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Huntington�s disease (HD) is an inherited neurodegenerative condition. Patients with this movement disorder can exhibit deficits on tasks involving
Theory of Mind (ToM): the ability to understand mental states such as beliefs and emotions. We investigated mental state inference in HD in response to
ambiguous animations involving geometric shapes, while exploring the impact of symptoms within cognitive, emotional and motor domains. Forty
patients with HD and twenty healthy controls described the events in videos showing random movements of two triangles (i.e. floating), simple
interactions (e.g. following) and more complex interactions prompting the inference of mental states (e.g. one triangle encouraging the other).
Relationships were explored between animation interpretation and measures of executive functioning, alexithymia and motor symptoms. Individuals
with HD exhibited alexithymia and a reduced tendency to spontaneously attribute intentions to interacting triangles on the animations task. Attribution
of intentions on the animations task correlated with motor symptoms and burden of pathology. Importantly, patients without motor symptoms showed
similar ToM deficits despite intact executive functions. Subtle changes in ToM that are unrelated to executive dysfunction could therefore feature in
basal ganglia disorders prior to motor onset.
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INTRODUCTION

Huntington’s disease (HD) is an inherited neurodegenerative condi-

tion, characterized by choreiform movements and frontostriatal dys-

function. In addition to impairments in executive functions (Stout

et al., 2012; Paulsen et al., 2013; Dumas et al., 2013; You et al.,

2014), patients with manifest HD, as determined by onset of motor

symptoms, can exhibit poor recognition of emotional facial expres-

sions (Calder et al., 2010; Novak et al., 2012; Labuschagne et al.,

2013; Trinkler et al., 2013) and altered emotional reactivity (e.g.

Hayes et al. 2007; Eddy et al., 2011; Ille et al., 2011). Deficits in

Theory of Mind (ToM): the ability to reason about mental states

such as beliefs and emotions (Snowden et al., 2003; Allain et al.,

2011; Brüne et al., 2011; Eddy et al., 2012, 2014) have also been

reported. These deficits may in turn contribute to disturbances in

social interaction in HD (Craufurd et al., 2001; Snowden et al., 2003;

Duff et al., 2010) and reduced everyday perspective taking (Eddy et al.,

2014).

This study investigated patients’ ability to infer mental states when

viewing ambiguous stimuli in the form of video animations involving

geometric shapes. Inspired by the early work of Heider and Simmel

(1944), the animations task (AT) was developed to investigate ToM in

autistic spectrum disorders (Abell et al., 2000; Castelli et al., 2000). The

AT assesses the tendency to ascribe mental states when observing sti-

muli containing few cues about ToM as there are no facial or vocal

expression cues (Abell et al., 2000). Each of this series of video clips

features a small blue triangle and a large red triangle. In some video

clips, the movements of the triangles appear random. In others, the

triangles appear to interact. Individuals with intact ToM spontaneously

attribute mental states (e.g. intentions) to the triangles when asked to

describe what is happening in more complex animations depicting

interaction. Mental state inferences are less likely in autism (Abell

et al., 2000), dementia (Gregory et al., 2002) and schizophrenia

(Horan et al., 2009).

Performance on the AT should rely on the ability to interpret mental

states from analysis of visual-kinetic cues. Simply understanding that

an interaction is depicted will require visual attention to perceive

the contiguity of movement of the shapes and is likely to be based

on the application of the Gestaltist principle of common fate. To draw

higher-order inferences of intention, the visual-kinetic information

must be additionally understood to portray movements that are

goal-directed (GD) and imply intention. This may be possible because

GD movements involving agents tend to have special kinematics such

as asymmetrical velocity profiles, which are unlike the ballistic move-

ments of non-biological projectiles (Jeannerod, 2006). Osaka et al.

(2012) highlight the role of the posterior superior temporal sulcus in

constructing an abstract visual description of another agent’s inten-

tional actions. These authors suggest that incoming visual animation

information is decoded perceptually and integrated with contextual

interpretation, generating a product which can be understood in

terms of perceptual- or intention-related behaviours. Castelli et al.

(2002) further suggest that feedback from limbic and prefrontal re-

gions may be important to interpret the social significance of the

stimuli on the AT.

One advantage of using the AT in HD is that it relies on implicit

non-verbal cues. This may help in reducing the impact of executive

dysfunction. Executive functions are critically involved in ToM

tasks (Isoda and Noritake, 2013; Fizke et al., 2014; Moriguchi, 2014)

and deficits in ToM and executive functions can be correlated in HD

(Brüne et al., 2011). Furthermore, assessing ToM in HD gene carriers

who are yet to exhibit executive dysfunction could provide insight

into the mechanisms underlying patients’ social reasoning

impairments. Although emotional reactivity may be altered in pre-

manifest HD (e.g. Hennenlotter et al., 2004; Sprengelmeyer et al.,

2006; Johnson et al., 2007), a recent study suggested ToM was

intact (Saft et al., 2013). The current study used a new task and
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included a subgroup of HD gene carriers who had yet to exhibit motor

onset.

Additional strengths of using the AT is that the stimuli are non-

facial as well as non-verbal, and the instructions given do not inform

the participant (explicitly or implicitly) of the requirement to reason

about thoughts and emotions. This may mean the task is a more sen-

sitive and challenging measure for use with high-functioning pre-

manifest HD patients. Previous studies have used tasks like the faux

pas task (Stone et al., 1998; Gregory et al., 2002) and the reading the

mind in the eyes task (Baron-Cohen et al., 2001), which make the ToM

requirement explicit. The AT may provide a better indication of how

patients may interpret social interaction in everyday life without

prompts and cues.

Osaka et al. (2012) showed that some neural regions, including the

premotor cortex, were activated when watching the intentional move-

ments depicted on the AT but not the unintentional movements. As it

is expected that the motor system is dysfunctional in HD, this could

contribute to difficulties in interpreting the lower level non-verbal cues

on this task. De Gelder et al. (2008) revealed difficulties in recognising

instrumental body postures in manifest HD, and recognition was

worse in patients with more severe motor dysfunction. We therefore

hypothesised that patients with manifest HD would make fewer mental

state attributions than healthy controls when describing AT video clips,

leading to less accurate interpretations, but that any such deficits

would be more subtle in pre-manifest HD.

Moriguchi et al. (2006) showed that interpretation of AT video clips

can be related to alexithymia, i.e. difficulties in identifying and describ-

ing feelings and distinguishing them from physical states (Taylor et al.,

1988). Although Trinkler et al. (2013) reported no evidence of alex-

ithymia in 13 patients with HD, we assessed alexithymic traits in the

current study to explore relationships between this factor and AT

responses. As Ladegaard et al., (2014) found that patients with major

depression and executive dysfunction showed less mentalising in

their descriptions than controls on the AT, we also assessed

psychiatric symptoms to explore relationships between these factors,

alexithymia and mental state inference in patients with manifest and

pre-manifest HD.

METHOD

Participants

Participants were 40 patients with a positive genetic test for HD [20

males; mean age: 50.08 years, standard deviation (s.d.)¼ 11.73,

median¼ 53, range¼ 20–64; mean education 13.3 years, s.d.¼ 2.43,

median¼ 12.5, range¼ 11–19] and 30 healthy controls (13 males;

mean age 47.87 years, s.d.¼ 9.86, median¼ 51.5, range¼ 20–65;

mean education 13.97 years, s.d.¼ 2.05, median¼ 13, range¼ 11–19).

They were screened with Mini Mental State Examination (Folstein

et al., 1975) and were included if they achieved a score of at least

27/30. Eight patients reported depression, one had anxiety problems

and five reported both depression and anxiety. Twenty-three patients

were taking medication to help with motor symptoms or psychiatric

difficulties (carbamazepine¼ 2, venlafaxine¼ 1, tetrabenazine¼ 3,

citalopram¼ 4, sertraline¼ 3, amitryptiline¼ 1, fluoxetine¼ 3,

mirtazapine¼ 2, risperidone¼ 1, citalopramþlorazepam¼ 1, sertrali-

neþ tetrabenazine¼ 1, fluoxetineþrisperidone¼ 1). Patient clinical

characteristics are listed in Table 1.

The study was approved by the local National Health Service

Research Ethics Committee. All participants gave written informed

consent and then completed the following tasks in pseudorandom

order.

Measures

Unified HD rating scale: motor symptoms subscale
(Huntington Study Group, 1996)

A neuropsychiatrist (H.E.R.) examined each patient with the

Huntingtin gene for motor signs (e.g. finger tapping, dysarthia

and chorea). Scores were summed to generate a total motor score

(possible range¼ 0–124). Higher scores indicate more severe symp-

toms. To examine ToM in a subgroup of patients who could be ob-

jectively classified as pre-manifest, specific thresholds used in previous

studies based on this motor scale and diagnostic confidence intervals

were applied (e.g. Majid et al., 2011; Wolf et al., 2012; Seibert et al.,

2012). Fifteen patients had no definite motor signs of HD on examin-

ation (Diagnostic Confidence Index rating below 2) with the remain-

ing 25 showing motor signs yielding a diagnostic certainty of more

than 50% confidence of motor onset. The mean motor score for the

pre-manifest subgroup (Table 1) is similar to that reported in other

studies (Jurgens et al., 2008, 2010; Majid et al., 2011; Enzi et al., 2012;

Wolf et al., 2012). These criteria led to a modestly sized pre-manifest

group but allowed greater confidence in categorisation.

Problem Behaviours Assessment short-form
(PBA-S: Craufurd et al., 2001)

This interview scale was developed for HD. The frequency and severity

of problem behavioural and psychiatric symptoms were rated for the

previous 4 weeks. The subscales to assess mood (anxiety, depression

and apathy) and problematic social behaviour (aggression, irritability)

were the focus of this study. Each symptom was rated 0–4.

Verbal fluency tests

Phonological fluency was tested by asking participants to say as many

words as they could think of beginning with a given letter. The letters

F, A and S were used in turn. One minute was given for each and

people’s names and repeats were not counted. To assess semantic flu-

ency, three categories (fruit, animals and vegetables) were the cues.

Scoring was based on the total number of different items generated

over the three letters or categories (Lezak, 1995).

Digit ordering test-adapted (DOT-A)

For this working memory measure, participants listened to mixed

strings of digits (e.g. 3, 8, 4, 7) and were asked to recall these digits

in ascending order immediately after presentation (Cooper et al., 1991;

Werheid et al., 2002). String length ranged from 3 to 8, with two

strings presented of each length. If a participant responded to

two strings of the same length incorrectly, testing was terminated.

Half a point was deducted from the maximum span if only one

string of that length was correctly answered.

Trail making test

This task (Reitan and Wolfson, 1985) involves sustained attention and

switching. Participants were first presented with a page containing 25

small circles, each containing a number from 1 to 25. Each circle has to

be joined with a line according their number (i.e. 1 to 2, 2 to 3, etc.).

For the second condition, stimuli were 24 circles containing the num-

bers 1–12 and the letters A–L. Participants were required to join these

circles with a line, alternating from number to letter, ascending in both

categories (i.e. 1 - A, A - 2, 2 – B, etc.). They were given a short

demonstration before testing. When an error was made, the participant

was prompted to correct it, and the time taken to complete each con-

dition was recorded, to generate a score of the difference between

conditions (2 � 1).
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Stroop task

The Stroop task (Stroop, 1935) assesses inhibition. The baseline con-

dition required participants to speak the colour of the ink of each item

on a page of 40 groups of XXXs, going across the rows from left to

right. In the test condition, items were colour names written in col-

oured inks, which did not match the name (e.g. ‘blue’ printed in red

ink). Participants were asked to name the colour of the ink of each

word as before. Recorded measures were errors and time taken for each

condition, yielding a measure of inhibitory interference (test minus

baseline).

Toronto Alexithymia Scale

The Toronto Alexithymia Scale (TAS) (Taylor et al., 1988) contains 26

statements. Participants rate their agreement with each using a 5-point

Likert scale (strongly disagree; disagree; neither agree nor disagree;

agree; strongly agree). Higher scores indicate greater evidence of alex-

ithymia. The test authors suggest that non-alexithymic individuals

score up to 62, although a more conservative cut-off of 74 yields

greater diagnostic confidence. The TAS demonstrates excellent psycho-

metric properties including validity (Bagby et al., 1990; Taylor et al.,

1990).

Animations task

The AT (Abell et al., 2000; Castelli et al., 2000) comprises a set of 12

computer-presented animations, each lasting around 40 s, featuring a

big red triangle and a small blue triangle. There are four each of three

different types of animations: random movements, GD movements

and movements which imply the triangles have mental states (ToM).

Participants were asked to watch each animation and explain what was

happening on screen. If a participant had failed to speak by the time

the animation had almost finished, we asked ‘what’s happening?’ or

‘tell me what you are thinking’. We did not give specific feedback in

relation to the content of the responses but offered positive encour-

agement for any remarks. Two raters scored responses for appropri-

ateness, intentionality and word length using the developers’ coding

system (Abell et al., 2000; Castelli et al., 2000). For appropriateness,

scores ranged from 0 (a response with no description related to the

depicted interaction) to 2 (demonstrating understanding of all key

features of the interaction and some reference to mental states if

appropriate). Intentionality was scored based on the presence of spe-

cific terms (e.g. 4 point answers involved mental state terms and 5

point answers involved descriptions of intent to influence the mental

state of another). Response length was scored from 0 to 4 based on

number of clauses. One rater was blinded to participant group to

reduce the impact of rater bias. For scores where raters did not

reach agreement, averages were used. Inter-rater reliability for final

scores (length, intention and accuracy) on the AT was high (Cohen’s

kappa¼ 0.74, 0.76 and 0.77, respectively).

Analysis

Analyses involved non-parametric Mann–Whitney U (MWU) tests

and Spearman’s r correlations as the patient and control groups

were of different sizes and examination of data plots and

Shapiro–Wilk tests indicated that data were not normally distributed.

The control group was split into two subgroups to match the two

subgroups of patients: pre-manifest gene carriers and manifest

HD. Within group correlational analysis for patients examined rela-

tionships between scores on the AT (length, accuracy, intentionality)

and alexithymia, burden of pathology (calculated using age and genetic

information: Penney et al., 1997), motor symptom severity, PBA scores

(anxiety, depression, apathy, aggression, irritability) and executive

functions (verbal fluency, working memory, sustained attention and

shifting, inhibition).

RESULTS

Manifest patients and their control group were not significantly dif-

ferent in terms of age (MWU¼ 195, P¼ 0.847) or education

(MWU¼ 201.5, P¼ 0.699). This was also the case for pre-manifest

patients and controls for age (MWU¼ 105, P¼ 0.775) and education

(MWU¼ 156, P¼ 0.074).

Manifest HD patients vs controls

As listed in Table 2, patients with manifest HD exhibited a range of

significant deficits in executive functions such as verbal fluency

(phonological: MWU¼ 359, P < .001; semantic: MWU¼ 374.5,

P < .001), working memory (MWU¼ 350.5, P < .001) and sustained

attention and shifting (MWU¼ 47, P < .001) but no deficits in re-

sponse inhibition (Stroop errors: MWU¼ 140.5, P¼ 0.192; times:

MWU¼ 137, P¼ 0.164).

TAS mean scores indicated alexithymia in these patients

(MWU¼ 57.5, P < .001), regardless of mood symptoms. The pattern

of responses in HD suggested that high scores were spread across most

items. Responses ranged across at least 4 of the 5 points on the Likert

scale in almost all patients, showing normal use of the scale. Three of

Table 1 Characteristics of participants with the HD gene

Measure Manifest HD (n=25) Pre-manifest HD (n=15)

Mean (s.d.) Median (range) Mean (s.d.) Median (range)

CAG 43.35 (1.66) 43 (41–47) 41.92 (2.21) 42 (38–45)
Burden of pathology (CAG–35.5) x age 430.26 (67.97) 437 (297–529) 261.19 (83.99) 264 (110–357.5)
UHDRS Motor Symptom Score 33.28 (11.38) 30 (18–67) 3.33 (3.81) 2 (0–10)
PBA-S Depression Frequency 1.32 (1.25) 2 (0–3) 1.2 (1.42) 0 (0–3)

Severity 1.48 (1.53) 2 (0–4) 1.4 (1.76) 0 (0–4)
PBA-S Anxiety Frequency 1.40 (1.08) 2 (0–3) 0.8 (1.26) 0 (0–3)

Severity 1.56 (1.33) 2 (0–4) 1 (1.65) 0 (0–4)
PBA-S Irritability Frequency 1.76 (1.20) 2 (0–4) 0.93 (1.33) 0 (0–4)

Severity 1.68 (1.16) 2 (0–4) 0.93 (1.33) 0 (0–4)
PBA-S Aggression Frequency 1.16 (1.00) 1 (0–4) 0.73 (1.33) 0 (0–4)

Severity 1.00 (1.15) 1 (0–3) 0.40 (0.74) 0 (0–2)
PBA-S Apathy Frequency 1.08 (1.12) 1 (0–3) 0.33 (0.72) 0 (0–2)

Severity 1.24 (1.27) 1 (0–4) 0.53 (1.25) 0 (0–4)

Notes. CAG: Cytosine adenine guanine repeat number; UHDRS, Unified HD Rating Scale, motor score max 100; PBA-S: Problem Behaviours Assessment Short form.

1230 SCAN (2015) C.M.Eddy and H.E.Rickards

 (TAS)
 (AT)
econds
goal-directed 
 (GD)
``
''
``
''
,
,
animations task
=
;
;
-
-
=
=
=
p
=
=
p
=
.
=
p
=
.
versus
can be seen from
=
p
=
p
=
p
=
p
,
=
p
=
.
=
p
=
.
=
p


the 20 controls (15%) exhibited a score above the non-alexithymic cut-

off (62) but just one (5%) reached the more conservative diagnostic

threshold level indicative of alexithymia (74: Taylor et al., 1988). Of the

patients with manifest HD, 23/25 (92%) scored above the non-

alexithymic cut-off of 62 points, with 14 scoring above the higher

threshold (52%).

Patients with manifest HD also exhibited some differences when

compared to healthy controls on the AT. Scores for appropriateness

(MWU¼ 255.5, P¼ 0.057) and intention ratings (MWU¼ 179.5,

P¼ 0.825) were not significantly different for random video clips.

Response length was shorter for patients on this condition

(MWU¼ 283, P¼ 0.007), though this difference would not survive

correction for multiple comparisons. For GD action video clips, pa-

tients showed reduced attribution of intentions (MWU¼ 316.5,

P < .001) and poorer accuracy of interpretation (MWU¼ 341,

P < .001), with shorter answers (MWU¼ 305.5, P¼ 0.001) than con-

trols. For the ToM video clips, patients with HD again exhibited

reduced attribution of intentions to the triangles (MWU¼ 326.5,

P < .001), reduced appropriateness (MWU¼ 305.5, P¼ 0.001) and

shorter answers (MWU¼ 303.5, P¼ 0.001).

Pre-manifest HD group vs controls

For the subgroup of patients below threshold of motor onset, no sig-

nificant executive deficits were apparent (phonological fluency:

MWU¼ 139, P¼ 0.285; semantic fluency: MWU¼ 157.5, P¼ 0.061;

Stroop errors: MWU¼ 100, P¼ 0.624; Stroop times: MWU¼ 132,

P¼ 0.436; DOT-A: MWU¼ 108.5, P¼ 0.870; Trail making test:

MWU¼ 122, P¼ 0.713). However, there was evidence of alexithymia

in pre-manifest patients (MWU¼ 36.5, P¼ 0.001), with 66% of pa-

tients scoring above the cut-off for non-alexithymic.

For the AT, pre-manifest patients seemed to respond more similarly

to manifest patients than healthy controls. For the random videos, pre-

manifest patients offered shorter responses than controls

(MWU¼ 197.5, P < .001) but achieved similar intention

(MWU¼ 72.5, P¼ 0.098) ratings. Appropriateness ratings were

lower for pre-manifest HD (MWU¼ 173.5, P¼ 0.010), but this differ-

ence would not survive correction for multiple comparisons. For both

GD action and ToM video clips, patients’ responses indicated reduced

attribution of intention (GD: MWU¼ 181, P¼ 0.004; ToM:

MWU¼ 222, P < .001) to the triangles and less accurate interpretations

(GD: MWU¼ 205.5, P < .001; ToM: MWU¼ 212.5, P < .001). Their

answers were also shorter than controls’ (GD: MWU¼ 211.5,

P < .001; ToM: MWU¼ 203, P < .001).

Correlational analyses

Correlations for all patients with HD are listed in Table 3.

Relationships were explored between the AT, TAS, executive tasks,

motor symptoms and burden of pathology. A number of correlations

were significant P < 0.05, including relationships between AT scores,

semantic fluency, motor symptoms and burden of pathology.

However, only four correlations would survive correction for multiple

comparisons (P¼ 0.001). These were positive relationships between

burden of pathology and the length of answers for both GD move-

ment and ToM video clips, as well as the intentions rating for ToM

video clips. Patients’ intention ratings for ToM video clips were

also higher in association with increased motor symptom severity

(Figure 1) and burden of pathology. Positive relationships between

ToM accuracy scores, burden of pathology and motor symptoms

would not survive correction.

DISCUSSION

Reduced attribution of mental states in HD

When compared with healthy controls, individuals with HD exhibit a

reduced tendency to infer mental states, including intentions, during

observation of animated non-human stimuli whose movements imply

social interaction. For example, when asked to describe the ‘seducing’

video clip, healthy control answers included: ‘the big [triangle] won’t

allow the small [triangle] to come out . . . the small is trying to ma-

nipulate the big one, he tricked him and went out’ and ‘it’s goading the

big one, it looks like it is teasing it, it’s stroking it, enticing it into

Table 2 Task performance for patients with the HD gene and healthy controls

Variable Manifest patients Manifest group healthy controls Pre-manifest patients Pre-manifest group healthy controls

Mean (s.d.) Median (range) Mean (s.d.) Median (range) Mean (s.d.) Median (range) Mean (s.d.) Median (range)

Age (years) 54.64 (6.79) 54 (44–66) 55.52 (6.67) 56 (43–65) 42.47 (14.32) 42 (20–65) 40.53, (13.05) 40 (20–62)
Education (years) 13.28 (2.44) 12 (11–19) 13.33 (2.29) 13 (11–17) 13.33 (2.50) 13 (11–19) 14.60 (1.80) 15 (12–17)
Phonological fluency test 22.5 (9.63) 21 (8–39) 50 (15.15) 47 (30–80) 44.33 (18.64) 42 (23–100) 48.40 (12.26) 45 (35–79)
Semantic fluency test 27.72 (8.44) 26 (11–41) 55.60 (8.55) 54 (41–73) 45.8 (11.50) 46 (29–66) 54.60 (11.34) 55 (35–71)
Stroop task errors 3.13 (3.35) 2 (0–13) 1.6 (2.13) 1 (0–8) 1.73 (2.12) 1 (0–7) 1.07 (1.10) 1 (0–3)
Stroop task times

(seconds)
68.84 (46.86) 50.08 (4.10–198.13) 43.89 (20.30) 37.86 (11.91–81.03) 34.32 (14.63) 30.08 (12.16–65.27) 35.46 (8.70) 35.18 (25.22–50.42)

Trail making test
times (seconds)

107.03 (72.58) 97.75 (26.12–303.59) 31.15 (18.58) 26.01 (9.81–51.86) 28.44 (21.10) 24.19 (0.19–81.35) 30.45 (18.35) 22.94 (6.34–70.51)

Digit ordering test 4.18 (0.97) 4.5 (2.5–5.5) 6 (0.76) 6 (4.5–7.5) 5.7 (0.75) 6 (4–6.5) 5.67 (0.75) 5.5 (4.5–6.5)
TAS 74.52 (10.46) 74 (56–5–95) 58.33 (12.91) 55 (34–83) 67.13 (12.64) 66 (46–95) 52.47 (9.54) 55 (41–71)
AT RAN: length 9.24 (2.50) 9.5 (5.5–13.5) 11.60 (2.47) 10 (8–16) 8.13 (2.07) 8 (4–13.5) 11.73 (2.28) 12 (8–15)
AT RAN: intention 1.38 (1.54) 0.5 (0–4.5) 1.47 (2.00) 1 (0–6) 1.8 (1.54) 1.5 (0–5.5) 0.93 (0.96) 1 (0–3)
AT RAN: accuracy 6.22 (1.4) 6.5 (4–8) 7.07 (1.10) 7 (5–8) 6.03 (1.59) 6.5 (3–8) 7.33 (0.61) 7 (6–8)
AT GD: length 10.38 (2.67) 11 (5–14.5) 13.60 (2.38) 14 (9–16) 7.9 (2.11) 8 (4.5–12) 12.60 (2.20) 13 (9–15)
AT GD: intention 7.16 (2.19) 8 (3–10) 9.80 (1.57) 10 (7–12) 7.03 (2.58) 8 (0–10) 9.60 (1.76) 9 (6–12)
AT GD: accuracy 4.94 (1.88) 5 (2–8) 7.53 (0.64) 8 (6–8) 5 (1.90) 5 (1–8) 7.53 (0.64) 8 (6–8)
AT TOM: length 12.38 (2.84) 13.5 (5–14.5) 15.20 (1.61) 16 (13–18) 9.63 (3.01) 9 (6–16) 14.40 (1.55) 14 (41–71)
AT TOM: intention 11.5 (3.61) 11.5 (3.5–18.5) 16 (1.96) 16 (13–20) 8.97 (2.75) 9 (4–13.5) 16.27 (1.94) 17 (13–19)
AT TOM: accuracy 4.28 (1.53) 4 (0.5–8) 5.8 (1.15) 5 (4–8) 3.77 (1.18) 4 (1.5–6) 6.40 (1.18) 6 (5–8)

Notes. AT: Animations Task; GD, goal directed action video clips; RAN, random movement video clips; TOM, theory of mind video clips; maximum scores: length¼ 16; intention¼ 20; accuracy¼ 8. TAS: Toronto
Alexithymia Scale.
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the square . . . and now gone’. Patient responses were often more con-

crete with fewer references to mental states, e.g. ‘the large one [tri-

angle] is stopping the small one [triangle] from exiting the

building . . . the smaller one escaped’ and ‘they’re both inside, he’s

blocking the door and stopping blue [triangle] going out, he’s trying

to find a way out, he turned, he’s gone now’. These deficits extended to

gene carriers with no motor symptoms.

Although HD was associated with less accurate interpretation of the

social interactions depicted in the AT for both GD action and ToM

video clips, responses to random movement video clips were similar to

controls’. The GD movement video clips on the AT feature situations

such as chasing and dancing. Although these interactions are less com-

plex than those in the ToM scenarios (e.g. deception and persuasion),

the GD actions are likely to implicitly suggest a desire or intention to

interact (e.g. to follow another) and therefore a mental state. Indeed,

intention attribution ratings are higher for the GD action video clips

than the random movement video clips (e.g. Castelli et al., 2000, 2002).

Differences in mentalising ability could therefore explain why patients

with HD differed to controls in their responses to GD movement as

well as ToM video clips.

Cognitive factors which may contribute to patients�
impairments in ToM

Previous studies have debated whether patients with manifest HD have

a deficit in ToM per se or whether impairments are a result of executive

dysfunction (e.g. Brüne et al., 2011). In this study, executive dysfunc-

tion was apparent in manifest HD. However, there was only one cor-

relation between executive function and AT scores, and this was not

significant after correction. Moreover, the pre-manifest group

exhibited deficits on the AT in the absence of executive dysfunction,

indicating that ToM impairment can be independent of executive dys-

function in HD.

An important consideration for the AT is the length of the descrip-

tions. Shorter answers could reflect either the natural form of less

complex concrete interpretations or deficits in verbal communicative

ability. Although no participants exhibited significant speech impair-

ments according to Unified HD rating scale motor assessment,

executive deficits could be accompanied by impaired verbal commu-

nication. However, manifest patients with more executive deficits

frequently provided longer answers than pre-manifest individuals, as

indicated by positive correlations between both motor symptoms and

burden of pathology with length scores. For the pre-manifest group,

there was little evidence of executive dysfunction and no speech

impairment. It is therefore unlikely that this subgroup performed

poorly on the AT simply because they were unable to communicate

their thoughts.

HD gene carriers are typically very high functioning prior to motor

onset. Perhaps, the ambiguity of the AT, which offers fewer clues about

the purpose of assessment, makes this a sensitive measure to alterations

in cognitive reasoning and reduced mentalising in pre-manifest HD.

Aviezer et al. (2009) found that despite impaired explicit recognition

of facial expressions in pre-manifest HD, preserved processing of the

same facial configurations was evident when these stimuli were

embedded in context. Intact understanding of accompanying context-

ual cues may therefore help maintain performance, potentially obscur-

ing subtle differences in social cognitive ability. Our findings support

this possibility by illustrating that measures containing fewer cues to

meaning can be sensitive to impairment in pre-manifest HD.

Mentalising and motor function

Correlational analyses revealed an interesting relationship, such that

higher intentionality ratings for ToM video clips were linked to more

severe motor signs and greater burden of pathology. That is, although

patients with HD were less accurate than controls when using ToM to

describe AT scenarios, the amount of intention attributed increased

with disease progression. This finding may seem counterintuitive, as

greater motor symptoms and high burden of pathology scores would

suggest more extensive neuropathology. One explanation for this

relationship could lie in mediating factors such as mood disorder or

medication. For example, ToM may have been impacted by undiag-

nosed depression or apathy in pre-manifest individuals (e.g. apathy has

been shown to affect ToM in Parkinson’s disease: Santangelo et al.,

2012), and patients with more severe motor symptoms may have been

Table 3 Correlations between ToM tasks, executive tasks and clinical variables for patients with the HD gene

Measure Phonological fluency Semantic fluency Stroop errors Stroop times TMT DOT-A UHDRS motor BOP TAS

AT RAN length �0.037, 0.818 0.048, 0.771 �0.003, 0.983 �0.031, 0.850 0.113, 0.487 �0.111, 0.497 0.282, 0.078 0.478, 0.009* �0.125, 0.444
AT RAN intention 0.098, 0.546 0.240, 0.136 �0.195, 0.227 �0.187, 0.249 �0.136, 0.403 0.244, 0.130 �0.164, 0.311 0.077, 0.690 �0.081, 0.619
AT RAN appropriateness �0.022, 0.893 �0.077, 0.635 0.266, 0.097 0.249, 0.122, 0.044, 0.787 �0.123, 0.449 �0.003, 0.986 �0.041, 0.832 0.168, 0.301
AT GD length �0.206, 0.203 �0.242, 0.133, 0.045, 0.781 0.218, 0.176 0.258, 0.109 �0.310, 0.052 0.454, 0.003** 0.581, 0.001** �0.205, 0.204
AT GD intention 0.118, 0.469 �0.011, 0.947 0.038, 0.817 0.037, 0.822 0.040, 0.805 �0.009, 0.954 0.122, 0.453 0.234, 0.222 �0.060, 0.711
AT GD appropriateness 0.089, 0.587 0.029, 0.860 0.133, 0.413 0.091, 0.578 0.087, 0.595 �0.101, 0.534 0.079, 0.629 0.176, 0.362 0.010, 0.951
AT TOM length �0.167, 0.304 �0.199, 0.218 0.161, 0.322 0.247, 0.124 0.243, 0.131 �0.257, 0.109 0.454, 0.003** 0.637, <0.001*** �0.204, 0.206
AT TOM intention �0.205, 0.204 �0.326, 0.040* 0.134, 0.409 0.249, 0.121 0.192, 0.235 �0.220, 0.173 0.515, 0.001** 0.592, 0.001** 0.024, 0.882
AT TOM appropriateness �0.055, 0.734 �0.194, 0.231 0.051, 0.754 0.198, 0.222 0.078, 0.631 �0.112, 0.490 0.342, 0.031* 0.417, 0.024* 0.002, 0.992
TAS �0.296, 0.064 �0.237, 0.140 0.067, 0.679 �0.008, 0.963 0.395, 0.014* �0.387, 0.014* 0.342, 0.031* 0.051, 0.793 X

Notes. AT: Animations Task; BOP: Burden of pathology (CAG-35.5) x age; CAG: Cytosine adenine guanine repeat number; DOT-A: Digit Ordering Test-Adapted; GD: goal directed action video clips; RAN: random
movement video clips; TOM: theory of mind video clips; TAS: Toronto Alexithymia Scale; TMT: Trail Making Test; UHDRS motor: Unified HD Rating Scale motor symptom severity score. Values in bold remain
significant after correction for multiple comparisons. *significant at p<.05, **significant at p<.01; ***significant at p<.001.

Fig. 1 Correlation between HD patients’ motor symptom severity and mean intention ratings for AT
ToM video clips.
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taking pharmacological agents, which helped with some aspects of

ToM performance. The possibility of neural compensation may also

be considered.

Perhaps, a more compelling explanation for increased attribution of

intentions in association with advancing HD may lie in the relation-

ship between dopamine and disease progression. It is thought that

during the early hyperkinetic stage of manifest HD, dopamine levels

are actually increased, and it is much later in the disease course that the

level of this neurotransmitter is low (Chen et al., 2013). Dopamine

levels may influence ToM. For example, increased attribution of

intentions in particular may occur in paranoid schizophrenia in asso-

ciation with increased tonic dopamine (Abu-Akel and Shamay-Tsoory,

2011). It is therefore possible that the more symptomatic patients re-

cruited into this study exhibited elevated levels of dopamine, which

was in turn linked to increased attribution of intentions in response to

ToM video clips.

Linking motion to emotion

As humans have an innate tendency to draw meaning from experience,

basic factors relating to motion of objects can convey the sense of

intention or emotion (Michotte, 1950). For example, the trajectory

of a door (opening as the person walks towards it but then abruptly

closing) can lead to attributions of intent that the door intends to keep

the person out (Ju and Takayama, 2009). Studies have even shown an

effect of the speed of the movement of inanimate objects on emotional

interpretations (Ju and Takayama, 2009; Hiraga and Takahashi, 2011).

Emotional changes in HD could therefore affect patients’ responses on

the AT.

In this study, both manifest and pre-manifest patients exhibited

alexithymia. Traits associated with alexithymia may have the potential

to affect performance on a range of ToM tasks, from recognition of

emotional facial expressions (Grynberg et al., 2012) to performance on

the AT (Moriguchi et al., 2006). However, there was no evidence for a

relationship between alexithymia ratings and deficits in AT in this

study, suggesting at least some of patients’ ToM deficits may be inde-

pendent of alexithymia. Tavares et al. (2008) reported that when view-

ing a similar task showing animated shapes engaging in social

interaction, high trait emotional awareness was linked to temporal

activation, whereas low emotional awareness (more akin to alexithy-

mia) was associated with greater activity within hypothalamus and

premotor cortex, indicating more action-oriented and visceral process-

ing. Neuroimaging may therefore help clarify the contribution of emo-

tional dysfunction to patients’ deficits on the AT.

Trinkler et al. (2013) reported no evidence of alexithymia in a

sample of 13 patients with manifest HD. This difference may be due

to the heterogeneity of patient samples or because Trinkler et al. used a

different version of the TAS to this study. In any case, the current

findings provide compelling evidence that regardless of disease stage,

HD is likely to be associated with changes in the interpretation and

experience of emotions. No correlations were found between mood

and alexithymia ratings and psychiatric symptoms were mild across the

patient group. However, many patients were taking medications, and

difficulties with reflecting on one’s own emotional state could explain

both alexithymia and a tendency to under-report psychiatric symp-

toms. Further work is needed to determine whether alterations in

emotional reactivity in HD reflect a psychological reaction to diagnos-

tic awareness or early signs of neural dysfunction.

Neuropathological implications

Studies have indicated that determining intentional causality as

opposed to physical causality activates a network of ToM regions

including medial prefrontal cortex, temporal poles, precuneus and

posterior cingulate in addition to superior temporal sulcus and parietal

regions (den Ouden et al., 2005). In HD, striatal degeneration may

impair ToM via dysfunction within wider frontostriatal networks, with

the potential to affect many of the aforementioned structures.

However, it has been suggested that the basal ganglia may play a

more specific role in social cognition by allowing motor simulation

of emotion as opposed to determination of mental states via more

abstract reasoning processes (e.g. Van Overwalle and Baetens, 2009),

therefore making an important contribution to affective ToM (Bodden

et al., 2013).

More basic requirements of the AT include visual attention and

perceptual processing of the visual-kinetic cues depicted, to determine

whether the movements are random or show contiguity and therefore

imply movements made by animate objects. A recent fMRI study in

healthy participants (Straube and Chatterjee, 2010) showed that indi-

vidual differences in sensitivity to time or space in relation to perceiv-

ing movement causality amongst objects were related to activation of

the left basal ganglia or right parietal lobe, respectively. In the current

study, individuals with HD were often able to draw these lower-level

inferences, as they commonly recognised that interaction was occur-

ring between the triangles. The deficit on the AT appeared to arise

more from the finding that patients explained these interactions on a

more concrete basis using fewer mental state terms.

Impaired attribution of mental states in HD could reflect poor

integration of perceptual information with cognitive or emotional

processes required to draw higher-order (i.e. ToM based) inferences

from observed actions. Castelli et al. (2002) suggest a more specific

explanation for the AT deficits in people with autistic spectrum dis-

order is a problem with feedback from higher level processing areas

(i.e. limbic or prefrontal regions), which is needed to interpret the

social significance of the viewed stimuli. Kana et al. (2014) reported

weaker functional connectivity between temporoparietal regions and

motor areas in autistic spectrum disorder patients who were processing

intentional causality. Fractional anisotropy further showed alterations

in temporal white matter in these patients, leading the authors to

conclude that ToM deficits in autism are linked to a disconnection

between ToM and mirror neuron systems. Other studies in clinical

groups have revealed a relationship between ToM impairment and

reduced integrity of the inferior longitudinal fasciculus, which con-

nects the temporal and occipital lobes (e.g. Mike et al., 2013; Crespi

et al., 2014). Decreased fractional anisotropy in tracts including the

inferior frontooccipital fasciculus and inferior longitudinal fasciculus

in HD (Della Nave et al., 2010) could contribute to the proposed

integration difficulties.

Potential experimental confounds

One limitation of this study is that as we used an early version of the

TAS, so it would be useful to assess another group of HD patients with

the more recent and widely applied version. It is also important to

consider the possibility of insight problems in HD (e.g. Ho et al., 2006)

with the use of self-report measures. As patients with HD who have

insight problems are generally thought to under-report problems, this

does not appear to have been a difficulty with this study as many

significant differences were reported by the patient group. However,

further work in HD applying more objective measures of emotional

response (e.g. galvanic skin response) may be of value.

No correlations were found between psychiatric diagnoses and either

alexithymia scores or responses on the AT, implying that ToM

was probably not significantly influenced by mood disorders in this

sample. Having said this, further work is needed to determine the

potential links between alexithymia, psychiatric diagnoses and medi-

cations in manifest and pre-manifest HD. Catergorisation of patients
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as pre-manifest HD has intrinsic limitations as our understanding of

the disorder progresses. Although the majority of studies have

applied similar criteria to this study in terms of the DCI cut-off

(Seibert et al., 2012; Wolf et al., 2012), it is possible that subtle differ-

ences in eye movements may have affected performance on the AT.

Finally, longitudinal research will be needed to evaluate the influence

of factors such as functional neural compensation on ToM task per-

formance, in addition to determining whether our findings can be

replicated in larger samples of gene carriers without any motor

abnormalities.

CONCLUSIONS

In conclusion, patients with the HD gene can show a reduced tendency

to spontaneously attribute mental states. Alexithymia can be promin-

ent in HD, although these emotional changes were not correlated with

ToM deficits in this study. The possibility that a link between burden

of pathology and attribution of intentions in HD may be mediated by

dopamine dysfunction is intriguing, although neuroimaging research

will be required to establish the exact neural basis of patients’ deficits.

Importantly, the findings of this study imply that alterations in ToM

can be detected prior to motor symptom onset in HD, and these

impairments may be independent of executive dysfunction.
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