ann N'Y Acad Sci 2013;1299:52-9.

Shamay-Tsoory SG, Tibi-Elhanany Y, Aharon-Peretz J. The green-eyed monster and
malicious joy: the neuroanatomical bases of envy and gloating (schadenfreude). Brain
2007;130:1663-78.

Chester DS, Powell CA, Smith RH, et al. Justice for the average Joe: the role of

envy and the mentalizing network in the deservingness of others' misfortunes. Soc
Neurosci 2013;8:640-9.

Briine M, Blank K, Witthaus H, et a/. "Theory of mind" is impaired in Huntington's
disease. Mov Disord 2011;26:671-8.

Eddy CM, Sira Mahalingappa S, Rickards HE. Is Huntington's disease associated with
deficits in theory of mind? Acta Neurol Scand 2012;126:376-83.

Snowden JS, Gibbons ZC, Blackshaw A, et a/. Social cognition in frontotemporal
dementia and Huntington's disease. Neuropsychologia 2003;41:688-701.

Siesling S, van Vugt JP, Zwinderman KA, et al. Unified Huntington's disease rating
scale: a follow up. Mov Disord 1998;13:915-9.

Myers RH, Vonsattel JP, Stevens TJ, et al. Clinical and neuropathologic assessment of
severity in Huntington's disease. Neurology 1988;38:341-7.

Boecker H, Ceballos-Baumann A, Bartenstein P, et al. Sensory processing in
Parkinson's and Huntington's disease: investigations with 3D H(2)(15)0-PET. Brain
1999;122:1651-65.

Jech R, Klempir J, Vymazal J, et al. Variation of selective gray and white matter atrophy
in Huntington's disease. Mov Disord 2007;22:1783-9.

Larsen IU, Mortensen EL, Vinther-Jensen T, et al. Personality traits in Huntington's
disease: An exploratory study of gene expansion carriers and non-carriers. Am J Med
Genet B Neuropsychiatr Genet 2016;171:1153-60.

Biglan KM, Ross CA, Langbehn DR, et al. Motor abnormalities in premanifest persons
with Huntington's disease: the PREDICT-HD study. Mov Disord 2009;24:1763-72.
Schippling S, Schneider SA, Bhatia KP, et al. Abnormal motor cortex excitability in
preclinical and very early Huntington's disease. Biol Psychiatry 2009;65:959-65.

26

27

28

29

30

31

32

33

34

35

36

37

38

39

40

41

42

43

44

45

46

Mahant N, McCusker EA, Byth K, et a/. Huntington's disease: clinical correlates of
disability and progression. Neurology 2003;61:1085-92.

Ashburner J, Friston K. Voxel-based morphometry--the methods. Neuroimage
2000;11:805-21.

Aylward EH, Sparks BF, Field KM, et al. Onset and rate of striatal atrophy in preclinical
Huntington disease. Neurology 2004;63:66-72.

Kassubek J, Juengling FD, Kioschies T, et a/. Topography of cerebral atrophy in early
Huntington's disease: a voxel based morphometric MRI study. J Neurol Neurosurg
Psychiatry 2004,75:213-20.

Rosas HD, Salat DH, Lee SY, et al. Cerebral cortex and the clinical expression of
Huntington's disease: complexity and heterogeneity. Brain 2008;131:1057-68.
Douaud G, Gaura V, Ribeiro MJ, et al. Distribution of grey matter atrophy in
Huntington's disease patients: a combined ROI-based and voxel-based morphometric
study. Neuroimage 2006;32:1562-75.

Tabrizi SJ, Langbehn DR, Leavitt BR, et al. Biological and clinical manifestations of
Huntington's disease in the longitudinal TRACK-HD study: cross-sectional analysis of
baseline data. Lancet Neurol 2009;8:791-801.

Fliessbach K, Weber B, Trautner P, et a/. Social comparison affects reward-related brain
activity in the human ventral striatum. Science 2007;318:1305-8.

Enzi B, Edel MA, Lissek S, et al. Altered ventral striatal activation during reward and
punishment processing in premanifest Huntington's disease: a functional magnetic
resonance study. £xp Neurol 2012;235:256-64.

Bzdok D, Schilbach L, Vogeley K, et al. Parsing the neural correlates of moral
cognition: ale meta-analysis on morality, theory of mind, and empathy. Brain Struct
Funct 2012;217:783-96.

Dvash J, Gilam G, Ben-Ze'ev A, et al. The envious brain: the neural basis of social
comparison. Hum Brain Mapp 2010;31:NA-50.

Saxe R, Kanwisher N. People thinking about thinking people. the role of the temporo-
parietal junction in "theory of mind". Neuroimage 2003;19:1835-42.

de Lange FP, Spronk M, Willems RM, et al. Complementary systems for understanding
action intentions. Curr Biol 2008;18:454—7.

Lombardo MV, Chakrabarti B, Bullmore ET, et al. Shared neural circuits for mentalizing
about the self and others. J Cogn Neurosci 2010;22:1623-35.

Mossad SI, AuCoin-Power M, Urbain C, et al. Thinking about the thoughts of others;
temporal and spatial neural activation during false belief reasoning. Neuroimage
2016;134:320-7.

Ibéfiez A, Billeke P, de la Fuente L, et a/. Reply: towards a neurocomputational account
of social dysfunction in neurodegenerative disease. Brain 2017;140:e15.

Melloni M, Billeke P, Baez S, et al. Your perspective and my benefit: multiple

lesion models of self-other integration strategies during social bargaining. Brain
2016:3022-40.

0'Callaghan C, Bertoux M, Irish M, et al. Fair play: social norm compliance failures in
behavioural variant frontotemporal dementia. Brain 2016;139:204-16.

0'Callaghan C, Horberger M. Towards a neurocomputational account of social
dysfunction in neurodegenerative disease. Brain 2017;140:e14.

Gao H, Cao H, Zhou Y, et al. Taking pleasure at another's misfortune: the implicit
Schadenfreude of disaster spectators. Psychol Rep 2014;114:439-60.

Baez S, Herrera E, Adolfo M, et al. Outcome-based moral evaluation in terrorists.
Nature Human Behavior 2017;1:1-8.

Baez S, et al. ) Neurol Neurosurg Psychiatry 2017;0:1-5. doi:10.1136/jnnp-2017-316055


http://dx.doi.org/10.1007/s00702-006-0571-x
http://dx.doi.org/10.1007/s00702-006-0571-x
http://dx.doi.org/10.1212/WNL.58.5.695
http://dx.doi.org/10.1136/jnnp-2012-304558
http://dx.doi.org/10.1093/brain/awh165
http://dx.doi.org/10.1037/a0024408
http://dx.doi.org/10.1016/j.cortex.2016.07.009
http://dx.doi.org/10.1126/science.1165604
http://dx.doi.org/10.1111/nyas.12179
http://dx.doi.org/10.1093/brain/awm093
http://dx.doi.org/10.1080/17470919.2013.846278
http://dx.doi.org/10.1080/17470919.2013.846278
http://dx.doi.org/10.1002/mds.23494
http://dx.doi.org/10.1111/j.1600-0404.2012.01659.x
http://dx.doi.org/10.1016/S0028-3932(02)00221-X
http://dx.doi.org/10.1002/mds.870130609
http://dx.doi.org/10.1212/WNL.38.3.341
http://dx.doi.org/10.1093/brain/122.9.1651
http://dx.doi.org/10.1002/mds.21620
http://dx.doi.org/10.1002/ajmg.b.32501
http://dx.doi.org/10.1002/ajmg.b.32501
http://dx.doi.org/10.1002/mds.22601
http://dx.doi.org/10.1016/j.biopsych.2008.12.026
http://dx.doi.org/10.1212/01.WNL.0000086373.32347.16
http://dx.doi.org/10.1006/nimg.2000.0582
http://dx.doi.org/10.1212/01.WNL.0000132965.14653.D1
http://dx.doi.org/10.1093/brain/awn025
http://dx.doi.org/10.1016/j.neuroimage.2006.05.057
http://dx.doi.org/10.1016/S1474-4422(09)70170-X
http://dx.doi.org/10.1126/science.1145876
http://dx.doi.org/10.1016/j.expneurol.2012.02.003
http://dx.doi.org/10.1007/s00429-012-0380-y
http://dx.doi.org/10.1007/s00429-012-0380-y
http://dx.doi.org/10.1002/hbm.20972
http://dx.doi.org/10.1016/S1053-8119(03)00230-1
http://dx.doi.org/10.1016/j.cub.2008.02.057
http://dx.doi.org/10.1162/jocn.2009.21287
http://dx.doi.org/10.1016/j.neuroimage.2016.03.053
http://dx.doi.org/10.1093/brain/aww316
http://dx.doi.org/10.1093/brain/aww231
http://dx.doi.org/10.1093/brain/awv315
http://dx.doi.org/10.1093/brain/aww315
http://dx.doi.org/10.2466/17.21.PR0.114k19w4
http://jnnp.bmj.com/
http://group.bmj.com

Downloaded from http://jnnp.bmj.com/ on August 1, 2017 - Published by group.bmj.com

Corticostriatal signatures of schadenfreude:
evidence from Huntington's disease

Sandra Baez, Mariana Pino, Mildred Berrio, Hernando
Santamaria-Garcia, Lucas Sedefio, Adolfo M Garcia, Sol Fittipaldi and
Agustin Ibafiez

J Neurol Neurosurg Psychiatry published online August 1, 2017

Updated information and services can be found at:
http://jnnp.bmj.com/content/early/2017/07/31/jnnp-2017-316055

These include:

References This article cites 44 articles, 6 of which you can access for free at:
http://innp.bmj.com/content/early/2017/07/31/jnnp-2017-316055#BIBL

Email alerting Receive free emalil alerts when new articles cite this article. Sign up in the
service box at the top right corner of the online article.

Notes

To request permissions go to:
http://group.bmj.com/group/rights-licensing/permissions

To order reprints go to:
http://journals.omj.com/cgi/reprintform

To subscribe to BMJ go to:
http://group.bmj.com/subscribe/


http://jnnp.bmj.com/content/early/2017/07/31/jnnp-2017-316055
http://jnnp.bmj.com/content/early/2017/07/31/jnnp-2017-316055#BIBL
http://group.bmj.com/group/rights-licensing/permissions
http://journals.bmj.com/cgi/reprintform
http://group.bmj.com/subscribe/
http://jnnp.bmj.com/
http://group.bmj.com

