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Abstract

Objective This study aimed to characterise, emotion perception deficits in symptomatic Huntington's disease
(HD) via the use of event-related potentials (ERPs). Methods ERP data were recorded during a
computerised facial expression task in 11 HD participants and 11 matched controls. Expression (scrambled,
neutral, happy, angry, disgust) classification accuracy and intensity were assessed. Relationships between ERP
indices and clinical disease characteristics were also examined. Results Accuracy was significantly lower for
HD relative to controls, due to reduced performance for neutral, angry and disgust (but not happy) faces.
Intensity ratings did not differ between groups. HD participants displayed significantly reduced visual
processing amplitudes extending across pre-face (P100) and face-specific (N170) processing periods, whereas
subsequent emotion processing amplitudes (N250) were similar across groups. Face-specific and emotion-
specific derivations of the N170 and N250 ('neutral minus scrambled' and 'each emotion minus neutral’,
respectively) did not differ between groups. Conclusions Our data suggest that the facial emotion
recognition performance deficits in HD are primarily related to neural degeneration underlying 'generalised’
visual processing, rather than face or emotional specific processing. Significance ERPs are a useful tool to
separate functionally discreet impairments in HD, and provide an important avenue for biomarker application
that could more-selectively track disease progression.
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Abstract

Objective: This study aimed to characterise, emotion perception deficits in symptomatic

Huntington’s disease (HD) via the use of event-related potentials (ERPS).

Methods: ERP data were recorded during a computerised facial expression task in 11 HD
participants and 11 matched controls. Expression (scrambled, neutral, happy, angry,
disgust) classification accuracy and intensity were assessed. Relationships between ERP

indices and clinical disease characteristics were also examined.

Results: Accuracy was significantly lower for HD relative to controls, due to reduced
performance for neutral, angry and disgust (but not happy) faces. Intensity ratings did not
differ between groups. HD participants displayed significantly reduced visual processing
amplitudes extending across pre-face (P100) and face-specific (N170) processing periods,
whereas subsequent emotion processing amplitudes (N250) were similar across groups.
Face-specific and emotion-specific derivations of the N170 and N250 (‘neutral minus

scrambled’ and ‘each emotion minus neutral’, respectively) did not differ between groups.

Conclusions: Our data suggest that the facial emotion recognition performance deficits in
HD are primarily related to neural degeneration underlying ‘generalised’ visual processing,

rather than face or emotional specific processing.

Significance: ERP’s are a useful tool to separate functionally discreet impairments in HD,
and provide an important avenue for biomarker application that could more-selectively

track disease progression.



Introduction

With the development of up and coming drug trials in Huntington’s disease (HD), there is
an urgent need to identify potential biomarkers that can sensitively track disease
progression and importantly that are functionally relevant (Georgiou-Karistianis et al.,
2013a, Georgiou-Karistianis et al., 2013b, Georgiou-Karistianis et al., 2013c). Previous
studies have identified emotion perception deficits in premanifest HD (pre-HD) individuals
15 years prior to estimated onset (and in the absence of cognitive change), suggesting
that emotion alterations may be one of the earliest quantifiable behavioural changes
observed preclinically (Gray et al., 1997, Stout et al.,, 2011). To this end further
investigation of emotion perception in HD may offer new insights regarding early functional

changes, which could provide an important avenue for biomarker development.

Specific emotion perception deficits in HD were initially documented by
Sprengelmeyer et al., (1996), who used six basic emotions (happiness, sadness, surprise,
anger, disgust, fear) and showed that of these, perception of disgust was the most
severely impaired. Other published studies have reported similar findings in HD
(Hennenlotter et al., 2004, Montagne et al., 2006). However, studies with differing findings
guestioned the degree of impairment for disgust and implicated a universal deficit across
basic negative emotions, primarily anger and fear (Calder et al., 2010, Henley et al., 2008,
Milders et al., 2003, Snowden et al., 2008). Negative behavioural symptoms include
apathy, irritability and an increased incidence of depression, whilst there is an additional
decrease in self-care and personal hygiene (Rosenblatt, 2007, Snowden et al., 2008).
These types of behavioural changes are likely the result of basal ganglia dysfunction
together with alterations in prefrontal function (Georgiou-Karistianis et al., 2013a,
Georgiou-Karistianis et al., 2013c, Gray et al., 2013). Conversely their origins may lie in
the neural structures underlying perceptual and emotional processing of facial expression

stimuli (Gray et al., 2007, Henson et al., 2003). Self-report questionnaires provide insight
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into self-assessed emotional responsiveness, which in some HD studies have shown
trends and significance for lower self-assessed emotion (Sprengelmeyer et al., 1996).
Ratings of emotion intensities and perceived emotionality have not been previously
investigated in HD and may further substantiate a broader emotional effect that is not
specifically a perceptual problem.

Further understanding of the neural substrates and circuitry involved in emotion
perception may provide insight into the behavioural and psychiatric symptoms of HD. A
sensitive technique that can examine emotion perception in HD is event related potential
(ERP) methodology, a derivation of the electroencephalography (EEG). To our knowledge
there are currently no published ERP emotion perception studies in HD. The use of ERPs
has however been implemented in other areas of HD research (for review see Nguyen et
al., 2010), where attenuated amplitudes (reduced coherent neural firing rates) across a
range of ERP indices have been reported (e.g., Antal et al.,, 2003, Beste et al., 2008,
Munte et al., 1997). Emotional faces can similarly be studied using ERPs. Of particular
relevance is that following more generic visual processing (0-100ms), specific structural
encoding of the face occurs at circa 170ms (termed the N170), followed by valance-
dependent processing of the face at circa 250ms (termed the N250). The N170 is primarily
contributed to by fusiform area (FFA) and superior temporal gyrus (STG), whereas the
N250 has less discreet sources (Bentin et al., 1996, Campanella et al., 2002, Henson et
al., 2003). Assessment of the ERPs underlying emotional face processing can thus help
delineate the disparate processes involved in this ecologically relevant function, and in
particular can separate them from the motor-related functions required in performance
measures such as reaction time and accuracy.

This study aimed to investigate for the first time the relationship between emotion
perception deficits and underlying neurophysiological indices in symptomatic HD

participants. We adopted a similar behavioural paradigm to that used previously (see
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Johnson et al., 2007), with negative (disgust and anger), neutral and positive (happy)
emotion types to further substantiate whether deficits in emotion perception are disgust-
specific or generalise to another negative emotion (anger). Moreover, by measuring
ERPs, this study also characterised the nature of the reported neurophysiological
modulation in HD in response to emotional faces. Consistent with previous research it was
hypothesised that HD participants would display decreased accuracy of facial expression
identification, particularly for negative emotions (anger and disgust), compared with
controls. Further, and based on the assumption that the poorer accuracy would
correspond to ‘less’ emotional processing, it was hypothesised that the (subjective)
emotional intensities of these expressions would be reduced in HD compared to controls,
particularly for negative expressions. Finally, given that the literature suggests that the
emotional face processing deficit in HD is specific to negative expressions, it was
hypothesised that HD participants would display attenuated ERP amplitudes relative to
controls for the emotional decoding index (N250) but not the structural encoding index

(N170), particularly for negative expressions.

Method
Participants

Twenty-two right handed [Edinburgh Handedness Inventory, EHI (Oldfield, 1970)],
individuals aged 40 to 70 participated in the study. There were 11 HD participants (eight
male, three female), all clinically diagnosed by a qualified neurologist (A.C). Disease
progression was assessed via the Unified Huntington’s Disease Rating Scale (UHDRS)
motor examination (Huntington Study Group, 1996). Symptomatic HD participants® had a

UHDRS motor score of >5. HD patrticipants had previously undertaken genetic testing and

! UHDRS motor scores for two HD participants were not available.



7
CAG repeat length ranged from 40-472. The HD sample was age, gender and 1Q [National

Adult Reading Test 2" edition, NART-2 (Nelson et al., 1992)] matched to control
participants.

In order to characterise the groups, participants completed a battery of
neurocognitive scales and questionnaires, which were compared using independent
samples Mann-Whitney U tests [Beck Depression Inventory — 2" Edition, BDI-II (Beck et
al., 1961), with HD participants scoring higher than control (p < 0.001); Hospital Anxiety
and Depression Scale, HADS (Zigmond et al., 1983), with HD participants scoring higher
than control on depression (p=0.036) but not the anxiety (p=0.17) subscale; Positive and
Negative Affect Schedule, PANAS (Watson et al., 1988), with reduced Positive (PA.;
p=0.03) and a trend to increased Negative Affect (NA; p=0.07 in the HD group); Olatun;ji et
al. (2007) modification of the Disgust Scale-Revised (DS-R), with HD scoring higher on
‘animal’ (p=0.03) and a trend towards higher scores on ‘contamination’ (p=0.060) subsets,
but no difference on ‘core’ (p=0.188) compared to controls; Emotion Regulation
Questionnaire, ERQ (Gross et al., 2003), where no group differences were found; and
Orientations to Happiness Measure, OTH (Peterson et al., 2005), where no group
differences were found]. See Table 1 for demographic, clinical data, and scores on all
scales.

The current study was approved by the Monash University Human Ethics Board

and each participant gave informed, written consent.

Table 1 about here

Procedure

2CAG repeat length for one HD participant could not be confirmed.
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Participants were prepped for the EEG and then moved into the EEG recording
facility, where they rested for 5 minutes and then completed the facial expression task
followed by the questionnaires and scales. For the facial expression task participants were
provided with a thorough explanation, including familiarisation with each of the questions
and response choices available, followed by a 5-minute practice period during which care

was taken to ensure understanding, and then the main task was given.

Materials and Apparatus

Facial Expression Task

The emotional face perception task utilised three basic emotions, happiness, anger
and disgust, and also included neutral as an emotion type (Ekman, 1999). These facial
expressions were adapted from the Karolinska Directed Emotional Faces (KDEF) set
(Lundqvist et al., 1998). The set consisted of 63 vivid faces, both male and female, with
each face depicting all four facial expressions (see Figure 1). The KDEF has been
validated as a reliable facial set and used in a number of emotion studies (Goeleven et al.,
2008). Additionally, 63 scrambled versions of the KDEF faces were used in the task as
non-facial controls (Henson et al., 2003). Overall, the task consisted of 315 trials,
substantially more than previous emotion perception studies, but a necessary requirement
for ERP analyses, divided into 3 blocks of 105 trials each, with a brief break in between
blocks. Given the requirement for extra stimuli, we did not use other typically-employed
negative emotion types (i.e., fear and sadness) since this would have significantly
increased the duration of the experiment. Therefore our results, concerning negative
emotions, are restricted to emotion processing of disgust and anger, and do not
necessarily generalise to all negative emotion types. The task was run through Cogent
(Welcome Laboratory of Neurobiology, Queen Square, London;

http://www.vislab.ucl.ac.uk/cogent.php) and Matlab 2006b software (Mathworks,
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Massachusetts, USA; http://www.mathworks.com.au/products/matlab/index.html) and
displayed on a 17" computer monitor that was approximately 45cm in front of the
participant, with stimuli 17 x 13 cm. There were two pseudo-random orders of task stimuli,
with the order counterbalanced across participant (and matched across groups). Each trial
was initiated by a fixation cross presented for 500ms, followed by a KDEF stimulus
(expressive or scrambled face) for 750ms, followed by a second fixation cross for 500ms.
After cessation of the second fixation cross, participants were required to respond to two
guestions that were presented following the fixation cross. Each question was displayed
for 1300ms, during which time participants were required to respond. Question one was
“Which Emotion?”, where response options were, Happy, Neutral, Angry or Disgust.
Question two was “How Emotional?” did participants find the stimulus, where participants
had to respond on a Likert scale, from 1 (not very emotional) to 5 (very emotional); points
2-4 were not labelled. Responses were made via computer keyboard. For scrambled

faces participants were required to “Press Any Key”.

Figure 1 about here

EEG Acquisition

A 64-electrode silver-silver chloride (Ag-AgCl) electroencephalography (EEG) elasticised
Quik-cap (Compumedics) was used, configured in accordance with the international 10-20
system. Electrodes were also placed above and below the left eye, and on the other
canthus of each eye (for oculographic recordings), on each mastoid process and with
ground on the forehead. Data were digitised at 1000Hz and impedances were below 10kQ
at the start of the recording. Data were collected and analysed offline by Compumedics

Neuroscan 4.5 software (Melbourne, Australia).
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Data Analysis

Behavioural: Accuracy was defined for each emotion type as correct, incorrect or no
response, and in line with previous literature (Johnson et al., 2007) calculated as a
percentage of the total number of stimuli for each emotion type. Intensity was defined as
the average Likert response per emotion type.

ERP: EEG data were digitally filtered with a band-pass zero phase-shift filter of 0.5-30Hz
(24 dB roll-off), re-referenced to the digitally calculated mean of the mastoid processes,
EOG corrected (Semlitsch et al., 1986), epoched -200ms pre-stimulus to 800ms post-
stimulus, baseline corrected, artefact rejected (EEG channels; > +/-75uV), and averaged
for each face type separately. Data were then converted to common average reference,
and grand mean waveforms created across subjects for scrambled faces and face-specific
types combined (‘Faces’; which omitted the scrambled ERPS), to establish the time range
of the general visual processing (90-150 ms) and face-specific processing (136-216 ms)
ERP peaks respectively, for the combined groups.

Peak Picking: The P100 latency for each participant’'s scrambled face ERP was then
defined as the most positive point within the range of the grand mean P100 latency +/- 15
ms, at POZ. N170 latency was similar defined, differing in that the grand mean N170
latency was used from the Faces ERP, and that neutral, happy, angry and disgust faces
were then scored for the individuals separately. The P100 amplitude for each subject and
face type was then calculated as the difference between the amplitudes at PO7, POZ and
PO8 (positive) and F7, FZ and F8 (negative), respectively, and for the N170 amplitude as
the difference between the amplitudes at PO7, POZ and PO8 (negative) and F7, FZ and
F8 (positive), respectively. To reduce the influence of latency variation on the P200 and
N250 peak picking, for each individual and face (excluding scrambled) ERP separately; 1/
P200 latency was defined relative to the preceding N170 peak (as the most positive peak

in the range of the ‘N170 latency + 70 ms’ to ‘N170 latency + 130 ms’, at POZ), with the
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peak calculated as the difference between the amplitudes at PO7, POZ and POS8

(positive) and F7, FZ and F8 (negative) respectively®: and 2/ N250 latency was defined
relative to the preceding P200 peak (as the most negative peak in the range of the ‘P200
latency + 0 ms’ to ‘P200 latency + 60 ms’, at POZ), with peak calculated as the difference
between the amplitudes at PO7, POZ and POS8 (negative) and F7, FZ and F8 (positive),

respectively.

Statistical Analysis

As sample sizes were small (N=11 per group), planned non-parametric comparisons were
performed. These do not have the degree of flexibility that parametric tests have, and so
the following simplified variables were computed to allow relevant hypotheses to be
tested. For each participant: For the P100 index, peak amplitude data for Scrambled
stimuli were averaged across the 3 levels of laterality (left, midline, right), creating the
variable ‘S’. For the N170 index, peak amplitude data for each of the Scrambled and
Neutral stimuli separately, were averaged across the 3 levels of laterality (left, midline,
right), creating ‘S’ and ‘N’ respectively, and an index of ‘face specific processing’ was
created by subtracting peak amplitude results for ‘'S’ from ‘N’ (Face Effect) . For the N250
peak amplitude, data for each of the Neutral, Angry, Disgust and Happy stimuli separately,
were averaged across the 3 levels of laterality (left, midline, right), creating ‘N’, ‘A’, ‘D’ and
‘H’ respectively, and indices of ‘emotion specific processing’ were created by subtracting
peak amplitude results from each of ‘A’, ‘D’ and ‘H’, from ‘N’, creating ‘Angry Effect’,
‘Disgust Effect’ and ‘Happy Effect’ respectively. The parallel derivation was computed for
each of the behavioural measures (Accuracy and Intensity). Further, average behavioural
measures were created across all face emotion types (N, A, D, H), for each of Accuracy

and Intensity (‘Faces’), and for P100, averages across all face types were created (S, N,

% Note that the P200 peak was defined in order to determine the N250 latency, but was not further analysed.
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A, D, H; All Faces). For each such variable, subscripts denote the dependent variable of
interest (e.g., ‘Angry EffectP100’ for the P100 Angry Effect derivation). Due to the small
sample size and exploratory nature of this study, no adjustment for Type | error was

conducted. Statistics were conducted using SPSS v19.

Behavioural

A Wilcoxon’s Rank Sum tested for differences in each of Accuracy (percentage correct)
and Intensity, for each of Faces, neutral, happy, angry and disgust faces separately, as

well as for Angry Effect, Disgust Effect and Happy Effect.

Electrophysiological

Role of Visual Processing (Prior to Face-Specific Processing) in HD

To determine whether general visual processing differed between the groups, a

Wilcoxon’s Rank Sum test compared HD and control ‘All Facespigo’ Values.
Role of Facial Processing in HD

1/ To verify that structural encoding of the faces resulted in enhanced processing of the
N170, a Wilcoxon’s Sign Rank test was used to compare ‘Sni7o’ t0 ‘Nni170’ for the whole
sample; 2/ To determine whether the N170 to faces differed between the groups, a
Wilcoxon’s Rank Sum test compared Control to HD ‘Nni70’ amplitudes; 3/ To determine
whether any enhanced N170 processing to ‘N’ (relative to ‘'S’) differed between groups, a
Wilcoxon’s Rank Sum test compared Control to HD ‘Face Effectnizo’ values; 4/ To
determine whether enhanced face (‘N’) processing occurred relative to ‘S’, within each

group separately, a Wilcoxon’s Sign Rank test was used to compare ‘Syi70’ to ‘Nn17o™.

Role of Emotional Processing in HD

* Note that although analyses 3 and 4 are very similar, analysis 4 was added because although it has the
limitation of not being able to compare the groups directly, it has the advantage of being fully within subject
and thus more sensitive than Analysis 3 to face-related processing changes.
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1/ To determine whether emotional modulation of the N250 was achieved, Wilcoxon’s
Sign Rank tests were used to compare ‘Nnzso’ to each of ‘Anzso’ , ‘Dnzso’ and ‘Hyzso', for
the whole sample; 2/ To determine whether N250 processing differed between groups, a
Wilcoxon’s Rank Sum test compared Control to HD ‘Nnzso’ values. 3/ To determine
whether any enhanced N250 processing to the emotional faces differed between groups,
Wilcoxon’s Rank Sum tests compared Control to HD ‘Angry Effectnzso’, ‘Disgust Effectyzso’
and ‘Happy Effectnoso’ values. 4/ To determine whether emotional modulation of the N250
were achieved, within each group separately, Wilcoxon’s Sign Rank tests were used to

compare ‘Nzso’ to each of ‘Anzso’ , ‘Dnzso’ and ‘Hyzso™.

Associations with Clinical Measures

‘Spearman’s measure of association’ analyses were performed within the HD group to
investigate possible relationships between clinical characteristics (CAG repeat length,
years since diagnosis and UHDRS motor score), and any dependent variables that
significantly differed between groups. Moreover, for HD participants, of the other
scales/questionnaires that significantly differed between groups (i.e., BDI-lIl, PANAS-PA

and Disgust-An) none correlated with the significant dependant variables in this study.

Results

Behavioural

As can be seen in Table 2, accuracy (percentage) scores were lower in HD than controls
for the combined Faces (p=0.006), with subsequent analyses showing that this was due to
reductions in each of neutral (p=0.020), angry (p=0.006) and disgust (p<0.001) faces, with
no difference for happy faces (p=0.792). There was a trend towards reduced Happy Effect

(p=0.094) and greater Angry Effect (p=0.130) and Disgust Effect (p=0.063) in HD
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participants. As can be seen in Table 3, intensity scores did not differ between the groups

for any face nor emotion-effect type (p>0.341).

Electrophysiological

ERP waveforms for each of the five face types are shown for each group separately, in

Figure 2.

Role of Visual Processing (Prior to Face-Specific Processing) in HD

As indexed by the All Facespioo amplitude, HD patients (mean=1.94, SD=2.16,
median=1.28) had smaller visual processing responses (prior to face-specific processing)

than Controls (mean=4.06, SD=2.30, median=4.22; p=0.045).

Role of Facial Processing in HD

1/ Verifying that structural encoding of the faces resulted in enhanced N170 processing,
for the combined group, Facesnizo (mean=-4.96, SD=3.39, median=-4.17) had larger
amplitudes than scrambled faces (mean=-3.29, SD=4.37, median=-2.65; p=0.003). 2/
Demonstrating an impairment in facial processing, ‘Faceni7o’ was reduced in HD (mean=-
3.31, SD=2.75, median=-2.59) relative to controls (mean=-6.61, SD=3.25, median=-7.48;
p=0.017). 3/ No difference in face-specific processing (‘Face Effectyi70)) was found
between HD (mean=-1.09, SD=2.68, median=-2.66) and controls (mean=-2.26, SD=2.65,
median=-1.51; p=0.491). 4/ However, suggesting that this lack of difference in face-
specific processing may have been affected by the small sample size, ‘Sni70’ and
‘Faceni7o’ differed in controls (Faces: see above; Scrambled: mean=-4.35, SD=3.88,
median=-3.33; p=0.010), but not HD patients (Faces: see above; Scrambled: mean=-2.23,

SD=4.75, median=-0.16; p=0.182), using the more sensitive within-subjects comparison.

Role of Emotional Processing in HD
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1/ For the combined sample, relative to Neutral (mean=0.94, SD=2.79, median=0.79),
there were reduced N250 amplitudes to Disgust (mean=0.37, SD=2.48, median=0.71;
p=0.024) and a trend to reduced N250 amplitudes to Angry (mean=0.56, SD=2.63,
median=0.63; p=0.082) faces, but no effect on Happy faces (mean=1.02, SD=2.76,
median=1.43; p=0.884). 2/ No evidence of an ‘Nnzso’ amplitude group difference was
found (i.e. independent of emotion; p=0.818). 3/ No difference in emotion-specific
processing was found between HD and control groups for either ‘Angry Effectyzso’
(p=0.768), ‘Disgust Effectnoso’ (p=0.412) or ‘Happy Effectnzso’ (p=0.577). 4/ However,
suggesting that that the lack of group differences for the above Angry and Disgust
emotion effects may have been related to the small sample size, for controls, ‘Anzso’
(p=0.050) and ‘Dnzso’ (p=0.050) but not ‘Hnzso' (p=0.722) were larger than ‘Np2so’
amplitudes, whereas no differences were seen relative to ‘Np2so’ for HD (‘Anzso’, p=0.534;

‘Dnazso’, p=0.213; ‘Hnzso’, p=0.859).

Associations with Clinical Measures

The only significant (p<0.05) association between the significant dependent variables
described above and either CAG repeat length, years since diagnosis and UHDRS motor
score, was between CAG repeat length and P100 amplitude to all faces (i.e., general
visual processing; r=-0.67, p=0.031), with a further trend to a similar inverse relation
between CAG repeat length and accuracy to neutral faces (r=-0.59, p=0.072); see Table

4.

Discussion

The present study found that recognition of emotional faces was less accurate in

HD patients relative to controls, an effect driven by poorer accuracy to each of neutral,
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angry and disgust faces. This provides a replication of previous research reporting poorer
recognition accuracy for disgust in HD (e.g., Hennenlotter et al., 2004, Montagne et al.,
2006, Sprengelmeyer et al., 1996). However, as impairment to angry faces was also
observed, the present study does not support the notion that disgust (or the neural
processes subserving its recognition) is qualitatively different to other negative emotions,
but accords well with recent studies reporting deficits in other negative emotion processing
(specifically anger). This suggests a more universal deficit in negative emotion processing
(Calder et al., 2010, Dogan et al., 2013, Henley et al.,, 2008, Johnson et al., 2007,
Snowden et al., 2008). It should be noted however that as the present study did not use
sad or fearful faces, it was not able to determine the degree of generalizability. It is difficult
to determine how this conclusion is affected by the neutral face impairment found in the
present study. Snowden et al.,, (2008) failed to find impairments in neutral facial
discrimination in HD. Moreover, impairments were not found in premanifest HD (Johnson
et al., 2007) or in symptomatic HD using neutral video clips (Dogan et al., 2013). It is
unclear what may be driving the difference in results between this study and that by
Snowden et al., (2008) since there is limited information on the neutral face performance
results provided by Snowden et al., (2008). However, given that the control group in the
Snowden et al., (2008) study were 10 years older than the manifest HD group (with the
former similar in age to both the control and HD group of the present study), it is possible
that age related decline may have obscured impairments in that study. However, should
the present result be replicated, it would suggest that the impairment in HD is present in
all non-positive valanced stimuli, or alternatively that neutral stimuli are viewed as
negatively valanced (with the latter perhaps due to a difficulty in delineating neutral from
negatively valanced faces).

Early visual processing (as indexed by the P100 amplitude) was reduced in HD

compared to controls, regardless of face or emotion type. This finding is consistent with a
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number of studies reporting impairments in early visual processing in HD (Antal et al.,
2003, Ellenberger et al., 1978, Josiassen et al., 1984, Oepen et al., 1981), although others
have failed to identify such an impairment (Ehle et al., 1984, Munte et al.,, 1997,
Rosenberg et al., 1985, Scott et al., 1972). Such an impairment provides another
explanation for the results; it is possible that prior to face and facial emotion processing,
there is a visual processing deficit in HD that makes subsequent processing more difficult.
This is consistent with the reduced N170 measure of structural decoding of the faces that
was also found in HD, as it was independent of whether the faces were real or scrambled
(and thus not face-specific), and also the lack of N250 group difference, which indexes the
valance-specific emotional decoding of the faces. That is, there was nothing specific about
the emotional content of the faces that differentiated the groups. This interpretation is
consistent with a recent study assessing emotional response to auditory sounds in HD
participants (Robotham et al., 2011), which reported performance decrements in HD
across all emotion types, including positive valence sounds. However, given the use of a
different modality (auditory as opposed to visual), and the lack of comparison between
emotional and non-emotional sounds, it is difficult to translate the relevance to emotional
face processing.

The difficulty with this hypothesis is that it does not appear to explain the differential
accuracy of happy compared with neutral, angry and disgust faces. However, given that
healthy controls are more accurate for neutral than angry faces, and angry than disgust
faces (with the same pattern found in the present sample), the differential impairment
within these face types in HD may merely be due to the relative difficulty. That is, given
the impairment in visual processing, such faces may be somewhat difficult to process, and
given the ‘normal’ hierarchy of difficulty for the faces (e.g., Harmer et al., 2004), in HD the
impairment may merely be exaggerated for disgust relative to anger, and anger relative to

neutral.
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However, ‘happy’ faces did not fit this pattern, as they are typically more difficult
than neutral stimuli to identify (as was the case in the present control group), and were not
impaired in the present HD sample. This suggests that in addition to the general visual
impairment in HD, emotional processing is also impaired but not observed in the present
study. Particularly given the small sample size (11 versus 11), and the corresponding
possibility of Type Il error, we further explored this by comparing the N250 index of
valance processing between neutral and each of happy, angry and sad faces, within each
group separately. This represents a far more sensitive test as it is entirely ‘within-subject’
and thus less affected by between-subject variability. Here we found significant reductions
in both angry and disgust (but not happy) faces relative to neutral, but only for controls.
Similarly, the N170 index of structural encoding of the faces was larger for real than
scrambled faces for controls, but not for HD. Thus the small sample size may have
precluded the identification of differential emotional modulation for the groups, and the
possibility of independent impairments in visual, facial and emotional processing cannot
be ruled out.

This sample size limitation argues strongly for the use of substantially larger
samples in future investigations. However, it should be noted that the small sample size
will not increase Type | error (but rather require larger effect sizes to detect significant
differences), and so the positive findings in the present study are not susceptible to this
limitation. Instead, this means that the significant impairments reported here (accuracy
and general visual processing) are associated with larger effect sizes than, for instance,
the above speculated emotional processing deficits (N250 for anger and disgust). This is
an important outcome to inform the search for functional biomarkers, which suggest that
behavioural measures of emotional processing were more robust than the

electrophysiological (N250). However, whether this will correspond to greater biomarker
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utility remains to be seen, as it would depend on the relative expression of these functions
pre-symptomatically, and which of the measurements are more functionally relevant.

In support of a visual processing deficit in HD (independent of facial or emotional
processing), there was a strong inverse association between CAG repeat length and P100
amplitude (r=-0.68), as well as a trend toward an association with overall accuracy (r=-
0.48; non-significant). This is an interesting finding in that it was independent of ‘Years
Since Diagnosis’, and the associated ‘UHDRS’ motor scores, and thus may represent a
core visual processing deficit that may have a different trajectory to the development of
motor signs. Further exploration of this relationship is clearly warranted.

Contrary to our hypothesis, intensity ratings did not differ between groups for any
emotion type, nor for any emotion-effect. Further, this does not appear to be due to Type Il
error, as algebraic means were almost identical for the groups. However, it is difficult to
determine what this in fact means for the experiential intensity of the HD participants, as
the subjectivity of the rating makes comparisons difficult to interpret. For example, it may
be that HD and control participants experienced the emotional faces similarly, or
alternatively it may be that HD participants experience a generally flatter emotional
landscape, and that they scored the emotion of the faces relative to their less intense
emotional experiences more generally. The lack of objectivity of this metric questions its
utility in the current search for HD biomarkers.

It should be noted that the present ERP methodology differs from the behavioural
research on emotional face processing HD. For example, the current method used shorter
inter-stimulus intervals (ISI's), as well as shorter periods allocated for evaluation and
behavioural responses to the stimuli (1300ms each). This difference was due to the large
number of stimuli required to obtain adequate ERP signals, but may have altered the task
when compared to performance-based research by making it somewhat more difficult.

However, the briefer ISI's are sufficient to generate emotion-based differences in face
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ERPs. Moreover, and as evidenced by the current performance data, all participants
performed with a high degree of accuracy (neutral: >75% correct, compared to the
chance level of 25%) and group differences were found as a function of emotion type, in
spite of the shorter evaluation and behavioural response periods in the present study.
Another issue to consider is that, as per standard behavioural and ERP protocols, fixation
was not required for the presentation of face stimuli. This raises the possibility that the
visual processing deficits observed in the HD group were not due to poorer neural
processing per se, but rather less visual stimulation reaching the brain. However, as both
groups performed with a high degree of accuracy for happy faces, this suggests that
fixation was adequate for successful discrimination in both groups. This therefore does not
explain the reduced visual processing responses in the HD group.

In summary the present study has replicated previous reports of impairments in
behavioural measures of negative (but not positive) emotion processing in HD, as well as
demonstrated impairments in neutral face processing. We also reported impaired visual
processing in HD (P100; prior to face or emotion processing), without clear evidence of
differences in face-specific (N170) or emotion-specific (N250) processing. This suggests
that the reduced emotion recognition performance in HD reported in the literature (and
here) is likely to represent a number of discreet impairments, and that electrophysiological
methods offer new avenues for delineating such impairments. Further longitudinal
investigation of such methods is required to assess their utility as sensitive biomarkers of

disease progression for therapeutic trials.



21

References

Antal A, Beniczky S, Kincses TZ, Jakab K, Benedek G, Vecsei L. Perceptual
categorization is impaired in Huntington's disease: an electrophysiological study.
Dement Geriatr Cogn Disord 2003;16:187-92.

Beck AT, Ward CH, Mendelson M, Mock J, Erbaugh J. An inventory for measuring
depression. Arch of Gen Psychiatry 1961;4:561-71.

Bentin S, McCarthy G, Perez E, Puce A, Allison T. Electrophysiological studies of face
perception in humans. J Cogn Neurosci 1996;8:551-65.

Beste C, Saft C, Andrich J, Gold R, Falkenstein M. Stimulus-response compatibility in
Huntington's disease: a cognitive-neurophysiological analysis. J Neurophysiol
2008;99:1213-23.

Calder AJ, Keane J, Young AW, Lawrence AD, Mason S, Barker R. The relation between
anger and different forms of disgust: Implications for emotion recognition impairments in
Huntington's disease. Neuropsychologia 2010;48:2719-29.

Campanella S, Quinet P, Bruyer R, Crommelinck M, Guerit J-M. Categorical Perception of
Happiness and Fear Facial Expressions: An EPR Study. J Cogn Neurosci 2002;14:210-
27.

Dogan I, Sal3 C, Mirzazade S, Kleiman A, Werner CJ, Pohl A, et al. Neural correlates of
impaired emotion processing in manifest Huntington's disease. Soc Cognitive Affect
Neurosci 2013;In press. doi:10.1093/scan/nst029.

Ehle AL, Stewart RM, Lellelid NA, Leventhal NA. Evoked potentials in Huntington's
disease. A comparative and longitudinal study. Arch Neurol 1984;41:379-82.

Ekman P. Basic Emotions. In: T D, M P, editors. Handbook of Cognition and Emotion.
Sussex, UK: John Wiley & Sons, 1999: p. 45-60.

Ellenberger CJ, Petro DJ, Ziegler SB. The visually evoked potential in Huntington disease.

Neurology 1978;28:95-7.



22

Georgiou-Karistianis N, Gray MA, Dominguez D JF, Dymowski AR, Bohanna |, Johnston
LA, et al. Automated differentiation of pre-diagnosis Huntington's disease from healthy
control individuals based on quadratic discriminant analysis of the basal ganglia: The
IMAGE-HD study. Neurobiol Dis 2013a;51:82-92.

Georgiou-Karistianis N, Scahill R, Tabrizi SJ, Squitieri F, Aylward E. Structural MRI in
Huntington's disease and recommendations for its potential use in clinical trials.
Neurosci Biobehav Rev 2013b;37:480-90.

Georgiou-Karistianis N, Stout JC, Dominguez D JF, Carron SP, Ando A, Churchyard A, et
al. Functional magnetic resonance imaging of working memory in Huntington’s disease:
Cross-sectional data from the IMAGE-HD study. Human Brain Mapping 2013c;In press.
doi:10.1002/hbm.22296.

Goeleven E, De Raedt R, Leyman L, Verschuere B. The Karolinska Directed Emotional
Faces: A validation study. Cogn Emot 2008;22:1094-118.

Gray J, Young AW, Barker W, Curtis A, Gibson D. Impaired recognition of disgust in
Huntington's disease gene carriers. Brain 1997;120:2029-38.

Gray MA, Egan GF, Ando A, Churchyard A, Chua P, Stout JC, et al. Prefrontal activity in
Huntington's disease reflects cognitive and neuropsychiatric disturbances: The IMAGE-
HD study. Exp Neurol 2013;239:218-28.

Gray MA, Harrison NA, Wiens S, Critchley HD. Modulation of emotional appraisal by false
physiological feedback during fMRI. PloS ONE 2007;2:e546.

Gross JJ, John OP. Individual Differences in Two Emotion Regulation Processes:
Implications for Affect, Relationships, and Well-Being. J Pers Soc Psychol 2003;85:348-
62.

Harmer CJ, Shelley NC, Cowen PJ, Goodwin GM. Increased positive versus negative
affective perception and memory in healthy volunteers following selective serotonin and

norepinephrine reuptake inhibition. Am J Psychiat 2004;161:1256-63.



23
Henley S, Wild E, Hobbs N, Warren J, Frost C, Scahill R, et al. Defective emotion

recognition in early HD in neuropsychologically and anatomically generic.
Neuropsychologia 2008;46:2152-60.

Hennenlotter A, Schroeder U, Erhard P, Haslinger B, Stahl R, Weindl A, et al. Neural
correlates associated with impaired disgust processing in pre-symptomatic Huntington's
disease. Brain 2004;127:1446-53.

Henson RN, Goshen-Gottstein Y, Ganel T, Otten LJ, Quayle A, Rugg MD.
Electrophysiological and Haemodynamic Correlates of Face Perception, Recognition
and Priming. Cereb Cortex Journal 2003;13:793-805.

Huntington Study Group. Unified huntington's disease rating scale: Reliability and
consistency. Mov Disord 1996;11:136-42.

Johnson SA, Stout JC, Solomon AC, Langbehn DR, Aylward EH, Cruce CB, et al. Beyond
disgust: Impaired recognition of negative emotions prior to diagnosis in Huntington's
disease. Brain 2007;130:1732-44.

Josiassen RC, Shagass C, Mancall EL, Roemer RA. Auditory and visual evoked potentials
in Huntington's disease. Electroencephalogr Clin Neurophysiol 1984;57:113-8.

Lundqvist D, Flykt A, O'hman A. The Karolinska Directed Emotional Faces (KDEF).
Stockholm: Department of Neurosciences Karolinska Hospital, 1998.

Milders M, Crawford J, Lamb A, Simpson A. Differential deficits in expression recognition
in gene-carriers and patients with Huntington's disease. Neuropsychologia
2003;41:1484-92.

Montagne B, Kessels RPC, Kammers MPM, Kingma E, De Haan EHF, Roos RAC, et al.
Perception of emotional facial expressions at different intensities in early-symptomatic

Huntington's disease. Eur Neurol 2006;55:151-4.



24
Munte T, Ridao-Alonso M, Preinfalk J, Jung A, Wieringa B, Matzke M, et al. An

Electrophysiological Analysis of Altered Cognitive Functions in Huntington's Disease.
Arch Neurol 1997;54:1089-98.

Nelson HE, Willison J, Owen AM. National Adult Reading Test, 2nd Edition. Int J Geriatr
Psychiatry 1992;7:533.

Nguyen L, Bradshaw JL, Stout JC, Croft R, J., Georgiou-Karistianis N.
Electrophysiological measures as potential biomarkers in Huntinton's disease: Review
and future directions. Brain Res Rev 2010;64:177-94.

Oepen G, Doerr M, Thoden U. Visual (VEP) and somatosensory (SSEP) evoked
potentials in Huntington's chorea. Electroencephalogr Clin Neurophysiol 1981;51:666-
70.

Olatunji BO, Williams NL, Tolin DF, Abramowitz JS, Sawchuk CN, Lohr JM, et al. The
Disgust Scale: Item Analysis, Factor Structure, and Suggestions for Refinement.
Psychol Assessment 2007;19:281-97.

Oldfield RC. The assessment and analysis of handedness: The Edinburgh inventory.
Neuropsychologia 1970;9:97-113.

Peterson C, Park N, Seligman MEP. Orientations to happiness and life satisfaction: The
full life versus the empty life. J Happ Stud 2005;6:25-41.

Robotham L, Sauter DA, Bachoud-Lévi A, Trinkler I. The impairment of emotion
recognition in Huntington's disease extends to positive emotions. Cortex 2011;47:880-
884.

Rosenberg C, Nudleman K, Starr A. Cognitive evoked patentials (P300) in early
Huntington's disease. Arch Neurol 1985;42:984-7.

Rosenblatt A. Neuropsychiatry of Huntington's disease. Dialogues Clin Neurosci

2007:9:191-7.



25
Scott DF, Heathfield KW, Toone B, Margerison JH. The EEG in Huntington's chorea: a

clinical and neuropahological study. J Neurol Neurosurg Psychiatry 1972;35:97-102.

Semlitsch HV, Anderer P, Schuster P, Presslich O. A solution for reliable and valid
reduction of ocular artifacts, applied to the P300 ERP. Psychophysiology 1986;23:695-
703.

Snowden J, Austin N, Sembi S, Thompson J, Craufurd D, Neary D. Emotion recognition in
Huntington's disease and frontotemporal dementia. Neuropsychologia 2008;46:2638-
49.

Sprengelmeyer R, Young AW, Calder AJ, Karnat A, Lange H, Homberg V, et al. Loss of
disgust: Perception of faces and emotions in Huntington's disease. Brain
1996;119:1647-65.

Stout JC, Paulsen JS, Queller S, Solomon AC, Whitlock K, Campbell C, et al.
Neurocognitive Signs in Prodromal Huntington Disease. Neuropsychology 2011;25:1-
14.

Watson D, Clark LA, Tellegen A. Development and Validation of Brief Measures of
Positive and Negative Affect: The PANAS Scales. J Pers Soc Psychol 1988;54:1063-
70.

Zigmond AS, Snaith RP. The hospital anxiety and depression scale. Acta Psychiatr Scand

1983;67:361-70.



26

Figure Legends

Figure 1. Examples of the Karolinska Directed Emotional Faces set depicting the four emotional expressions (angry, neutral, happy and

disgust) and a scrambled face (Lundqvist et al., 1998).

Figure 2. Event-related potentials are displayed for Control (left hand column) and HD (right hand column) groups

separately, for Fz (top row) and POz (bottom row) derivations separately, for each of the five face types (including

‘scrambled’).
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Table 1.

Means (M), Standard Deviations (SD) and Ranges of Participant Demographic, Clinical Data

and Questionnaire Scores.

Control HD
(n=11) (n=11)

M SD Range M SD Range
Age 55.64 7.06 40-65 56.82 9.81 42-70
Disease duration” - - - 530 4.42 0-14
CAG repeats” - - - 42.30 2.00 40-47
UHDRS? - - - 16.67 9.31 7-30
BDI-II 2.73* 2.10 0-7 13.09* 8.17 0-30
NART-R 1791 5.70 8-27 21.10 7.22 9-33
HADS-A 355 250 1-7 555 3.70 0-13
PANAS-PA 36.27* 3.17 31-41 29.73* 8.80 12-40
PANAS-NA 14.64 7.88 10-36 17.27 4.67 10-2
ERQ-R 30.64 5.10 24-37 2755 4.82 21-36
ERQ-S 14.36 4.41 7-18 17.36 5.85 8-25
OTHS-M 17.09 3.67 12-24 18.91 591 8-26
OTHS-E 18.00 3.49 14-23 16.91 5.77 7-24
OTHS-P 18.81 2.40 14-22 17.18 4.40 10-26
Disgust-Core 159 52 2.67-.83 207 .71 1.08-3.08
Disgust-An 1.18* .68 .63-2.75 2.12* 1.02 .54
Disgust-Cont .84 .71 0-2.6 156 96 0-3.2

Note. Each group comprised 8 males and 3 females. Disease characteristics (CAG repeat length and
disease duration) for one HD participant and UHDRS scores for two HD participants were not
available, reducing n to 10 and 9 for rows designated with # and " respectively. Dashes represent
where descriptive information was not applicable. Age and Disease duration = years. CAG repeat
length of the IT15 gene. UHDRS = Unified Huntington Disease Rating Scale, scores increase with
motor symptoms severity. BDI-Il = Beck Depression Inventory, 2" Edition (score 0-13 minimal, 14-19
mild, 20-28 moderate, 29-63 severe). NART-R = National Adult Reading Test- Revised (maximum
score 50). HADS-A = Hospital Anxiety and Depression Scale, Anxiety subscale (maximum score 21).
PANAS = Positive Affect (PA) and Negative Affect (NA) Scale (both maximum score 50). ERQ =
Emotional Regulation Questionnaire, R = Reappraisal (maximum score 42), S = Suppression
(maximum score 28). SWLS = Satisfaction With Life Scale (maximum score 35). OTHS = Orientations
To Happiness Scale, M = Meaning, E = Engagement, P = Pleasure, (each subscale maximum score
30). Disgust scale, Core, Animal and Contamination subscale (each subscale maximum score 4).

* Significant (p<.05) difference between groups.
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Table 2.
Means (M), Standard Deviations (SD) and Percentages (%) for Correct, Errors and No

Response Scores for HD and Control Participants During the Facial Expression Task.

Control HD
M SD % M SD %

Happy

Correct 53.45 13.16 84.84 52.73 10.18 83.70
Errors 155 121 246 7.73 10.57 12.27
No Response 8.00 1296 12.70 2.45 2.84 3.89
Neutral

Correct 54.18 12.33 86.00 47.64 10.41 75.62
Errors 345 6.65 548 1091 856 17.32
No Response 5.36 11.99 8.51 436 482 6.92
Anger

Correct 50.45 10.39 80.08 38.64 12.75 61.33
Errors 755 425 11.98 20.18 9.39 32.03
No Response 5.09 11.18 8.08 436 5.63 6.92
Disgust

Correct 48.18 13.10 76.48 24.73 15.58 39.25
Errors 8.64 7.12 13.56 34.45 15.76 54.68

No Response 6.18 10.97 9.81 3.73 4.88 5.92




Table 3

Means (M) and Standard Deviations (SD) of Emotionality Intensity Scores for Control and

HD groups.

Control HD
Happy 3.35 (0.46) 3.54 (0.71)
Neutral 2.11 (0.77) 2.30 (0.87)
Angry 3.11 (0.55) 3.30 (0.65)
Disgust 3.56 (0.40) 3.69 (0.49)




Table 4
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Associations between Disease Characteristics and both Accuracy Scores and ERP

Amplitudes in the HD group.

CAG Repeat UHDRS Disease Duration

r p-value r p-value r p-value
Accuracy Scores (%)
All Faces -0.48 0.162 -0.37 0.362 -0.27  0.455
Neutral -0.59 0.072 0.22 0.606 -0.22 0.544
Anger -0.23 0.522 -0.63 0.094 -0.18 0.619
Disgust -0.32 0.372 -0.34 0414 -0.13 0.713
ERP (Amplitude)
All Faces (P100) -0.68 0.031 -0.31 0.450 0.16  0.650
All Faces (N170) -0.03 0.932 -0.39 0.346 -0.10 0.776
Face Effect (N170) 0.03 0.932 0.63  0.096 0.26  0.476
Anger Effect (N250) 0.22 0.546 -0.36 0.379 -0.16 0.663
Disgust Effect (N250) -0.18 0.618 -0.45 0.268 0.28 0.434

Note. CAG length = CAG repeat length on chromosome 4; Disease Duration measured in
years; ‘r' is Spearman’s measure of association.
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