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Summary

Huntington’s disease (HD) is a dominantly inherited neurodegenerative disease, classically
characterised by motor disturbances, cognitive impairments, and psychiatric illnesses, but which
most often also include behavioural symptoms and disturbances of the autonomous nervous system
(McColgan & Tabrizi, 2018; Roos, 2010, 2014). Cognitive and behavioural deficits have been
identified as some of the most devastating symptoms of HD, which places the greatest burden on the
HD families (Paulsen et al., 2017). It can be suggested that these deficits are specifically burdensome
since they affect the personal character of the individuals with the disease.

The aim of this PhD project was to examine changes in self-perception, cognition, and behaviour of
individuals with HD. These symptoms are thought to lead to a higher caregiver burden and a higher
degree of distress. The project focused on three symptom groups: apathy, social cognitive dysfunction,
and changes in the self-perception of autonomy. The project assessed a large well-defined single-site
cohort of HD gene expansion carriers and gene-negative family-based controls, some of which had
been assessed previously in year 2012-2013. The cohort of year 2017-2021 was comprised of follow-
up participants as well as newly enrolled participants. A total of 108 HD gene expansion carriers and
32 gene-negative family-based controls were included in the project.

The results from the present project demonstrates changes in self-perception, cognition, and
behaviour in individuals with HD. Both specific deficits measured by quantitative psychological
instruments like apathy and social cognitive dysfunction, as well as changes in the perception of self
of the HD gene expansion carrier were affected by the disease. These changes are most prevalent in
the motor-manifest stage of disease. The studies showed that the motor-manifest HD gene expansion
carriers had a significantly higher degree of apathy, characterised by the subtypes Intellectual
Curiosity and Action Initiation, when compared to premanifest HD gene expansion carriers and
controls. Apathy was associated with motor disturbances and symptoms of depression, while cognitive
dysfunction did not have an impact on the degree of apathy. The HD gene expansion carriers who
were impaired on the domain of social cognition were significantly different from the HD gene
expansion carriers who were impaired on the erecutive functions domain. Impairments on the domain
of social cognition and motor disturbances significantly predicted the decline in functional capacity
across the 6-years of follow-up. Finally, a significant lower degree on some aspects of autonomy was
found in motor-manifest HD gene expansion carriers. One subscale of autonomy was associated with
apathy, but no other associations were found between the self-perception of autonomy and motor
function, cognitive status, or neuropsychiatric illnesses.

A comprehensive description of the deficits that reflects changes in self-perception, cognition, and
behaviour can hopefully contribute to the knowledge on how HD can affect the person with the
disease. Ultimately, the knowledge from this project can contribute with a better understanding of
the invasiveness of these symptoms and in turn to better psychoeducation of families with HD.



Dansk Resumé | Danish Summary

Huntingtons sygdom er en dominant arvelig neurodegenerativ sygdom, som klassisk er karakteriseret
ved motoriske symptomer, kognitive forstyrrelser og psykiatriske lidelser, men som oftest ogsa
inkluderer adfeserds forstyrrelser og andringer i det autonome nervesystem (McColgan & Tabrizi,
2018; Roos, 2010, 2014). Det er pavist at kognitive og adfseerdsmeessige forstyrrelser er nogle af de
mest invasive symptomer ved HD, som leder til den stgrste byrde for familier med HD (Paulsen et
al., 2017). Det kan formodes at disse forstyrrelser er specielt belastende idet de pavirker personen
med sygdommen og reflekterer sendringer af den personlige karakter hos individer med HD.

Formaélet med dette Ph.d.-projekt var at undersgge sendringer i selvopfattelse, kognition og adfeerd
hos individer med HD. Disse symptomer kan antages at lede til en hgjere grad af stress hos de
pargrende. Projektet fokuserede pa tre symptom grupper: apati, social kognitive forstyrrelser og
endringer i selvopfattelsen af autonomi. Projektet inkluderede en stor veldefineret kohorte af HD
genbeerere og gen-negative familie kontroller, hvoraf nogle blev fulgt op efter tidligere undersggelser
i ar 2012-2013. Kohorten fra ar 2017-2021 bestod af opfglgningsdeltagere og ny-inkluderede deltagere.
Totalt blev 108 HD genberere og 32 gen-negative familie kontroller inkluderet i projektet.

Resultaterne fra dette projekt demonstrerer at HD kan lede til sendringer selvopfattelse, kognition
og adfeerd hos individer med HD. Bade specifikke forstyrrelser méalt med kvantitative psykologiske
instrumenter, som apati og social kognitive forstyrrelser, samt sendringer i opfattelsen af selvet hos
HD genbeerere er pavirkede af sygdommen. Disse sendringer er mest fremtraedende i det motor-
manifeste stadie af sygdommen. Studierne viste at motor-manifeste HD genbserere havde en
signifikant hgjere grad af apati, karakteriseret ved subtyperne Intellektuel Nysgerrighed og Handlings
Initiering, sammenlignet med preemanifest HD genbaerere og kontroller. Graden af apati var associeret
med de motoriske forstyrrelser og depressive symptomer, mens kognitiv dysfunktion ikke havde nogen
indvirkning pa graden af apati. De HD genbaerere som var nedsat pa domaenet social kognition, var
signifikant forskellige fra de HD genbeerere, som var nedsat pad domeenet eksekutive funktioner.
Forstyrrelser pa domaenet social kognition og motoriske forstyrrelser kunne praediktere nedgangen i
funktionel kapacitet over den 6 ar lange opfelgningsperiode. En signifikant lavere grad af nogle
aspekter af autonomi blev identificeret hos motor-manifeste HD genbaerere. En subskala af autonomi
blev associeret med apati, mens selvopfattelsen af autonomi ikke var associeret med motor funktion,
kognitiv status eller neuropsykiatriske lidelser.

En fyldestggrende beskrivelse af forstyrrelser som reflekterer sendringer selvopfattelse, kognition og
adfzerd kan forhabentlig bidrage med bedre viden om, hvordan HD pavirker personen med
sygdommen. Resultaterne fra dette projekt kan bidrage til en bedre forstéelse af hvor indgribende
disse symptomer kan veere og til en bedre psykoedukation for familier med HD.



Background

This PhD thesis focuses on changes in self-perception, cognition, and behaviour in individuals with

Huntington’s disease. In this section, background information on Huntington’s disease will be

presented, followed by an introduction to the central symptom groups of the thesis: symptoms of

apathy, social cognitive dysfunction, and changes in autonomy.

HUNTINGTON’S DISEASE

Huntington’s disease (HD) is a dominantly
inherited neurodegenerative disease caused by a
prolonged trinucleotide cytosine-adenine-guanine
(CAG) expansion in the DNA of chromosome 4
(McColgan & Tabrizi, 2018; Ross et al., 2014;
The  Huntington’s  Disease  Collaborative
Research Group, 1993; Walker, 2007). The
prevalence of HD in caucasians is 4-12.4:100.000,
while in Denmark it has been found to be 5-
8:100.000 (Evans et al., 2013; Gilling et al., 2017;
Rawlins, 2010; Roos, 2010). HD is a multifaceted
disease classically presenting with a triad of
symptoms: motor disturbances, cognitive
impairments, and psychiatric illnesses. These
cardinal features are often accompanied by
behavioural symptoms as well as weight loss,
sleep disturbances, and abnormal functions of the
autonomous nervous system (Roos, 2010, 2014).
No formal treatment of HD exists and the disease
will ultimately lead to consecutive functional
decline until death about 15-20 years after initial
diagnosis, primarily due to pneumonia or heart

disease (Bunner & Rebec, 2016; Roos, 2010).

Cardinal features

Motor Disturbances The motor disturbances in
HD can be divided into hyper- and hypokinetic
movements. Chorea is the most characteristic of
the
rapid, short-lasting, involuntary movements of
the trunk, face, and extremities (Roos, 2014).

hyperkinetic symptoms with dance-like,

Other hyperkinetic movements include tremor
and tics (Bunner & Rebec, 2016; Roos, 2014).
The hypokinetic movements are characterised by
incoordination, dystonia, rigidity, akinesia and
bradykinesia, balance, and gait disturbances
(McColgan & Tabrizi, 2018; Roos, 2014; Ross et
al., 2014). With time, the choreatic symptoms
become increasingly less prominent, whereas the
hypokinetic movements are exacerbated as the
disease progresses, leading to overall more slow
and rigid movement patterns (Jacobs et al., 2016;
Roos, 2014).

Cognitive Impairments One of the earliest and
deficits
individuals with HD is psychomotor slowing
(Cavallo et al., 2022; Craufurd & Snowden,
2014).
cognitive symptom occurring in the premanifest

most common cognitive affecting

Psychomotor slowing is a selective
stage of disease whereafter it gradually decreases
throughout the disease progression with a linear
trend of decline (Paulsen et al., 2017). Executive
dysfunction and attentional deficits are two of
the most prominent cognitive symptoms of the
disease affecting most individuals in the early
stages of HD (Cavallo et al., 2022; Snowden,
2017). Executive dysfunction is closely related to
almost all other cognitive impairments described
in HD (Paulsen et al., 2017), but atrophy
affecting executive functions might be delayed or
slowed by cognitive reserve (Bonner-Jackson et
al., 2013). Other cognitive symptoms include
disabilities,
with

visuo-spatial and -constructive

compromised language abilities slow



retrieval of words, restricted fluency, simplified
utterances, and memory problems, expressed as
absent-mindedness, caused by strategic and
organizational failures in information acquisition
and retrieval (Cavallo et al., 2022; Craufurd &
2014; Snowden, 2017).

deficits in social cognition leads to compromised

Snowden, Moreover,
theory of mind and poor emotion recognition
(Bora et al., 2016; Snowden, 2017). Impaired
emotional expressions are demonstrated as
paralleling the deficits in emotion recognition,
whereas the ability to understand and memorise
emotions seems to be preserved (Paulsen et al.,

2017; Trinkler et al., 2013).

Psychiatric Illnesses Patients suffering from HD
are often diagnosed with psychiatric illnesses
which can arise before the motor manifestation
of the disease (Craufurd & Snowden, 2014,
Thompson et al., 2012). Most common amongst
these are depression and anxiety, with estimated
prevalence rates of between 9-63% for depression
and 17-61% for anxiety (Paoli et al., 2017).
Irritability presents early and is characterized by
intolerance, impatience, and poorly controlled
anger that can lead to outbursts and violent
behaviour. Other psychiatric symptoms that are
in HD

prevalent include isolated psychotic

like
obsessive and

symptoms or schizophrenic symptoms

delusions and hallucinations,
perseverative behaviours, suicide ideation, and
disorders of sexual behaviours like hypo- or

hypersexuality (Craufurd & Snowden, 2014).

Genetics

In healthy individuals, the gene responsible for
HD codes for the wild type huntingtin protein
but in HD the expanded CAG repeat length
results in an elongated polyglutamine stretch
causing a mutated huntingtin protein (mHTT)
(Bunner & Rebec, 2016; Ghosh & Tabrizi, 2018).
A CAG repeat count of < 26 is within normal
variation, but in subjects carrying a CAG repeat
length of > 40, the gene has full penetrance and
HD will develop at some point during their life
(see figure 1). Reduced penetrance with 36-39
repeats may lead to HD in older age (Ghosh &
Tabrizi, 2018; 1996).
Intermediate allele carriers, with a CAG repeat
length of between 27-35
necessarily develop symptoms of the disease

Rubinsztein et al.,

repeats will not
within their life span but have a risk of passing
on the HD gene to their offspring (Bunner &
Rebec, 2016; Ghosh & Tabrizi, 2018). The HD

gene is inherited in an autosomal dominant

fashion, where individuals with a parent affected

< 26 Normal Allele Carriers

W9_< cAG X cAG >

 J

» 27-35 Intermediate Allele Carriers

“—————» 36-39 Reduced Penetrance

( CAG X CAG X CAG X CAG X CAG )—» 2 40 Full Penetrance

Figure 1. Overview of CAG repeat lengths on the HT'T gene and penetrance of HD. The figure is modified from

Chandra et al. (2014).



by HD have 50% risk of inheriting the gene.
Generally, there is a wide variation in CAG
repeat length with unstable intergenerational
transmission. From paternal inheritance, the
CAG repeat length can be affected by a larger
increase in preceding generations due to an
unstable germline inheritance — a process called
anticipation (Gusella et al., 2014; Telenius et al.,
1993).

Neuropathology

Neuron degeneration and dysfunction can be
caused by abnormal accumulation of mHTT
fragments but the mechanisms are not well
understood (Ghosh & Tabrizi, 2018; Mehrabi et
al., 2016; Waldvogel et al., 2014). One theory is
that the aggregates of the mHTT make abnormal
deposits in the nuclei, cytoplasm, dendrites, and
axon terminals

of the neurons, causing a

pathogenic cascade ultimately leading to
neuronal death. Atrophy caused by aggregated
mHTT is most pronounced in striatal medium
spiny neurons of the caudate and putamen and
can be found in these areas decades before
clinical diagnosis (Aylward et al., 2011; Bunner

& Rebec, 2016; Scahill et al., 2017).

As the striatum is closely connected to the
through
dysfunction of the cortico-basal

cerebral  cortex cortico-striatal
projections,
ganglia connections can explain many of the
symptoms that are seen in HD (Mehrabi et al.,
2016). These include motor problems, cognitive
dysfunction, and behavioural symptoms (Bunner

& Rebec, 2016; Mehrabi et al., 2016).

Disease onset

Most HD gene expansion carriers are diagnosed
with manifest HD in their midlife, at 40-50 years
of age (Bunner & Rebec, 2016). An HD diagnosis

is based on the diagnostic certainty of motor
disturbances affecting the individual (Ross et al.,
2014).
demonstrated that cognitive and psychiatric

Interestingly, numerous studies have
symptoms can precede the motor diagnosis for
more than a decade (Epping et al., 2016; Paulsen
et al., 2013, 2017; Vinther-Jensen et al., 2014).
The age at disease onset can be partly predicted
by the CAG repeat length, where a longer repeat
length predicts an earlier manifestation of
disease. Several predictive models of age at onset
CAG-age-product
(CAP) score was the first model for the age at

have been proposed. The

onset and is thought of as a disease burden score
(Penney et al., 1997). The CAP score is based on
a cumulative measure of the toxic mHTT
protein, but is not recommended for use in the
clinic. While the CAG repeat length can be
predictive of the disease onset, specifically in
terms of motor and cognitive symptoms, the
duration of disease and psychiatric symptoms
seems to be independent of the CAG repeat
length (Gusella et al., 2014).

Natural history

The disease course has been examined in large

multi-site longitudinal cohort studies, from

where evidence on the earliest changes have been

demonstrated, including impairments and
disturbances  characterising  proximity to
diagnosis, and symptoms predictive  of

progression. Despite wide variability between
patients, such studies can help illustrate the
classical course of the disease. The most well-
known studies are the Neurobiological Predictors
of Huntington’s Disease (PREDICT-HD) and the
TRACK-HD (Paulsen et al., 2008, 2014; Tabrizi
et al., 2009, 2011, 2012, 2013). These studies have
described
specifically in the putamen and caudate regions

significant striatal volume loss,

in the premanifest stage of disease, even 10-15
years prior to diagnosis (Aylward et al., 2011,



Paulsen et al., 2014; Ross et al., 2014; Tabrizi et
al., 2011, 2012, 2013). Motor functions and
functional capacity decrease throughout the
premanifest stage, with an acceleration of motor
disturbances just prior to diagnosis (Paulsen et
al., 2014; Tabrizi et al., 2011, 2012, 2013).
Psychiatric illnesses and cognitive dysfunction
are present in premanifest HD gene expansion
carriers and decline over time (Paulsen et al.,
2014). The Symbol Digit Modality Test (SDMT)
is the most sensitive cognitive measure and
predictive of disease progression (Paulsen et al.,
2013; Tabrizi et al., 2013). Emotion recognition
the
premanifest stage of disease and can differentiate

abilities are significantly affected in

between premanifest HD gene expansion carriers
and manifest HD gene expansion carriers
(Tabrizi et al., 2013). Symptoms of apathy are
more prevalent in premanifest and manifest HD
gene expansion carriers when compared to
controls (Tabrizi et al., 2009). In manifest HD
gene expansion carriers, whole-brain volume
decreases over time and there is evidence of
cortical thinning throughout the cortex (Tabrizi
et al., 2009, 2013). Initial motor symptoms is
predictive of later rapid functional decline in
manifest HD (Tabrizi et al., 2013). Functional
decline is further associated with frontal lope
functions like apathy, irritability, and affect.



Introduction to the Studies

Some symptoms of Huntington’s disease (HD) have a greater impact on the person living with the

disease than others. While the motoric symptoms of HD might be easier to accept, research has

demonstrated that the most debilitating symptoms are cognitive and behavioural, placing the

greatest burden on HD families (Paulsen et al., 2017; Ready et al., 2008). These symptoms are highly

associated with functional decline in HD and highly predictive of the motor diagnosis. It can be

speculated that these symptoms are especially challenging for the patients and their families because

they affect the personal character of individuals with HD. This project focuses on three symptom

groups that reflects changes in self-perception, cognition, and behaviour: apathy, social cognitive

dysfunction, and changes in autonomy.

STUDY I: CHARACTERISING APATHY IN HD

The
affecting the network of the limbic loop, might

underlying neuropathology of apathy,

explain the frequent presence of apathy in HD
(De Paepe et al., 2019; Le Heron et al., 2019;
Levy & Dubois, 2006; Martinez-Horta et al.,
2018). Apathy has been suggested to be present
in up to 55-76% of patients with HD, with a
longitudinal prevalence of up to 84-99% (Paulsen
et al., 2001; Thompson et al., 2012; van Duijn et
al., 2007). The presence of apathy follows the
disease progression, with a higher frequency in
more severe stages of disease (Camacho et al.,
2018; Thompson et al., 2012). A substantive
body of evidence have linked apathy to higher
rates of functional decline (Fritz et al., 2018;
Sellers et al., 2020; van Duijn et al., 2010),
cognitive decline, specifically
dysfunction (Andrews et al., 2020; Baudic et al.,
2006; Reedeker et al., 2011; van Duijn et al.,
2010), and depression (Andrews et al., 2020;
Thompson et al., 2002; van Duijn et al., 2010).
Depression and apathy share symptoms like

executive

inactivity, decreased response to others, and
fatigue. However, depression and apathy can be
present independently (Thompson et al., 2002),
and depression involves specific symptoms like
guilt, hopelessness, and sadness which is not
typical in apathy and suggests a dissociation

between the conditions (Lanctét et al., 2017,
Nobis & Husain, 2018).

Similarly, evidence on apathy has been

demonstrated in other neurodegenerative
diseases, with increased presence in severe stages
of disease and close associations with cognitive
dysfunctions and functional decline, specifically
in Alzheimer’s disease and Parkinson’s disease
(Dujardin et al., 2009; Fahed & Steffens, 2021,
Manera et al., 2019; Nobis & Husain, 2018;
Pagonabarraga et al., 2015; Radakovic &

Abrahams, 2018).

Special interest should be directed at examining
symptoms of apathy in HD, since apathy can
lead to substantial caregiver burden and distress,
as well as a lower quality of life for both patients
and their caregivers (Craufurd et al., 2001; Fahed
& Steffens, 2021; Manera et al., 2019; Nobis &
Husain, 2018; Robert et al., 2018). In recent
years, a greater focus on apathy has led to an
understanding of apathy as a multidimensional
syndrome encompassing different subtypes of
emotion, social interaction, cognition, and
initiation (Radakovic & Abrahams, 2018; Robert
et al., 2018). While numerous instruments exist
for the assessment of apathy, the most recent
instruments are often based on the theoretic
characterisation of apathy as a multidimensional



syndrome. In contrast, apathy is often
characterised as a single behavioural symptom in
HD literature, and substantial fractions of the
available research characterises it as such by
using the short Problem Behaviors Assessment
for Huntington’s Disease (PBA-s) for assessment
(Craufurd et al., 2001). This is very likely one
reason why apathy remains poorly understood in
HD and why it remains unknown to what degree,
evidence from other neurodegenerative diseases
can apply to HD. A comprehensive assessment of
apathy as a multidimensional syndrome is
needed to characterise the specific types of
apathy that are present in HD. Such evidence
could also inform caregivers and families on the
consequences that this syndrome can have and
hopefully lead to a better understanding of the
care needed by the patient and a lower burden

on the caregivers.

STUDY II: SOCIAL COGNITIVE DYSFUNCTION
AND FUNCTIONAL DECLINE

During the last decades, it has become well-
social cognitive dysfunction is
prevalent in HD (Bora et al., 2016; Snowden,
2017). Nonetheless, evidence on social cognitive
in HD is
simplified perspective on the social cognitive

known that

dysfunction characterised by a
functions, with a specific focus on theory of mind
and emotion recognition abilities and the use of
a few specific tests for assessment (Bora et al.,
2016). Social cognition includes several other
functions such as sympathy, empathy, and
alexithymia, which despite being highly relevant
for HD, are rare examined in HD patients
(Mason et al., 2021; Snowden, 2017). Evidence
on the debut of social cognitive dysfunction have
with
demonstrating social cognitive dysfunction in the

been conflicting, some studies

premanifest stage of disease (Eddy et al., 2018;
Eddy & Rickards, 2015a, 2015b; Stout et al.,
2011), while other studies fail to demonstrate

social cognitive dysfunction before the manifest
stage of disease (Kipps et al., 2007; Larsen,
Vinther-Jensen, Gade, et al., 2016; Milders et al.,
2003). A meta-analysis has suggested that social
cognitive dysfunction might be more severe in
near-onset premanifest individuals, potentially
serving as a biomarker for disease progression
2016).
speculated that the different functions of social

(Bora et al., Moreover, it can be
cognition are affected at a different time during
the disease. Based on the evidence that emotion
recognition abilities have been reported to be
associated with volumes of the caudate and
putamen, emotion recognition might be an early

affected function in HD (Harrington et al., 2014).

Theoretical discussions of the executive elements
in social cognitive tests and social cognitive
functions make out an integral part. In HD,
social cognitive dysfunctions have been linked to
executive functions in a number of studies
(Briine et al., 2011; Eddy et al., 2014; Larsen,
Vinther-Jensen, Nielsen, et al., 2016), while other
find
independently from executive dysfunction
(Allain et al., 2011; Eddy & Rickards, 2015a).
The interesting questions concerns whether the

studies social  cognitive dysfunction

associations between social cognition and
executive function are solely explained by the
tests used for assessment? Since examinations of
social cognition often involve elements that taps
executive functions, attention, and retrieval of
information, results from such tests are difficult
to interpret and the overlap might explain the
associations often found between social cognition
and executive functions. Another suggestion is
that social cognitive abilities draw on executive
functions to some degree, explaining why some
studies find that the executive dysfunction
contributes to the social cognitive impairments
in HD. That taking another person’s perspective
besides one’s own requires additional cognitive

effort, can demonstrate one explanation for the



involvement of executive functions in social
cognition (Bradford et al., 2015). However, the
fact that social cognitive dysfunction has been
found partially independent from executive
dysfunction in HD suggests that social cognition
and executive functions are dissociable functions
(Allain et al., 2011; Eddy & Rickards, 2015a).
This has also been suggested in studies of
patients with traumatic brain injury (Aboulafia-
Brakha et al., 2011; Havet-Thomassin et al.,

2006; Muller et al., 2010).

the
abilities in activities of daily functioning is poorly

Finally, importance of social cognitive

elucidated in HD despite the apparent relevance
of the subject.
affects every social interaction with other people,

Social cognitive dysfunction

and the complex capacities involved in social
negotiations are specifically important for the
functional capacity in HD. Only a few studies
the
cognition and functional capacity have been

examining association between social
performed and come to conflicting conclusions
(Briine et al., 2011; Eddy et al., 2014; Ille et al.,
2011; Tabrizi et al., 2013). When considering the
multiple situations of daily function and social
interactions, where social cognitive functions are
important, the lack of evidence warrants more

thorough investigations.

STUDY III: CHANGES IN THE SELF-
PERCEPTION OF AUTONOMY

Changes in self-perception has not previously
been examined in HD. As a neurodegenerative
disease affecting the motoric and functional
abilities, cognitive function, and the psychiatric
status of a person with the disease, HD imposes
profound life changes on the person with adverse
effects on functional independence and mobility,
employment prospects, and social life (Craufurd
& Snowden, 2014). Consequently, HD might
affect the perception of self.

In dementia, research has investigated the
consequences of having a neurodegenerative
disease on the perception of self (Caddell &
Clare, 2010; Strikwerda-Brown et al., 2019).
What constitute the self is often very differently
conceptualised but overall, the evidence suggests
some persistence in the perception of self, while
other

Alzheimer’s disease, a weakened sense of self and

aspects of self are deteriorated. In

an impaired self-concept have been demonstrated
(Addis & Tippett, 2004; Martinelli et al., 2013).
In other studies, it has been emphasised that
with
Alzheimer’s disease persists, even in severe stages
of the disease (Cohen-Mansfield et al., 2000;
Eustache et al., 2013). Some studies have focused

some aspects of identity in patients

on autobiographical memory, which is thought to
facilitate a continuity in the feelings of self and
identity, as it helps to integrate past and present
selves in the self-narrative (Addis & Tippett,
2004). The
between the perception of self and cognitive

investigation of the association

impairments have shown limited evidence and it
is still unclear whether cognitive decline in
neurodegenerative diseases might affect the
perception of self (Caddell & Clare, 2013).

Since memory functions are often affected by
dementia (including autobiographical memory),
the changes to self might be more apparent in
dementia, than in early stages of HD, where
memory impairments might not be as prominent.
However, the investigation of changes to self-
perception in HD and in other neurodegenerative
diseases are still very relevant, as it has a number
These
patients’ ability to cope with their disease, their

of important implications. include

ability to form and preserve social relationships

and interactions with family, friends, and

professionals, and it can inform us on the type of
intervention relevant for them (Caddell & Clare,
2010, 2013).



The perception of autonomy as an aspect of the
the ability to
motivation and actions (Ryan & Deci, 2000,

self, include self-regulate
2006). The study of autonomy has high clinical
relevance for HD, as a low degree of autonomy
has been linked to higher risk of depression and
anxiety, among other psychopathologies, in the
normal population (Bekker & Belt, 2006; Rutten
et al., 2016; Ryan et al., 2006, 2016). Thus, if the

self-perception of autonomy is affected by HD to
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some degree, this might help explain why some
with  HD
psychopathology than others. Irrespective, the

individuals experience  more
investigation of autonomy in HD can help
demonstrate if the neurodegeneration of HD
affects the self-perception of autonomy, and if the
with the
symptoms has a consequence for the perception

of self.

dependence on others increasing



Aims

The overall aim of this PhD project was to investigate neuropsychological and behavioural changes
in premanifest and motor-manifest Huntington’s disease (HD) gene expansion carriers. To accomplish
this aim, three studies were conducted to investigate symptoms of apathy, social cognitive
dysfunction, and changes in the self-perception of autonomy. A further aim was to conduct follow-
up examinations on a large single-site cohort of HD gene expansion carriers and gene-negative family-
based controls previously examined in year 2012-2013 (Study II).

Study objectives:
Study I: Characterising apathy in HD
To examine the presence of apathy in HD using two different instruments

To investigate which subtypes of apathy were affected in HD gene expansion carriers

To examine which symptoms of HD could predict the presence of apathy

Study II: Social cognitive dysfunction and functional decline in HD

To examine if the HD gene expansion carriers who were impaired on the cognitive domains
executive function and social cognition were the same or different
To investigate which of the cognitive domains could predict the decline in functional capacity

over a 6-year follow-up period

Study III: Changes in the self-perception of autonomy

To explore the self-perception of autonomy in HD gene expansion carriers
To examine if autonomy was associated with neuropsychiatric symptoms, cognitive status,
apathy, or motor function in HD

11



Methods

This PhD project consisted of a prospective cohort of Huntington’s disease (HD) gene expansion

carriers and gene-negative family controls which was examined in the clinic in year 2017-2021. The

cohort included participants originally enrolled in year 2012-2013, who were followed up with new

neurological and neuropsychological examinations, and new participants enrolled in the cohort for

the first time. The examinations performed in year 2017-2021 constitute the basis of this PhD project,
but results from year 2012-2013 are included in Study II. In the following, the cohort of year 2012-
2013 will be referred to as participants from Time 1 and the cohort of year 2017-2021 will be referred

to as participants from Time 2.

PARTICIPANTS

The participants from all studies in this project
were enrolled from the Neurogenetics Clinic and
the Danish Dementia Research Centre at the
Neurological Department, at Rigshospitalet —
Blegdamsvej in Denmark. Participants from
Time 1 have been described previously (Larsen
et al., 2015; Vinther-Jensen et al., 2014). The HD
gene expansion carriers from Time 1 were
contacted and invited to participate in the follow
up examinations. New participants were invited
to take part in the study for the first time. A
total of 88 participants took part in the project
at Time 2, with an additional 20 participants
Time 1 the
neuropsychological assessment and therefore only

from not included in
included in Study II as follow-up participants.

New participants were responders to an
advertisement in the newsletter of the Danish
Huntington’s Disease Association or responders
28). A

flowchart over inclusion of participants at Time

of word-to-mouth invitation (N =

1 and Time 2 can be seen in figure 2.

New participants were included based on the
same criteria applied at Time 1: a cytosine-
adenine-guanine (CAG) repeat length > 39, an
Unified Huntington’s Disease Rating Scale
(UHDRS) — Total Motor Score (TMS) < 55
(Huntington’s Study Group, 1996), a Montreal
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Cognitive Assessment (MoCA) score > 19
(Nasreddine et al., 2005), and a Mini-Mental
State Examination (MMSE) score > 24 (Folstein
et al., 1975). The exclusion criteria were other
neurological disease, an ongoing alcohol- or drug
abuse, or a native language other than Danish.

Genetical counselling and information on their
genetic status were received by all participants
prior to and independently from enrolment in the
studies of this project.

Included for
analysis at Time 1
N=98

Excluded

Excluded
- N=8

Dead
N=8

Gene

riers

Final number of HD
Gene Expansior
Carriers at Time 2
N =108

Figure 2. Inclusion of participants at Time 1 and Time
2. The figure is modified from manuscript I1I, Hendel,
Hellem, Larsen, et al. (2022).



Classification of participants

The HD gene expansion carriers were classified
as premanifest HD gene expansion carriers if they
had an UHDRS-TMS < 5 and presented without
substantial motor symptoms that could be
explained by HD. A classification of motor-
manifest HD gene expansion carriers was applied
if the participants scored > 5 on the UHDRS-
TMS.

Controls

The control group consisted of family members,
at-risk for inheriting the HD gene expansion, but
who were tested negative (a CAG repeat length
< 30). This family-based control group were
chosen over unrelated healthy controls to better
and environmental

match for psychosocial

factors from growing up in a family with HD.

Participants included in studies

The difference in participants included in the
studies are explained in the following. Please see
table 1 for an overview of the number of

participants in the studies.

Study I Participants from Study I included 82
HD gene expansion carriers (40 premanifest HD
gene expansion carriers and 42 motor-manifest
HD gene expansion carriers). All participants
were examined at Time 2 and included both
participants who had participated in the project
at Time 1 and new participants. In manuscript
II, two motor-manifest HD gene expansion
carriers were excluded from the study, because of
a lack of cognitive data.

The study included 32 control participants, of
which both new controls and controls who
participated in the cohort at Time 1 were
included.

Study II This study solely included participants
who had participated in the cohort at Time 1 and
who were invited to take part in the cohort again
at Time 2. The final number of participants was
98 at Time 1 (50 premanifest and 48 motor-
manifest HD gene expansion carriers) and 80 at
Time 2 (34 premanifest and 46 motor-manifest
HD gene expansion carriers). Twenty HD gene
expansion carriers did not take part in the
neuropsychological examination at Time 2 but
fulfilled the criteria for being included in this
study, since neuropsychological data from Time
1 were available.

Table 1. Number of participants included in the studies and manuscripts.

HD Gene Expansion Carriers

Premanifest Motor-Manifest Controls

Study I

Manuscript I 40 42 32

Manuscript 11 40 40 32
Study II

Manuscript III

Time 1 50 48 46

Time 2 34 46 46
Study III

Manuscript IV 20 24 19
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The control group was a combined control group
that consisted of both new participants and
participants who had previously taken part in the
cohort at Time 1 (N = 46). Scores from the
taken their
examination, so that scores from Time 2 were

controls  were from initial
only included for new control participants (N =
7). This was decided in order to avoid any

practice effects, and to better equalise the scores.

Study III The participants of Study III included
participants who had previously taken part in
Study I and who were invited to take part in an
additional short exploratory study in year 2020-
2021.
participants and participants who had taken part
in the cohort at Time 1. In total, 44 HD gene

expansion carriers took part

The participants included both new

in the study,
consisting of 20 premanifest and 24 motor-

manifest HD gene expansion carriers.

The control group included 19 controls, who had
previously taken part in Study I and included
control participants from the cohort examined at
Time 1, as well as new control participants from
Time 2.

PROCEDURE

This PhD project was approved by the Ethics
Committee of the Capital Region of Denmark

(H2-2011-085 and H-17002606). We obtained
written informed consent from all participants
before their enrolment in the project. Two visits
were scheduled for all participants and performed
in a random order: a neurological examination
and a neuropsychological assessment. For the
Study I1I,
assessment

participants of another

neuropsychological (comprising
instruments on self-perception) was scheduled

about a year after the first one.

Neurological examination

The neurological examination included measures
on motor function (UHDRS-TMS) (Huntington’s
Study Group, 1996), cognitive status (MMSE
and the MoCA) (Folstein et al., 1975; Nasreddine
et al, 2005), neuropsychiatric illness (the
Symptom Checklist revised, SCL-90-R and the
Hamilton Depression Scale, HAM-17) (Derogatis,
2009; Hamilton, 1960),
symptoms  (the short

Assessment for Huntington’s Disease, PBA-s)

and  behavioural
Problem Behavior

(Callaghan et al., 2015). The functional capacity
was assessed across the 6-year follow-up period
between Time 1 and Time 2 using the UHDRS
Total Functional Capacity scale (UHDRS-TFC)
1996). The
instruments are presented in table 2.

(Huntington’s  Study  Group,

Table 2. Description of instruments and measures included in the neurological examination.

Description

Neurological Examination
CAP

A CAG Age Product (CAP) score was calculated for all HD gene

expansion carriers as CAP = Age - (CAG — 35.5) based on the formula
by Penney et al., (1997).

Motor function

UHDRS-TMS

The Unified Huntington’s Disease Rating Scale — Total Motor Score

(UHDRS-TMS) is a standardized rating scale on motor symptoms in
HD (Huntington’s Study Group, 1996). The UHDRS-TMS include 31
items rated on a 4-point Likert scale, ranging from 0 (normal) to 4

14



Cognitive status
MMSE

MoCA

Neuropsychiatric illness

HAM-17

SCL-90-R

Behavioural symptoms
PBA-s

Functional Capacity
UHDRS-TFC

(severe impairment). The UHDRS-TMS yields a total score of 0-124,
where a higher score indicates more severe motor disabilities.

The Mini-Mental State Examination (MMSE) is a widely used
cognitive screening instrument examining the cognitive status of an
individual (Folstein et al., 1975). The MMSE has a high focus on
memory abilities, but other cognitive functions are also examined. It
yields a total score of 0-30, where a higher score indicates better
cognitive performance.

The Montreal Cognitive Assessment (MoCA) is another cognitive
screening instrument investigating the cognitive status of an individual
(Nasreddine et al., 2005). Unlike the MMSE, the MoCA has a greater
focus on executive functions which makes it more sensitive to the early
changes in HD. The MoCA yields a total score of 0-30, where a higher
score indicates better cognitive performance.

The Hamilton Depression Scale (HAM-17) is semi-structured interview
examining depression (Hamilton, 1960). The HAM-17 contains 17 items
on depressive symptoms, scored on a 5-point Likert scale (0-4) or a 3-
point scale (0-2), where a higher score indicates increased severity of
the symptoms.

The Symptom Checklist — Revised (SCL-90-R) is a self-report scale
that examines the psychological status of the subject within the past
seven days (Derogatis, 2009). It contains 90 items on psychological
symptoms that can lead to distress. The items are answered on a 5-
point Likert scale, ranging from 1 (not at all) to 5 (extremely
distressing). The SCL-90-R yields nine symptom dimensions and three
global indexes: The Global Severity Index, the Positive Symptom
Total, and the Positive Symptom Distress Index. In this project, all
raw scores were converted to T scores, by normalizing data to a sample
of nonpsychiatric danish participants, sorted by gender (Olsen et al.,
2004).

The Short Problem Behavior Assessment for Huntington’s Disease
(PBA-s) assesses behavioural symptoms in individuals with HD,
through a semi-structured interview (Callaghan et al., 2015). The PBA-
s has 11 items which are scored on a 5-point Likert scale for both the
frequency and severity of the symptom, ranging from 0 (absent) to 4
(present all the time/causing severe problems). Ratings are based on
information from the patient, an informant and the clinicians own
clinical observations.

The Unified Huntington’s Disease Rating Scale — Total Functional
Capacity (UHDRS-TFC) is an interview that assesses the functional
capacities of individuals with HD (Huntington’s Study Group, 1996).
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It contains 5 items, covering basic functions of daily life (occupation,
handling of finances, domestic responsibilities) and activities of daily
living (bathing, dressing, eating, level of care — facility or home). A
total score of 0-13 indicates the level of functional capacity, with a
higher score indicating better function.

Neuropsychological assessment

For Study I and II, the participants were assessed
with a 3-4 hour long neuropsychological test
battery. They were encouraged to take breaks
during the assessment to avoid exhaustion and
fatigue. For some participants the assessment
was performed over two days. The battery
included tests on premorbid level of intelligence,
psychomotor speed and attention, memory,
visuospatial functions, executive functions, social
cognition, and apathy. The instruments of the
neuropsychological assessment relevant for this
PhD thesis are presented in the following and

described in table 3.

Executive Functions The instruments used to
assess executive functions were the Fluency tests
(Lezak, Howieson & Loring, 2004), the Symbol
Digit Modality test (SDMT) (Smith, 1982), the
Brixton test (Burgess & Shallice, 1997), the
Stroop test (Stroop, 1935), and the Trail Making
test part B (TMT B) (Reitan, 1955).

Social Cognition Instruments of the social
cognitive functions were the Emotion Hexagon
test (EH) (Calder et al., 1996; Sprengelmeyer et
al., 1996), the Reading the mind in the eyes test
(RMET) (Baron-Cohen et al., 2001), and the
Awareness of Social Inference test (TASIT),
Social Inference — Minimal (SI-M) (McDonald et

al., 2003).

Classification of Cognitive Impairments In
Study II, participants were classified as impaired
or not on the two cognitive domains social

cognition and executive functions, using the

16

methods described below.

Based on the cognitive performance scores of the
controls from Time 1, we calculated normative
regression-based reference data, correcting for
age, sex, and educational index score. Percentile
estimates were calculated for the expected score,
the the

cumulative distribution function as specified by

representing inverse of normal
the regression model. For each test, the observed
scores of each participant at Time 1 was
compared to the estimated expected score for the
relevant group. If the score was at or below the
10t percentile estimate, the participant was
classified as impaired on the specific test. We
applied a classification of impaired on social
cognition if the participants were impaired on
one or more of the three social cognitive tests. A
classification of impaired on executive functions
was applied if the participants were impaired on
two or more of the six included executive tests.

Apathy The assessment of apathy was performed
using the PBA-s (Callaghan et al., 2015) and the
Lille Apathy Rating Scale (LARS) (Sockeel et
al., 2006). The
administered  independently,

two instruments were
the

knowledge of the scores of the other. Regression-

without

based reference data correcting for age, sex, and
educational index score was calculated based on
the scores of the controls on the Global LARS.
The HD gene expansion carriers with a score <
10t percentile of the controls were classified as
apathetic. On the PBA-s, we used a cut-off score
of > 2 on the Apathy subscale to classify
apathetic participants. The Apathy subscale was



based on the product score of the severity score
and the frequency score on the Apathy item.

Self-perception

The participants of Study III were examined with
a short 1-hour battery on self-perception. The
battery contained instruments on self-identity,
autonomy, apathy, and neuropsychiatric
symptoms. Relevant for this PhD thesis is the
scores on measures of autonomy, apathy, and

neuropsychiatric illnesses. The instruments on

autonomy were the Autonomy-Connectedness
Scale (ACS-30) (Bekker & van Assen, 2006) and
the Index of Autonomous Functioning (IAF)
(Weinstein et al., 2012). Both instruments were
translated to Danish and back-translated to
English in agreement with the authors of the
original scales. A classification of a low degree of
autonomy was applied if the motor-manifest HD
gene expansion carriers had a degree of
autonomy that was lower than or equal to the
10th The

instruments are described in table 3.

percentile score of the controls.

Table 3. Description of instruments and measures applied in the neuropsychological assessment and the

assessment of self-perception.

Description
Neuropsychological Assessment

Frecutive Functions
Fluency Tests

The participants were examined with four fluency tests. In the Lexical

Fluency test, participants must within one minute name as many words
as possible beginning with each of the letters F, A, and S (Lezak,
Howieson & Loring, 2004). In the Semantic Fluency test the
participants should name as many animals as possible within one
minute. Both types and categories of animals were accepted. In the
Lexical Alternating Fluency test (K-B words), the participants should
name as many words as possible within one minute beginning with the
letters K and B, in an alternating order. In the Semantic Lexical
Alternating Fluency test (Food-D words) the participants should name
as many words as possible alternating between words beginning with
the letter D and names of food found in a supermarket. The
participants had one minute to name as many as possible. For all the
fluency tests, we accepted all Danish words, except for proper nouns.

SDMT

The Symbol Digit Modalities test (SDMT) investigates psychomotor

speed, with a brief substitution test where participants use a reference
key to pair nine different numbers with specific geometric symbols
(Smith, 1982). Participants have 90 sec to pair as many numbers as

possible.

The Brixton Test

The Brixton test is a test of task analysis. By using a stimulus book,

the participants are presented with ten circles numbered 1-10 in the
same basic display, but for each page in the book one circle is printed
blue (Burgess & Shallice, 1997). With no feedback, the participants
must on each page indicate the position of the blue circle on the next
page by guessing the pattern of the movement of the blue circle, based
on the positions from previous pages.
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The Stroop Test

TMT B

Social Cognition
EH

RMET

TASIT

Apathy
LARS

18

The Stroop Interference test is a test of interference and inhibition
(Stroop, 1935). In the interference test of the 100-word version,
participants must name the colour of the ink that the words are printed
in as fast as possible. The words are names of colours which does not
correspond to the printed ink, for example would the word yellow be
printed in green, and the participants should say green.

The Trail Making test part B (TMT B) measures set-shifting.
Participants must connect circles with the numbers 1-13 and the letters

A-L, alternating between numbers and letters in an ascending sequence
(Reitan, 1955).

The Emotion Hexagon (EH) assesses facial emotion recognition (Calder
et al., 1996; Sprengelmeyer et al., 1996) using 30 pictures of facial
expressions of the six basic emotions (happiness, surprise, fear, sadness,
anger, and disgust). Each picture was morphed along a spectrum, so
that each emotion was blended with the two neighbouring emotions
with a ratio of 90:10, 70:30, 50:50, 30:70, and 10:90. As an example,
happiness was blended with surprise and anger. The participants must
indicate the emotion with the highest ratio in each picture. Emotions
blended by 50 % were neutral stimuli and were not included in the
total score.

The Reading the Mind in the Eyes test (RMET) is a test of theory of
mind (Baron-Cohen et al., 2001). By using 36 pictures of the eye-region
of males and females, participants must choose the word from four
possibilities which best described the emotional state of the portraited
person. The pictures depicted various negative and positive emotional
states and each picture were presented with four different words of
emotional states. The participants were presented with a wordlist
where every word was described and used in a sentence.

The Awareness of Social Inference test (TASIT), Social Inference —
Minimal (SI-M) is a test of sarcasm detection (McDonald et al., 2003).
It consists of 15 short, videotaped vignettes of everyday conversations
between two persons. The videotaped vignettes are translated to
Danish (Bliksted et al., 2014). The vignettes are either portraying
sincere conversational exchanges (five vignettes), simple sarcasm,
where the words and paralinguistic and facial cues are incongruent (five
vignettes), or paradoxical sarcasm, where the dialogue is only
meaningful if it is understood that the person is being sarcastic (five
vignettes). For each vignette, the participants must answer four
questions, that investigates the participant’s perception of the
conversation.

The Lille Apathy Rating Scale (LARS) is a standardized structured
interview on apathy (Sockeel et al., 2006). It contains 33 items, that
are divided into 9 different domains, based on the clinical
manifestations of apathy. The items are either answered on a 5-point



Assessment of Self-Perception

ACS-30

IAF

Likert Scale, ranging from -2 to 2 (items 1-3), or on a binary yes/no
scale (-1 to 1, with an additional 0, for not applicable). The interview
yields a global score (-36 to 36) and four subtypes describing the
distinct dimensions of apathy: Intellectual Curiosity, Emotions, Action
Initiation, and Self-Awareness (-4 to 4). A higher score indicates a
higher degree of apathy.

The Autonomy-Connectedness Scale (ACS-30) is a self-report
questionnaire on autonomy with 30 questions, answered on a 5-point
Likert scale ranging from 1 (disagree) to 5 (agree) (Bekker & van
Assen, 2006). The scale contains three subscales: Sensitivity to Others,
Capacity for Managing New Situations, and Self-Awareness. A higher
score represents a higher degree of autonomy.

The Index of Autonomous Functioning (IAF) is a self-report
questionnaire on autonomy (Weinstein et al., 2012). It includes 15
questions answered on a 5-point Likert scale, ranging from 1 (not at all
true) to 5 (completely true). The IAF consist of three subscales:
Authorship/Self-Congruence, Interest-Taking, and Susceptibility to
Control. A total score is calculated based on the scores from the
subscales as Total IAF = Author + Interest — Control. A higher total
score represents a higher degree of autonomy.
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Results

This section will cover the main results of Study I-III. The results will be presented in separate

subsections for each study. For details on the demographic information of the groups and specific

results not presented here, please refer to the manuscripts in appendix.

CHARACTERISING APATHY IN HD (STUDY I)

Characterising of apathy using two different
instruments: the Lille Apathy Rating Scale
(LARS) and the
Assessment (PBA-s) was a main outcome of
study I. The results demonstrated that the
motor-manifest Huntington’s disease (HD) gene

short Problem Behaviors

expansion carriers had a significantly higher
degree of apathy on both the PBA-s Apathy
subscale and the Global LARS when compared
with the premanifest HD gene expansion carriers
and the controls (see table 4). The PBA-s
Apathy subscale and the Global LARS was
significantly associated, but the effect was
indicated that the two

instruments only to some extent examined the

medium-sized and

same construct. The scores of the premanifest
HD gene expansion carriers were not significantly
different from the scores of the controls on both
apathy instruments.

The HD gene expansion carriers were classified
as apathetic or nonapathetic based on the criteria
described in the method section. When applying
the LARS 28% HD gene expansion carriers were
classified as apathetic. This corresponded to 16
motor-manifest and 7 premanifest HD gene
expansion carriers. When compared with the
nonapathetic, the apathetic HD gene expansion
carriers had a significantly higher motor score
and scores on the neuropsychiatric screening
tests. The scores on the cognitive screening tests
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did not differ statistically between the apathetic
and the nonapathetic HD gene expansion

carriers.

When the PBA-s Apathy subscale was applied,
16.4% of the HD gene expansion carriers were
classified as apathetic. These individuals only
included motor-manifest HD gene expansion
12). The results indicate that

participants
apathetic than the
premanifest participants, when both the LARS

carriers (N =

motor-manifest were more

frequently classified as

and the PBA-s were applied.

Applying the LARS to identify subtypes of apathy

The
manifest participants had a higher degree of

results demonstrated that the motor-
apathy on the subscales Intellectual Curiosity
and Action Initiation when compared to the
premanifest participants and the controls (see
table 4). The difference between the motor-
manifest HD gene expansion carriers and the
controls on the Action Initiation subscale had the
highest effect (r = - 0.51). When correcting for
multiple comparisons, the difference between the
motor-manifest and the premanifest HD gene
expansion carriers on the Intellectual Curiosity
could no considered

subscale longer be

significant.



Table 4. Scores on the PBA—s Apathy subscale and on the LARS for the HD gene expansion

carriers and the controls.

HD Gene Expansion Carriers Controls
Premanifest Motor-Manifest

N 40 42 32

PBA-s Apathy subscale score 0.1 (0.2) 1.2 (2.0)f 0.1 (0.3)

Global LARS score -25.2  (4.3) -21.2  (6.7)f -26.3 (3.0)
Intellectual Curiosity score -2.8 (0.7) -2.4  (0.9)f -2.9 (0.5)
Emotions score -2.6 (1.0) -2.3 (1.0 -2.6 (0.7)
Action Initiation score -3.4 (0.7 2.4 (1L.1)H -3.5 (0.6)
Self-Awareness score -2.1 (1.8) -2.3  (1.6) -2.5 (1.5)

Note. tStatistically significant difference from the controls (p < 0.05). iStatistically significant

difference from the individuals with premanifest HD (p < 0.05).
HD: Huntington’s disease. LARS: Lille Apathy Rating Scale. PBA—s: The short Problem

Behaviors Assessment for Huntington’s Disease. The table is adapted from manuscript I,

Hendel et al. (2021).

Table 5. Correlations between scores on the LARS
and the social cognitive and executive tasks for the
total group of HD gene expansion carriers.

Global
LARS
Social Cognition Score
TASIT SI-M Total Score -.14
Sincere Score -.13
Simple Sarcasm Score -.02
Paradoxical Sarcasm Score -.07
EH Total Score =27
RMET Total Score -.20
FErecutive Functions
SDMT Total Score -.88"
TMT B (sec) 28"
Lexical Fluency Score =27
Semantic Fluency Score -.85"
Alternating Fluency Score =27
Stroop Test Incongruence Score (sec) 19
Brixton Test Score 19

Note. * Statistically significant (p < .05).

HD: Huntington’s Disease. LARS: The Lille Apathy
Rating Scale. TASIT: The Awareness of Social
Inference test. SI-M: Social Inference Minimal. EH:
Emotion Hexagon. RMET: Reading the Mind in the
Eyes test. SDMT: Symbol Digit Modality test. TMT
B: Trail Making test B. The table is adapted from
manuscript II, Hendel, Hellem, Hjermind, et al.
(2022a).

Predicting the presence of apathy

In the combined group of HD gene expansion
(the LARS
significantly associated with the motor function,

carriers, apathy score)  was
the cognitive status, and the neuropsychiatric

symptoms. In  contrast, no  significant
associations were found between apathy and age,
the cytosine-adenine-guanine (CAG) repeat
length, or the CAG Age Product (CAP) score.
When examining the cognitive measures, we
found that apathy was significantly negatively
associated with the Emotion Hexagon (EH) score

and with most executive tasks (see table 5).

Two regression models were applied to
investigate if symptoms of HD could predict the
presence of apathy on the Global LARS score. In
the first model, it was examined if motor
function, cognitive status, or neuropsychiatric
illness could explain the presence of apathy. The
motor function and depression scores were
while the
cognitive status did not contribute significantly
(see table 6 — Model 1). This model explained

21% of the total variance. The second model

significant predictors of apathy,

investigated if executive and social cognitive
functions had significant impact on the degree of
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apathy. The motor function and the depressive
symptoms once again were significant predictors
of apathy, while the cognitive variables did not
contribute significantly to the prediction of
apathy (see table 6 — Model 2). The model
explained 21% of the total variance and was
essentially the same model as model 1.

SOCIAL COGNITIVE DYSFUNCTION AND
FUNCTIONAL DECLINE (STUDY II)

The predictive properties of the domains of social
cognition or executive functions for the decline in
functional capacity across a follow-up period of 6
years was examined in this study. The study was
a follow-up study assessing participants at Time
1 (year 2012-2013) and at Time 2 (year 2017-
2021). At Time 1, the
participants performed significantly worse than

motor-manifest

the premanifest participants and the controls on
all the social cognitive and executive tasks. The
same was found at Time 2. About one third of
all HD gene expansion carriers were impaired on
the tasks  (for
classification please see the Methods section).

each of social cognitive
The performances of half of the HD gene

expansion carriers (51%) were classified as

impaired on social cognition. For the domain
erecutive functions more than half of the HD
were classified as

gene expansion carriers

impaired on the domain (55%).

Despite a substantial overlap between the HD
gene expansion carriers who were classified as
impaired on social cognition and executive
functions, a significant difference was found
between the participants who were impaired on
social cognition and the participants who were
impaired on erecutive functions (Chi? = 29.85,

p < .001).

Significant correlations were found between most
social cognitive and executive tests both at Time
1 and at Time 2 (see table 7). Interestingly, the
functional capacity (Unified Huntington’s
Disease Rating Scale, Total Functional Capacity,
UHDRS-TFC
correlated with the social cognitive tests at Time
1 and only the Symbol Digit Modalities test
(SDMT) and the Trail Making test B (TMT B)

scores were significantly correlated with the

score) was not significantly

functional capacity score at Time 1. At Time 2,
the functional capacity score was significantly
the EH and all
performances on the executive tests.

correlated  with score

Table 6. Model parameter estimates from the two regression models with the Global LARS score
as outcome variable for all HD gene expansion carriers.

Predictor variables Std. Err. p-level CI

Model 1" Constant -24.56 7.55 .002 -39.60; -9.52
UHDRS-TMS 0.12 0.05 .022 0.02; 0.22
MoCA -0.06 0.27 .819 -0.59; 0.47
HAM-17 0.43 0.19 .023 0.06; 0.81

Model 2 Constant -26.32 0.94 <.001 -28.19;  -24.45
UHDRS-TMS 0.14 0.05 .003 0.05; 0.23
HAM-17 0.41 0.19 .034 0.03; 0.79

Note. " R? = .21, p <.001. ™ R% = .21, p <.001.

HAM-17: Hamilton Depression Scale. HD: Huntington’s disease. MoCA: Montreal Cognitive
Assessment. TMS: Total Motor Score. UHDRS: Unified Huntington’s Disease Rating Scale.
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Table 7. Correlation matrix on the social cognitive and executive tasks and the UHDRS-TFC for the motor-manifest HD gene expansion carriers.

1. 2.1 3.1 4. 5. 6. 7.2 8. 9.3 10.3
1. UHDRS-TFC .25 46" .18 617 -.53" -.39" 56" 46" 53"
2. RMET score .06 797 63" 58" -57 -.69" AT T 46"
3. EH score .06 AT 54" .60" -.58" -.52" AT 58" 45"
4. TASIT SI-M score .01 49™ 43" 52" -.59" -.49" 56" 46" .28
5. SDMT score 37 38" 56" 46" -877" 80" .83 747 65"
6. TMT B score -.33" -57 -h6T 41T -7 767 -75T 667 -54”
7. Stroop Interference score -.17 -.407 -.38" 7 S A 64" -.83" -.88™ -.55"
8. Lexical Fluency (FAS) score .19 AT" 40" 31" AT 53" -.59™ .85 59"
9. Alternating Fluency (K-B) score .25 38" 24 .07 427 - AT -.55" 697 69"
10. Alternating Fluency (Food-D) score .20 .22 30" .25 37 -.317 -.55" 56" 56"

Note. Correlations below the dotted line is from Time 1 (N = 48) and correlations above the dotted line is from Time 2 (N = 32). * Statistically
significant at the level of p < .05. ™ Statistically significant at the level of p < .001.

1 Data missing from 5 motor-manifest HD gene expansion carriers at Time 2. 2 Data missing from one motor-manifest HD gene expansion carrier at
Time 2. 3 Data missing from three motor-manifest HD gene expansion carriers at Time 2.

EH: Emotional Hexagon. RMET: Reading the Minds in the Eyes test. SDMT: Symbol Digit Modality test. SI-M: Social Inference Minimal.
TASIT: The Awareness of Social Inference test. TMT B: Trail Making test B. UHDRS-TFC: Unified Huntington Disease Rating Scale — Total
Functional Capacity. The table is adapted from manuscript 111, Hendel, Hellem, Larsen, et al. (2022).



Table 8. Model parameter estimates from the multiple stepwise regression models with the ATFC as outcome

variable for all HD gene expansion carriers.

Variables in the model b Std. Error R? Change  p-level
Model 1* Constant 0.219 0.269 A17
UHDRS-TMS 0.075 0.025 275 .004
Impairment of social cognition 1.075 0.483 .044 .029
Model 2** Constant 3.864 1.428 .008
UHDRS-TMS 0.073 0.025 275 .004
Emotion Hexagon -0.181 0.074 .053 .016

Note. " R? = .319. ™ R2? = .328.

TFC: Total Functional Capacity. HD: Huntington’s disease. TMS: Total Motor Score. UHDRS: Unified

Huntington’s Disease Rating Scale. The table is adapted from manuscript III, Hendel, Hellem, Larsen, et al.

(2022).

Predicting the decline in functional capacity

The difference in functional capacity between
Time 1 and Time 2 was calculated with the
ATFC score. For the premanifest HD gene
the ATFC
corresponded to a decrease in functional capacity
of 0.1 point on the UHDRS-TFC scale across the
6 years of follow up (¥ = 0.1, SD = 0.5). The
functional capacity of the motor-manifest HD

expansion  carriers, score

gene expansion carriers decreased on average by
2.3 point on the UHDRS-TFC scale across the 6
years of follow-up (ATFC: x = 2.3, SD = 2.2).

The predictive properties of the two cognitive
domains for the decline in functional capacity
were examined in a regression model. The ATFC
score was predicted by the motor function at
Time 1 and impairments on social cognition with
statistically significant probability (see table 8 —
Model 1). The model explained 32% of the total
variance. When the HD gene expansion carriers
their
functional capacity was decreased by 1.07 points

were impaired on social cognition,

more at Time 2 than the HD gene expansion

carriers not impaired on soctal cognition,

The
predictive abilities of the social cognitive tasks

assuming an equal motor function.

for the decline in functional capacity across the
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follow-up period were investigated in a second
model. The motor function score at Time 1 and
the EH score at Time 1 could significantly
predict the decline in functional capacity (see
table 8 — Model 2). The model explained 33% of
the total variance and demonstrated that for
each lost point on the EH task at Time 1, the
UHDRS-TFC had an increased decline by 0.18
points at Time 2 (as calculated by a larger ATFC
score). The two regression models show that the
impairments on soctal cognition have a
significant impact on functional capacity, and
that the predictive abilities of the social cognitive
domain were driven by the emotion recognition

on the EH task.

CHANGES IN THE SELF-PERCEPTION OF
AUTONOMY (STUDY III)

Study III was an investigation of autonomy and
specifically if HD can affect the self-perception of
autonomy in HD gene expansion carriers. The
motor-manifest HD gene expansion carriers had
a significantly lower degree of autonomy on the
(ACS-30)
Capacity subscale when compared to the controls
(see table 9). On the Total Index of Autonomous
Functioning (IAF) scale, the autonomy of the

Autonomy-Connectedness Scale



motor-manifest HD gene expansion carriers was
significantly lower than the premanifest HD gene
expansion carriers.

Associations between autonomy and the cardinal
features of HD

The motor-manifest HD gene expansion carriers
were classified as having a low degree of
autonomy if their scores were < 10" percentile
cut-off score of the controls. Table 10 shows the
number and percentage of the motor-manifest
HD gene expansion carriers with a low degree of
autonomy when applying the 10 percentile cut-
off compared to the stricter 5™ percentile cut-off
score. On the ACS-30 Sensitivity subscale, 25%
of the motor-manifest HD gene expansion
carriers had a low degree of autonomy. The
motor-manifest HD gene expansion carriers with
a low degree of autonomy corresponded to 33%
on the ACS-30 Capacity subscale and 38% on the
ACS-30 Self-Awareness subscale. On the Total
IAF, only 8% were classified with a low degree of

autonomy.

No significant associations were found between
the autonomy subscales and motor function,
cognitive status, neuropsychiatric symptoms,
and apathy in the HD gene expansion carriers
with a low degree of autonomy. For the entire
group of motor-manifest participants a
significant correlation was found between the
ACS-30 Capacity subscale and the Global LARS
-.65, p = .001). For the other

autonomy subscales, no significant correlations

score (r =

were found between autonomy and motor
function, cognitive status, or neuropsychiatric
illness for the entire group of motor-manifest HD

gene expansion carriers.

The Total TAF was significantly associated with
the ACS-30 Self-Awareness subscale (rs = .48, p
= .019) for the entire group of motor-manifest
HD gene expansion carriers. The Total IAF was

not associated with any other subscale of the
ACS-30 indicating that the Total IAF and the
ACS-30 to some degree measures different

aspects of autonomy.

Table 9. Scores on the ACS-30 and the IAF for all HD
gene expansion carriers and the controls.

HD Gene Expansion

Carriers
Pre- Motor-
manifest ~ Manifest  Controls

N 20 24 19
ACS-30

Sensitivity 549 (8.7) 56.8 (7.5)  57.1 (5.4)

Capacity 21.0 (5.6) 194 (5.7)° 232 (3.9)

Self-Awareness  27.0 (5.3)  25.1 (5.6)  26.8 (3.1)
IAF

Total Score 28.3 (3.5) 24.5 (6.5)1  26.5 (4.5)

Note. * Statistically significant difference from the
controls (p < .05). ¥ Statistically significant difference
from the premanifest HD gene expansion carriers (p
< .05).

ACS-30: HD:

Huntington’s disease. IAF: Index of Autonomous

Autonomy-Connectedness Scale.
Functioning. N: Number of participants. The table is
adapted from manuscript IV, Hendel, Hellem,

Hjermind, et al. (2022b).

Table 10. Frequency of the motor-manifest HD gene
expansion carriers classified as below the cut-off when
using the 10t and the 5™ percentile cut-off scores.

Cut-off
10th 5th
percentile percentile
ACS-30
Sensitivity 6 (25%) 1 (4%)
Capacity 8 (33%) 6 (25%)
Self-Awareness 9 (38%) 8 (33%)
IAF
Total 2 (8%) 2 (8%)
Note. Frequency is indicated as N (%).
ACS-30: Autonomy-Connectedness Scale. HD:

Huntington’s disease. TAF: Index of Autonomous
Functioning. N: Number of participants. The table is
adapted from manuscript IV, Hendel, Hellem,

Hjermind, et al. (2022b).
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Discussion

In this PhD thesis, changes in self-perception, cognition, and behaviour in Huntington’s disease (HD),

with a focus on apathy, social cognitive dysfunction, and autonomy have been investigated and

described. These changes are thought to be specifically challenging for the families that live with HD,

since previous studies have demonstrated that cognitive, behavioural, and apathetic symptoms are

frequent and specifically burdensome and distressing for families with HD (Craufurd et al., 2001;
Fritz et al., 2018; Paulsen et al., 2017; Ready et al., 2008; van Duijn et al., 2007). There is a
substantial body of evidence on the neuropsychological deficits of HD in the literature, but research

continues to enhance our understanding of the cognitive and behavioural changes that arise as a

consequence of the disease.

CHARACTERISATION OF APATHY IN HD
(STUDY I)

The results from Study I illustrated that the
degree of apathy is higher in motor-manifest HD
gene expansion carriers when compared to both
premanifest HD gene expansion carriers and
controls. An association with disease progression
has also been demonstrated in other studies
(Camacho et al., 2018; Thompson et al., 2012;
van Duijn et al., 2007). Although the Lille
Apathy Rating Scale (LARS) had only been used
in one other study of HD at the time when the
present study took place (De Paepe et al., 2019),
we applied the LARS for the assessment of
apathy in HD with the advantage that LARS is
measure of apathy that
different subtypes of apathy.
Likewise, the characterisation of apathy as a
syndrome with  different
subtypes in HD was only applied in the De Paepe
et al. (2019) study when the present study was
conducted. Since then, a few other studies have
sought to examine subtypes of apathy in HD
(Atkins et al., 2021, 2022). Study I demonstrated
that motor-manifest HD gene expansion carriers

a  specific can

characterise

multidimensional

had a higher degree of apathy on the subtypes
Intellectual Curiosity and Action Initiation,
compared with family controls. These subtypes
include symptoms of diminished initiation,
interest, motivation, social life, and everyday
productivity (Sockeel et al., 2006). Longitudinal
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studies should seek to examine if these symptoms
of apathy are a specific characteristic of apathy
in HD or if other subtypes of apathy are affected
at a more severe stage of HD.

The study illustrated that apathy could be
predicted by the motor function and the degree
of depressive symptoms. Since only 21% of the
total variance was explained by the model, other
factors besides motor function and depression
must also contribute to the prediction of apathy.
When apathy was characterised with the LARS,
cognitive functions did not have a significant
impact on the degree of apathy. Cognitive
functions might have had predictive properties if
another measure of apathy had been applied, as
cognitive impairments are associated with
apathy both in HD (Andrews et al., 2020; Baudic
et al., 2006; Reedeker et al., 2011; van Duijn et
al., 2010) and other neurodegenerative diseases
(Dujardin et al., 2009; Starkstein et al., 2006).
Variables serving as proxies for disease burden
might not help explain the degree of apathy, as
the cytosine-adenine-guanine (CAG) repeat
length or the CAG Age Product (CAP) score was
not significantly correlated with apathy in this
study. Other factors associated with apathy
including neuropathological changes should be
examined in individuals with HD, as in the study
by De Paepe et al. (2019).



The association between the scores of depression
and apathy have high theoretical relevance, as
these symptoms overlap to some degree in
neurodegenerative diseases (Lanctot et al., 2017).
The association between apathy and depression
may also be explained by overlapping items on
the instruments of assessment. When examining
the instruments used in this study (the LARS
and the Hamilton Depression Scale, HAM-17),
the items appear specific, however. Thus, the
association seem to demonstrate a genuine
overlap between the symptoms of apathy and
depression. Based on the present study, the
LARS appears to be a valid and functional
instrument for the characterisation of apathy in
HD gene expansion carriers. The correlation
between the Global LARS and short Problem
Behavior Assessment for Huntington’s Disease
(PBA-s) Apathy subscale was only medium-sized
suggesting that the PBA-s is not a sufficient
measure for the assessment of apathy in HD.
Other instruments (as the LARS) based on the
that
syndrome must be applied for the assessment of
apathy in HD.

theoretical assumption apathy is a

SOCIAL COGNITIVE DYSFUNCTION AND
FUNCTIONAL DECLINE (STUDY II)

Study II showed that the HD gene expansion
carriers who were impaired on the domain social
cognition were different from HD gene expansion
carriers impaired on
functions. This result contributes to the current
discussion on the executive elements involved in
social cognition in individuals with HD
(Aboulafia-Brakha et al., 2011; Allain et al.,
2011; Briine et al., 2011; Eddy et al., 2014; Eddy
& Rickards, 2015a). In this study, the social
cognitive domain encompasses specific abilities

who were executive

not explained by the executive deficits of
individuals with HD. The criteria applied for the
clagsification of impairments on the cognitive
domains might have affected the results. The

difference between the participants who were
impaired on social cognition and
functions might not have been statistically
significant, if impairments on social cognition

executive

were based on similar criteria as executive
functions. The result that impairments on social
cognition and the motor function score can
predict the decline in functional capacity across
a 6-year follow-up period could also have been
affected by these criteria. It is well established
that executive dysfunction is early and prevalent
in HD (Cavallo et al, 2022; Craufurd &
Snowden, 2014; Paulsen et al., 2017; Snowden,
2017).The importance of erecutive functions for
functional capacity seems apparent but the
importance of these deficits for the prediction of
functional decline remains unknown. Results
from the present study suggest that social
cognitive impairments are a marker of functional
decline which is more specific than executive
dysfunction. As no other study has sought to
examine social cognition and ezxecutive functions
on a domain level in HD, this should be validated
in other studies.

The predictive properties of the social cognitive
domain for the HD gene expansion carriers
impaired on soctal cognition corresponded to
the  Unified
Huntington’s Disease Rating Scale, Total
Functional Capacity (UHDRS-TFC) scale after
HD gene

impaired on

losing one point more on

6 years when compared to the

expansion carriers not social
cognition (assuming an equal motor score).
Considering the UHDRS-TFC scale of 0-13
points, losing one point corresponds to some
effect on the individual’s functional capacity.
When the specific social cognitive tasks were
included as predictive variables, emotion
recognition on the Emotion Hexagon (EH) task
showed important predictive ability. An example
can illustrate this: When comparing an HD gene
expansion carrier with a score at the 10
percentile of the controls on the EH task (e.g., 15

points, corresponding to being impaired on the
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EH task for a 50-59-year-old) with an HD gene
expansion carrier who had full score on the test
(36 points), when both have a Total Motor Score
(UHDRS-TMS) of 10, the difference in their
ATFC score is 3.8 points. This corresponds to a
decline in the UHDRS-TFC scale that is almost
4 points larger for the HD gene expansion carrier
impaired on the EH task, compared with the HD
gene expansion carrier with full score on the task
across the 6 years of follow-up. This considerable
difference could correspond to a difference
between Stage I and Stage II on the Shoulson and
Fahn Staging System and a difference between a
normal function of daily living and a decreased
functional capacity, with a lower level of
occupation and a need for assistance in the
handling of finances (Ghosh & Tabrizi, 2018).
This example helps illustrate the predictive
abilities of the EH task for the decline in
UHDRS-TFC across the 6 years of follow-up. It
should be noted, however, that Model 2 only
explained 33% of the total variance, leaving two-
thirds of the variance unexplained. Thus, other
factor beside the emotion recognition and motor
function of the HD gene expansion carriers will
have an impact on the UHDRS-TFC over time.
Although other cognitive tasks were not entered
the model,
dysfunction and other cognitive impairments

one could argue that executive

may also be important for the functional capacity
of HD gene expansion carriers. As symptoms of
apathy have been linked to a decline in UHDRS-
TFC, apathy could also help explain the decline
over time (Ross et al., 2014; Tabrizi et al., 2013).
Unfortunately, symptoms of apathy were not
included in this study.

CHANGES IN THE SELF-PERCEPTION OF
AUTONOMY (STUDY III)

Study III showed that motor-manifest HD gene
expansion carriers have a lower degree of some
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types of autonomy. Whether this result is an
effect of the neurobiological changes implicated
in HD or the psychological changes the follows
the disease was not examined directly in this
study. While changes in autonomy has not
previously been examined in HD or in other
neurodegenerative disease, it has been suggested
that perceived autonomy is decreased in healthy
elderly (Sanchez-Garcia et al., 2019). Leading to
a hypothesis that HD might accelerate this
decreased perception of autonomy. Changes in
self-perception of identity have been found in
individuals with dementia (Addis & Tippett,
2004; Caddell & Clare, 2010), suggesting that
neurodegenerative processes can affect the self-
perception of persons with the disease. The study
of changes in self-perception and diminished
autonomy is important, since the evidence can
imply information on the individual’s ability to
cope with the disease, to make important life
decisions, and to interact with others — all
capabilities that can be thought to affect the
individual’s quality of life (Caddell & Clare,
2010, 2013).

The present study further demonstrated that
autonomy can be linked to apathy. More
specifically, a self-regulation in new
situations associated with diminished
This
theoretically relevant for the understanding of
apathy in HD. Since no other subscale of
autonomy were linked to apathy, more classical

low
was
result is

initiation and motivation.

autonomous behaviours might not be associated
with apathy.

A primary limitation of Study IIl was the low
number of participants included. As the study
was an exploratory study, we did not include a
power analysis. The aim was to explore the
possible effects of the neurodegeneration of HD
on the perception of autonomy and not to
demonstrate a final measure of effect. However,
it cannot be ruled out that the low number of
participants might have resulted in a lack of
difference between the groups on the autonomy
scales.



In healthy subjects, a low degree of autonomy
has been associated with an increased risk of
psychopathology, specifically depression and
anxiety (Bekker & Belt, 2006; Bieling & Alden,
2001; Marfoli et al., 2021; Rutten et al., 2016).
Since depression and anxiety is prevalent in HD,
a low degree of autonomy could help identify
individuals with a high risk for developing
psychopathology (Paoli et al., 2017). The present
study
association between autonomy and depression or
anxiety, but this could result from the small
sample.

could not demonstrate a statistical

Finally, unlike the previous studies I and II
focusing on objective measures, changes in
autonomy with a focus on the HD gene expansion
carrier’s own perception were examined in Study
III. This is a specifically difficult objective since
it focuses on a phenomenological experience.
However, to truly examine how the changes in
HD
identified both from the perspectives of the

affects the person, changes should be

others (family members and caregivers) and the
perspective of the HD gene expansion carriers
themself. Because of the potential bias that this
objective includes, it must once again be
emphasised that this study was an exploratory
study and that more research on this subject is
needed.

IMPAIRED AWARENESS OF DEFICITS (STUDY
I-111)

Impaired awareness of deficits in persons with
HD is an important discussion point for all three
studies in this project. Although studies on
impaired awareness is scarce in HD, some studies
have found that unawareness of symptoms are
frequent in HD and is linked to disease severity,
cognitive impairments, emotional symptoms, and
functional disabilities (Duff et al., 2010; Hoth et
al., 2007; McCusker et al., 2013; McCusker &

Loy, 2014; Sitek et al., 2014; Wibawa et al.,
2020). Moreover, impaired awareness can lead to
increased risk of caregiver distress (McCusker &
Loy, 2014; Wibawa et al., 2020).

Study I was based on self-reports (on the LARS),
and self-report measures were also used for the
investigation of changes in self-perception of
autonomy in Study III. As impaired awareness of
deficits has been found to exist in about 50% of
HD gene expansion carriers, using self-report
measures can lead to bias (McCusker et al.,
2013). Consequently, the HD gene expansion
carriers with impaired awareness might have
under-reported on their apathetic symptoms in
Study I. In study III, impaired awareness could
have affected the number of extreme answers on
the self-report measures of autonomy. Although
this is a limitation of the present project, some
demonstrated that HD gene
expansion carriers in the early stages of disease

studies have
do have insight into their apathetic symptoms
(Atkins et al., 2021; Baake et al., 2018; Mason &
Barker, 2015).

Study IT were not directly affected by impaired
awareness, as the social cognitive functions were
assessed using quantitative measures. However,
the emotion recognition abilities of the cohort at
Time 1 were associated with lower psychological
distress (Larsen, Vinther-Jensen, Nielsen, et al.,
2016). A possible lack of insight into their
psychological symptoms combined with affective
flattening, that could impair the recognition of
emotions. This coincides with studies showing
that impaired awareness is associated with lower
levels of depression, suggesting that unawareness
serves as a psychological coping mechanism for
neuropsychiatric symptoms and loss of function
in HD (Andrews et al., 2018; Hoth et al., 2007;
Sitek et al., 2014).
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Conclusions and Future Perspectives

This PhD project demonstrates that changes in the self-perception, cognition, and behaviour can
arise in Huntington’s disease (HD). Both from specific deficits perceived by others (Study I-II) and
changes perceived by the HD gene expansion carriers themself (Study III). The results showed that
apathetic symptoms, social cognitive dysfunction, and a low degree of autonomy were more prevalent
in the motor-manifest stage of disease compared to the premanifest stage of disease and were not a
result of growing up in a family with HD, as family controls were not affected. Hopefully, a more
comprehensive description of these deficits will contribute to a better understanding of the cognitive
and behavioural symptoms that arise in HD. This could benefit by providing better psychoeducation
to family members and caregivers, and in turn reduce the distress that these deficits might lead to.

Study I

Apathy is frequent in HD and follows the disease progression. Apathy in HD is characterised
by symptoms of diminished initiation, interest, motivation, social life, and everyday
productivity, and are independent from cognitive impairments.

Study II

Impaired social cognition and motor function can predict functional decline. Social cognition
involves separate and specific functions, not explained by executive functions in HD.

Study III

The self-perception of autonomy can decrease in motor-manifest HD gene expansion carriers.
The ability to manage new situations can be linked to apathy.

FUTURE PERSPECTIVES linked to neuropsychiatric symptoms of HD in a

large cohort of HD gene expansion carriers.

Based on the results from this project, future : ) i i i
Finally, studies on impaired awareness in HD

studies should seek to investigate the subtypes of

apathy affected in HD in a longitudinal study. should seek to validate a reliable measure of

Such study could contribute with evidence on impaired awareness and examine the degree to

subtypes affected in HD in more severe stages of which unawareness can affect assessments of

disease and thereby demonstrate if the subtypes behavioural and cognitive impairments in HD.

identified in this project are specific for HD. Future neuropsychological and neurological

Replication studies should seek to examine if
social cognition and executive functions as
domains affected in HD can be differentiated,

and if the self-perception of autonomy can be

30

examinations on the large single-site cohort of
HD gene expansion carriers which was examined
in this project will be conducted by the HD
research group at the Neurogenetics Clinic and



the Danish Dementia Research Centre at
Rigshospitalet - Blegdamsvej. This cohort is
unique due to the thorough and comprehensive
characterisation of the participants, including
both premanifest and motor-manifest HD gene
expansion carriers as well as gene-negative

family-based controls. Follow-up examinations
will contribute to the characterisation of this
cohort, and contribute to the evidence on disease
progression, cognitive and behavioural deficits,
and endophenotypical drifts in HD.
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ORIGINAL STUDY

Intellectual Curiosity and Action Initiation are
Subtypes of Apathy Affected in Huntington
Disease Gene Expansion Carriers

Rebecca K. Hendel MS*7 Marie N.N. Hellem, MD,* Lena E. Hjermind MD, PhD,*
Jorgen E. Nielsen, MD, PhD,* and Asmus Vogel PhD*f

Background: Apathy is a prevalent behavioral syndrome of
Huntington disease (HD) that can result in severe loss of function
for the individual with HD and substantial caregiver distress.
Research-based evidence of apathy is characterized by method-
ological differences, and there is a deficiency in the evidence
concerning the subtypes of apathy.

Objective: To characterize apathy in premanifest and motor-
manifest HD gene expansion carriers and controls using the
Short Problem Behaviors Assessment for Huntington’s Disease
(PBA-s) and the Lille Apathy Rating Scale (LARS).

Method: We included 82 HD gene expansion carriers (pre-
manifest and motor manifest) and 32 controls (Mini-Mental
State Examination score >24 and Montreal Cognitive Assess-
ment score >19) in the study. We quantified apathy using the
PBA-s and the LARS and performed correlation analyses
between the global LARS score and motor function, cytosine-
adenine-guanine repeat length, cytosine-adenine-guanine Age
Product score, and neuropsychiatric and cognitive symptoms.

Results: The motor-manifest HD gene expansion carriers scored
significantly higher than the controls on the global score and the
Intellectual Curiosity and Action Initiation subscales of the
LARS. Apathy was present in 28% of the HD gene expansion
carriers (including 7 premanifest). The apathetic participants had
a significantly higher motor score, significantly higher scores on
the neuropsychiatric instruments, and significantly lower cogni-
tive scores compared with the controls.

Conclusion: Apathy is a frequent syndrome that is found in in-
dividuals with HD. Apathy has a specific expression, with
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symptoms such as reduced initiation, voluntary actions, and in-
terests, that might be related to the underlying neuropathology.
Apathy is related to disease progression, neuropsychiatric
symptoms, and cognitive impairments.

Key Words: Huntington disease, apathy, apathy subtypes,
behavioral symptoms

(Cogn Behav Neurol 2021;34:295-302)

CAG = cytosine-adenine-guanine. CAP = cytosine-adenine-
guanine Age Product. HAM-17 = Hamilton Depression Scale—
17. HC = healthy controls. HD = Huntington disease. LARS
= Lille Apathy Rating Scale. MMSE = Mini-Mental State
Examination. MoCA = Montreal Cognitive Assessment. PBA—s
= The Short Problem Behaviors Assessment for Huntington’s
Disease. PD = Parkinson disease. SCL-90-R = Symptom
Checklist 90—Revised. TMS = Total Motor score. UHDRS =
Unified Huntington’s Disease Rating Scale.

H untington disease (HD) is an autosomal-dominant
inherited neurodegenerative disease that is caused by
an expansion of the cytosine-adenine-guanine (CAG) re-
peat in the huntingtin gene on chromosome 4 (The Hun-
tington’s Disease Collaborative Research Group, 1993;
Walker, 2007). Clinical manifestations of HD include mo-
tor disturbances, neuropsychiatric symptoms, and cognitive
deterioration (McColgan and Tabrizi, 2018). Behavioral
symptoms that cause substantial distress in the daily life of
both individuals with HD and their caregivers include ir-
ritability, psychosis, affective symptoms, perseveration, and
apathy (Craufurd et al, 2001; Eddy et al, 2016).

Apathy involves a lack of initiative, a loss of volun-
tary and goal-directed behavior, and emotional flattening
(Andrews et al, 2020; Camacho et al, 2018). It is one of the
most frequent and distressing symptoms found in in-
dividuals with HD, with a worldwide prevalence ranging
from 34% to 76% (van Duijn et al, 2007). Apathy in in-
dividuals with HD is associated with older age; male sex;
higher Total Motor score (TMS) and lower Total Func-
tional Capacity score on the Unified Huntington’s Discase
Rating Scale (UHDRS; Huntington Study Group, 1996);
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and poorer executive functions, attention, psychomotor
speed, and global cognition (Andrews et al, 2020; Baudic
et al, 2006; van Duijn et al, 2010).

Researchers have proposed that the presence of
apathy in individuals with HD is a marker of disease
progression (Camacho et al, 2018; Thompson et al, 2012)
and a predictor of cognitive impairments (Andrews et al,
2020; Baudic et al, 2006). Similarly, apathy has been
closely linked to disease progression and cognitive im-
pairments in individuals with other neurodegenerative
diseases such as Alzheimer disease and Parkinson disease
(PD) (Dujardin et al, 2009; Starkstein et al, 2006). How-
ever, apathy should not be considered a single symptom,
but rather a syndrome that encompasses several subtypes.

Levy and Dubois (2006) explained the presence of
apathy by neuropathological changes in the circuitry of
the prefrontal cortex and subregions within the basal
ganglia. They proposed that the disruption of three dif-
ferent processing mechanisms (auto-activation, cognitive,
and emotional-affective processing) could lead to differ-
entiated symptoms of apathy, each of which presents with
a unique neuropathological signature. This division of
apathy symptoms into three domains has been supported
by other theoretical models (Robert et al, 2009; Starkstein
and Leentjens, 2008).

De Paepe et al (2019) examined the white matter
tracts involved in these processing mechanisms in in-
dividuals with HD and found that HD gene expansion
carriers with increased mean diffusivity in the right fron-
tostriatal tract and the left dorsolateral prefrontal cortex
to caudate nucleus tract had a higher degree of cognitive
apathy, whereas HD gene expansion carriers with in-
creased mean diffusivity in the right uncinate fasciculus
had a higher degree of impairments in auto-activation
processing. Thus, the presence of apathy subtypes is sub-
stantiated by the neuropathological changes involved, but
to date, subtypes of apathy in individuals with HD is still a
topic that has received little attention.

The body of evidence concerning apathy in in-
dividuals with HD is affected by variability in its charac-
terization in addition to differences in the methodology and
instruments used for examination. These inconsistencies
pose a challenge to the generalizability of previous results.
A widely used and validated clinical instrument for exam-
ining apathy is the Short Problem Behaviors Assessment for
Huntington’s Disease (PBA-s; Callaghan et al, 2015;
Craufurd et al, 2001), but the PBA—s includes only one item
on apathy. Consequently, the scale differentiates poorly
between the severity of apathy or any subtypes of apathy.
In a review by Mestre et al (2016) on scales measuring
behavioral symptoms in individuals with HD, the PBA-s
was simply “suggested” for use as a screening instrument
when following the criteria recommended by the Interna-
tional Parkinson and Movement Disorder Society. More-
over, there was no recommendation for scales that are
directed solely at examining apathy.

The Lille Apathy Rating Scale (LARS; Sockeel et al,
2006) has been proposed as a functional and sound
instrument of apathy that might be useful in the
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examination of apathy in individuals with HD. The LARS
was originally developed to examine apathy in individuals
with PD within a broad range of disease stages (Sockeel
et al, 2006) and has been shown to be a reliable and valid
instrument for examining apathy in individuals with de-
mentia, even in the early stages of the disease (Fernandez-
Matarrubia et al, 2016).

We aimed to investigate if differences in apathy could
be found in premanifest and motor-manifest HD gene ex-
pansion carriers relative to healthy controls (HC). Our
objective was to characterize apathy in premanifest and
motor-manifest HD gene expansion carriers by examining
the frequency and subtypes of apathy in HD gene ex-
pansion carriers and by investigating the association be-
tween the global LARS score and the UHDRS TMS,
CAG-repeat length, CAG Age Product (CAP) score,
neuropsychiatric symptoms, and cognitive functions. We
further wished to examine which of the three symptom
groups—motor function, neuropsychiatric functions, and
cognitive functions—could explain the global LARS score.
Finally, we wished to determine the correlation between
apathy as examined with the PBA—s and with the LARS.

METHOD

Participants

This study was part of a larger prospective cohort
study on HD that took place at the neurogenetics clinic of
the Danish Dementia Research Centre in Rigshospitalet,
Denmark. We included HD gene expansion carriers who
had previously participated in a study at our clinic (Vinther-
Jensen et al, 2014) or who had responded to an advertise-
ment in the newsletter of the Danish Huntington’s Disease
Association. Recruitment took place from June 2017 to
June 2020. Individuals were included in the present study if
they had a CAG-repeat length of >39 repeats, a Mini-
Mental State Examination (MMSE; Folstein et al, 1975)
score of >24, and a Montreal Cognitive Assessment
(MoCA,; Nasreddine et al, 2005) score of >19. Exclusion
criteria included other neurologic illness, ongoing alcohol
or drug abuse, or a native language other than Danish.

We included a control group consisting of family
members who had previously been at risk for inheriting
HD but who had tested negative for the gene expansion
(with a CAG-repeat length of <30 repeats). We chose this
group over unrelated HC to better match for psychosocial
and environmental factors. All of the participants received
genetic counseling and information on their genetic status
before, and independently from, study enrollment.

The study protocol was approved by the ethics
committee of the Capital Region of Denmark and was
performed according to the ethical guidelines of the Dec-
laration of Helsinki and its later amendments. All in-
dividuals provided informed written consent before
enrolling in the study.

Assessments
All of the individuals who took part in the larger HD
study had a minimum of two planned visits, during which

Copyright © 2021 Wolters Kluwer Health, Inc. All rights reserved.

Copyright © 2021 Wolters Kluwer Health, Inc. All rights reserved.



Cogn Behav Neurol » Volume 34, Number 4, December 2021

Characterization of Apathy in Huntington Disease

they completed a neurologic, neuropsychiatric, and neu-
ropsychological examination. The order of the visits to
which individuals were enrolled in the study was random:
Some individuals started with the neurologic examination;
others started with the neuropsychological examination.
The initial screening tests (ie, MMSE and MoCA) were
performed at the first visit in order to make sure the in-
dividuals were eligible for the study. All of the examina-
tions were performed by the same physician (M.N.N.H.)
and neuropsychologist (R.K.H.). In this study, we report
on the results that are relevant for the assessment of
apathy in individuals with HD.

Neurologic and Neuropsychiatric Examination

We assessed the motor performance of each of the
participants using the UHDRS TMS. The standardized
rating of motor symptoms on the UHDRS TMS yields a
total score between 0 and 124, where a higher score in-
dicates more pronounced motor impairments. We assessed
the neuropsychiatric symptoms of each of the participants
using the Symptom Checklist 90—Revised (SCL-90-R;
Derogatis, 2009) and the Hamilton Depression Scale—17
(HAM-17; Hamilton, 1960).

The SCL-90-R is designed to reflect the current
status of one’s psychological distress (Derogatis, 2009). It
is a self-report inventory with 90 items, each item repre-
senting a psychological symptom, and is rated on a 5-point
Likert scale ranging from not at all to extremely distress-
ing. The SCL-90-R describes nine primary symptom di-
mensions and three global indices of distress. We used the
Global Severity Index to assess each individual’s neuro-
psychiatric distress. Raw scores were converted to T
scores, normalized to a Danish sample of nonpsychiatric
participants sorted by gender (Olsen et al, 2004). The
HAM-17 is a semistructured interview, covering 17
symptom areas of depression. All of the instruments were
filled out at the clinic by the study participants with the
help of M.N.N.H.

Short Problem Behaviors Assessment for Hunting-
ton’s Disease. We assessed the behavioral symptoms of
each of the participants using the PBA—s. The PBA-s is a
semistructured interview that contains 11 items that assess
different behavioral problems related to HD. Each item
describes a behavioral symptom, which is rated on a
S-point Likert scale ranging from 0 (absent) to 4 (present
all the timelcausing severe problems) for both the severity
and the frequency of the behavior. The ratings are based
on all relevant information—from the patient, an in-
formant (eg, caregiver or family member), and the clini-
cian’s own observations (Callaghan et al, 2015).

The PBA-s contains one item on apathy, in-
corporating four clinical aspects from the original Prob-
lem Behaviors Assessment for HD (Craufurd et al, 2001).
For each behavioral symptom, an overall symptom score
is calculated by multiplying the severity rating by the
frequency rating. Hence, the Apathy subscale score, which
we used in the present study, is a product score for apathy
that is based on the multiplication of the scores.

Copyright © 2021 Wolters Kluwer Health, Inc. All rights reserved.

No clear cutoff has been suggested for classifying in-
dividuals with apathy using the PBA-s. In some studies, a
cutoff of >2 on the severity score of the apathy item is used to
indicate the presence of apathy (Andrews et al, 2020;
Thompson et al, 2012). In the present study, we used the
product score, or the Apathy subscale score, of >2 as the cutoff.

Neuropsychological Assessment

As part of an extensive neuropsychological assess-
ment, we examined the participants with the LARS, sep-
arate from and without knowledge of the individuals’
PBA-s scores. The neuropsychological examination was
part of the larger study on HD in our clinic, and the results
will be reported elsewhere.

Lille Apathy Rating Scale. The LARS is a
standardized structured interview that contains 33 items
divided into nine domains. The first 3 items are coded on a
S-point Likert scale (-2; 2). Items 4-33 are positively
worded questions that are coded on a binary yes/no scale
(-1; 1), with an additional NA (0, not answerable) for
nonapplicable items. Based on the participants’ answers,
we computed a global score of —36 to 36, representing an
individual’s degree of apathy, with a higher score in-
dicating more apathetic behavior. We also computed four
subtypes of apathy (Intellectual Curiosity, Emotion, Ac-
tion Initiation, and Self Awareness), each with an average
score of —4 to 4. The score of each subtype represented the
average score of the domains within that subtype. Please
see Sockeel et al (2006) for more information.

Based on the HC data, we calculated regression-
based reference data for the global LARS score, correcting
for age, sex, and Educational Index score. As specified by
the regression model, we calculated percentile estimates
for the expected scores as the inverse of the normal cu-
mulative distribution function. Each of the individual’s
observed score was compared with the estimated score
from the relevant group. An individual was classified as
apathetic if his or her score was <10th-percentile estimate.
This method has previously been used on other types of
data (Vogel et al, 2018, 2020).

Statistical Analysis

We performed all statistical analyses using SPSS
version 25. Group comparisons were analyzed with a one-
way ANOVA or with the Kruskal-Wallis test based on
variance heterogeneity with a 5% alpha level (two-tailed
significance) and followed by the Dunnett post hoc test
when applicable. We used the Mann-Whitney U test
for group comparisons with skewed distributions. The
Bonferroni-Holm correction was applied when multiple
comparisons were performed to adjust the level of sig-
nificance. We calculated effect sizes using the formula

denoted by Field (2018): r = % A CAP score was

calculated as CAP = Age (CAG — 35.5) for each HD gene
expansion carrier (Penney et al, 1997).

We used correlation analyses to analyze the associ-
ations with demographic data, and we performed Pearson
r or Spearman p (for skewed distributions) to examine the
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level of significance. Finally, we constructed a linear re-
gression model with the global LARS score as the out-
come variable in order to investigate which symptom
groups could best explain the presence of apathy. We
entered one variable from each of the three symptom
groups—motor function, neuropsychiatric functions, and
cognitive functions—into the model, based on the corre-
lation coefficients with the highest effect.

RESULTS

Participants

One-hundred fourteen HD gene expansion carriers
and 32 HC volunteered to participate in the study. We
excluded 32 of the HD gene expansion carriers because
their performance on the initial screening tests was outside
the inclusion criteria or they did not take part in both
visits. This left us with a final number of 82 HD gene
expansion carriers. We assigned a classification of pre-
manifest HD gene expansion carrier if their UHDRS
TMS was <5 (n = 40), with no substantial motor signs,
and a classification of motor-manifest HD gene expansion
carrier if their UHDRS TMS was >5 (n = 42).

Assessments

Background information on the HD gene expansion
carriers and the HC is presented in Table 1, together with

TABLE 1. Background Information and Results From the
Cognitive Screening, Motor, and Neuropsychiatric Instruments
for the HD Gene Expansion Carriers and the HC

HD Gene Expansion Carriers

Premanifest Motor Manifest HC
N 40 42 32
Age (years) 41.3 (11.0) 52.5 (12.3)t 48.1 (14.1)
Sex (male/female) 24/16 22/20 13/19
Educational Index  14.5 (1.8) 12.9 (1.8)11 14.7 (1.9)
score
CAG-repeat 41.8 2.4)t 42.7 (2.5t 19.8 (4.0)
length
CAP score 248.7 (80.3)  361.1 (92.3)1 —
MMSE score 28.8 (1.1)f 27.4 (1.9)11 29.3 (1.1)
MoCA score 28.1 (2.0)t 254 2.9)t1 29.2 (1.2)
UHDRS TMS 1.5 (1.5) 24.1 (14.4)7% 1.3 (1.3)
HAM-17 score 2.5@3.1) 4.2 (3.6) 2.7 (3.0)
SCL-90-R GSI 42.0 (10.1) 51.1 (12.)FF  43.7 (11.2)

Values are presented as M + SD unless noted otherwise.

tStatistically significant difference from the HC (P < 0.05).

IStatistically significant difference from the individuals with
premanifest HD (P < 0.05).

CAG = cytosine-adenine-guanine. CAP = CAG Age Product.
GSI = Global Severity Index. HAM-17 = Hamilton De-
pression Scale-17. HC = healthy controls. HD = Hun-
tington disease. MMSE = Mini-Mental State Examination.
MoCA = Montreal Cognitive Assessment. SCL-90-R =
Symptom Checklist 90—Revised. TMS = Total Motor
score. UHDRS = Unified Huntington’s Disease Rating
Scale.

their performance on the cognitive screening, motor, and
neuropsychiatric instruments. The premanifest HD gene
expansion carriers had a significantly lower score on the
cognitive screening instruments compared with the HC,
although effect sizes revealed a small effect only (MMSE:
r =0.23, MoCA: r = 0.21). The motor-manifest HD gene
expansion carriers had a significantly lower score on the
cognitive screening instruments and a significantly higher
score on the UHDRS TMS and the SCL-90-R when
compared with both the premanifest HD gene expansion
carriers and the HC.

The PBA—s and the LARS

The results of the HD gene expansion carriers and the
HC on the PBA-s Apathy subscale and on the LARS are
presented in Table 2. The motor-manifest HD gene
expansion carriers had a significantly higher PBA-s Apa-
thy subscale score compared with the premanifest HD gene
expansion carriers and the HC. Effect sizes revealed
medium-sized effects (r = —0.37, r = 0.42, respectively).
Likewise, the motor-manifest HD gene expansion carriers
had a significantly higher global LARS score compared
with the premanifest HD gene expansion carriers and the
HC. Effect sizes revealed medium-sized effects (r = 0.31,
r = —0.42, respectively).

The Intellectual Curiosity and Action Initiation
subscale scores were significantly higher for the motor-
manifest HD gene expansion carriers compared with the
HC (P = 0.006, P<0.001, respectively). When comparing
the premanifest with the motor-manifest HD gene ex-
pansion carriers, there was a significant difference between
the two groups on Intellectual Curiosity (P = 0.048) and
Action Initiation (P < 0.001). However, after correcting

TABLE 2. Performance on the PBA-s Apathy Subscale and on
the LARS for the HD Gene Expansion Carriers and the HC

HD Gene Expansion

Carriers
Motor
Premanifest = Manifest HC
N 40 42 32
PBA-s Apathy subscale 0.1 (0.2) 1.2 2.0)tf 0.1 (0.3)
score
Global LARS score -25.2 (4.3) -21.2 (6.1)1f —26.3 (3.0)
Intellectual Curiosity —2.8 (0.7) —-2.4 (0.9t —2.9(0.5)
score
Emotions score -2.6 (1.0) -2.3(1.0) =2.6 (0.7)
Action Initiation -340.7) -24(1.Dff -3.5(0.6)
score
Self-Awareness score  —2.1 (1.8) —2.3 (1.6) -2.5(1.5)

Values are presented as M £ SD unless noted otherwise.

tStatistically significant difference from the HC (P < 0.05).

iStatistically significant difference from the individuals with
premanifest HD (P < 0.05).

HC = healthy controls. HD = Huntington disease. LARS =
Lille Apathy Rating Scale. PBA-s = Short Problem
Behaviors Assessment for Huntington’s Disease.
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for multiple comparisons, the difference on Intellectual
Curiosity could not be considered significant. Effect sizes
for the difference between the motor-manifest and pre-
manifest HD gene expansion carriers and the HC on In-
tellectual Curiosity were small to medium (r = 0.22, r =
—0.34, respectively) and on Action Initiation were medium
to large (r = 0.48, r = —0.51, respectively). The premanifest
HD gene expansion carriers did not differ significantly
from the HC on any of the apathy instruments.

Association With Symptom Groups

When we examined the total group of HD gene
expansion carriers, we found significant negative correla-
tions between the global LARS score and scores on the
cognitive screening instruments (MMSE: p = -0.23, P =
0.041, MoCA: r = -0.25, P = 0.024). Significant positive
correlations were found between the global LARS score
and the UHDRS TMS (p = 0.36, P = 0.001). Significant
positive correlations were also found between the global
LARS score and scores on the neuropsychiatric instru-
ments (SCL-90-R Global Severity Index: r = 0.30, P =
0.007, HAM-17: p = 0.40, P < 0.001). In contrast, no
significant correlations were found between the global
LARS score and age, CAG-repeat length, or CAP score.

A linear regression model was constructed, with one
variable entered from each symptom group (motor func-
tion, neuropsychiatric functions, and cognitive functions)
and the global LARS score as the outcome variable. From
the neuropsychiatric and cognitive symptom groups, we
selected the variables with the highest correlation co-
efficients (MoCA score and HAM-17 score, respectively).
The linear regression model showed that the UHDRS
TMS and the HAM-17 score were significant predictors of
the global LARS score, whereas the effect of the MoCA
score was small and insignificant (constant = -24.56
SEconstant = 7.55, CI =[-39.60; —9.52], P = 0.002, bynuprs
= 0.12, SEynuprs = 0.05, CI = [0.02; 0.22], P = 0.022,
bMoCA = 70.06, SEMOCA = 027, CI = [7059, 047], P =
0819, bHAM-17 = 043, SEHAM-17 = 019, CI . [006, 081],
P = 0.023). This model explained 21% of the total var-
iance of the global LARS score (R* = 0.21, P < 0.001).

Apathetic and Nonapathetic Participants

Group comparisons between the apathetic and non-
apathetic HD gene expansion carriers are presented in
Table 3. When we used regression-based cutoff scores on the
global LARS score, we found a frequency of 28% for the HD
gene expansion carriers. With this method, we classified seven
premanifest and 16 motor-manifest HD gene expansion
carriers as apathetic and the remainder as nonapathetic. The
apathetic HD gene expansion carriers had significantly higher
UHDRS TMSs than the nonapathetic HD gene expansion
carriers and scored significantly higher on the neuro-
psychiatric instruments (SCL-90-R Global Severity Index
and HAM-17). In contrast, we found no significant differ-
ences in CAG-repeat length or CAP score between the apa-
thetic and nonapathetic HD gene expansion carriers.

When compared with the HC, the apathetic HD
gene expansion carriers had significantly lower scores on
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TABLE 3. Performance Scores for the Apathetic and
Nonapathetic HD Gene Expansion Carriers, as Classified by the
LARS, and the HC

HD Gene Expansion Carriers

Apathetic Nonapathetic HC
N 23 59 32
UHDRS TMS 21.3 (18.3)7% 9.9 (129 1.3(1.3)
CAG-repeat 42.4 (2.5)F 422 (2.5 19.8 (4.0)

length

CAP score 314.7 (82.7) 303.0 (110.3) —
MMSE score 27.3 2.0)t 284 (1.5 29.3 (1.1)
MoCA score 25.6 (3.5)F 272 2.5F 29.2(1.2)
HAM-17 score 5.3 4.5t% 2.6 (2.5) 2.7 (3.0)
SCL-90-R GSI 52.4 (13.5)tf  44.5(10.6) 43.7 (11.2)

Values are presented as M + SD unless noted otherwise.

tStatistically significant difference from the HC (P < 0.05).

iStatistically significant difference from the nonapathetic HD
gene expansion carriers (P < 0.05).

CAG = cytosine-adenine-guanine. CAP = CAG Age Product.
GSI = Global Severity Index. HAM-17 = Hamilton De-
pression Scale—17. HC = healthy controls. HD = Hun-
tington disease. LARS = Lille Apathy Rating Scale.
MMSE = Mini-Mental State Examination. MoCA =
Montreal Cognitive Assessment. SCL-90-R = Symptom
Checklist 90—Revised. TMS = Total Motor score.
UHDRS = Unified Huntington’s Disease Rating Scale.

the cognitive screening instruments and significantly
higher scores on the neuropsychiatric instruments. The
nonapathetic HD gene expansion carriers also differed
significantly from the HC on most of the instruments ex-
cept for the SCL-90-R Global Severity Index score and
the HAM-17 score.

When applying a cutoff on the PBA—s Apathy sub-
scale score of >2, 12 HD gene expansion carriers had some
degree of apathy, corresponding to a frequency of 14.6%.
There was a significant small to medium correlation be-
tween the PBA—s Apathy subscale score and the global
LARS score (p =0.31, P = 0.005) in the total group of HD
gene expansion carriers.

DISCUSSION

In this study, we examined apathy in HD gene ex-
pansion carriers and HC using the PBA—s and the LARS.
The results showed that the global LARS score and the
Intellectual Curiosity and Action Initiation subscale scores
differed significantly between the groups, with motor-
manifest HD gene expansion carriers having significantly
higher scores than the HC. These results indicate a higher
degree of apathy among the motor-manifest HD gene
expansion carriers and are consistent with several previous
studies on apathy in individuals with HD, where symp-
toms increase over the course of the disease, presumably
following the progression of HD (Thompson et al, 2002,
2012; van Duijn et al, 2007).

When we compared the impairments examined by
the items of Intellectual Curiosity and Action Initiation to
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the impairments involved in the framework by Levy and
Dubois (2006), we found a correspondence to the im-
pairments of diminished auto-activation/goal-directed
behavior and cognitive apathy, with symptoms such as
reduced initiation, voluntary actions, and interests. This
finding is in accordance with the study by De Paepe and
colleagues (2019), where impairments of auto-activation
and cognitive apathy were found for individuals with
manifest HD compared with HC. This finding suggests
that the symptoms of apathy that are exhibited by in-
dividuals with HD have a specific expression that may be
related to the underlying neuropathology. This result un-
derlines the importance of examining the subtypes of
apathy in individuals with HD more comprehensively in
the clinic because this knowledge could be beneficial for
the development of future therapeutic approaches.

According to Levy and Dubois (2006), the neuro-
pathological changes involved in the impairments of auto-
activation and cognitive apathy include areas of the
frontal cortex, dorsolateral and medial prefrontal cortex,
caudate nucleus, internal part of the globus pallidus,
medial-dorsal thalamus, substantia nigra, and thalamic
nuclei. These areas are consistent with the changes in
white matter tracts that were found by De Paepe and
colleagues (2019) and overlap with the early neuro-
pathological changes in individuals with HD, where
atrophy in the striatal and cortical areas, and dysfunction
of the cortico-basal ganglia-thalamo-cortico circuits, is
found (Mehrabi et al, 2016).

The frequency of apathy among our HD gene ex-
pansion carriers was 28% when it was examined with the
LARS, which is somewhat lower than otherwise reported
in the literature (van Duijn et al, 2007). One likely ex-
planation for this discrepancy is that the present study
involved HD gene expansion carriers in the premanifest
stage of the disease, whereas the van Duijn et al (2007)
study did not. Because there seems to be a progressive
worsening of apathy over time (Thompson et al, 2012),
including the premanifest HD gene expansion carriers in
the present study might have affected the frequency rate of
apathy. When we calculated the frequency based on
the motor-manifest HD gene expansion carriers only, we
found a comparable level of 38%. Moreover, the
frequency corresponds to the 29% that was reported in
the validation study of the LARS with individuals with
PD (Sockeel et al, 2006).

The proposed cutoff for apathy in the Sockeel and
colleagues (2006) study was —16. This cutoff was lower
than the regression-based cutoffs we used in the present
study, which varied between —23; —17 for men and -24;
—17 for women, depending on age and education level.
The HC group used in the present study was well educated
and included a small number of individuals; therefore, our
HC group should not be considered representative of the
normal population. Sockeel and colleagues (2006) pro-
posed a cutoff of —22; —17 for slightly apathetic symptoms,
which is comparable to the cutoffs we used in the present
study. Thus, the level of apathy in individuals with HD
seems to be comparable to the level found in individuals
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with PD (Sockeel et al, 2006). This finding is in line with a
previous study that found comparable prevalence of apa-
thy in individuals with PD and those with HD, although
the type of apathy differed between the two groups (Sousa
et al, 2018).

While the frequency of apathy in the present study
corresponded somewhat with what was found in previous
studies, there was a large difference between the frequency
on the PBA—s Apathy subscale and on the global LARS
score. We found a significant correlation between the
PBA-s Apathy subscale score and the global LARS score,
but this correlation was small to medium sized (p = 0.31).
This finding is interesting given the assumption that both
instruments examine the same construct. As mentioned in
the introduction, the body of evidence concerning apathy
in individuals with HD varies considerably according to
the methodology used in a study, particularly the instru-
ments that are used to examine apathy. This result illus-
trates the variability between the instruments, and it
should be noted that results on apathy should not be
compared directly between different instruments.

We found that the global LARS score was sig-
nificantly correlated with the UHDRS TMS and was
correlated with the results on the cognitive screening and
neuropsychiatric instruments. The association between
apathy and cognitive impairments has been found in
several studies both in individuals with HD (Andrews
et al, 2020; Baudic et al, 2006; Camacho et al, 2018) and in
individuals with other neurodegenerative diseases, such as
Alzheimer disease and PD (Dujardin et al, 2009; Stark-
stein et al, 2006). Researchers have proposed that the as-
sociation between apathy and cognitive impairments is a
result of both symptom groups arising from striatal de-
generation and disruption of the frontal-striatal circuits
(Andrews et al, 2020; Thompson et al, 2002). On the other
hand, no clear association has been found between apathy
and other neuropsychiatric symptoms in individuals with
HD, except depression (van Duijn et al, 2010).

The linear regression model revealed that the
UHDRS TMS and the HAM-17 score were significant
predictors of the global LARS score, whereas the MoCA
score did not contribute significantly to the model. The
predictive value of the HAM-17 score was expected be-
cause depression and apathy are highly associated, and
discrimination between these phenomena is a continuous
discussion. Accordingly, the association between depres-
sive symptoms and apathy in individuals with HD has
been found previously (Andrews et al, 2020; Thompson
et al, 2002; van Duijn et al, 2010), but it has been sug-
gested that depression is not associated with disease du-
ration nor is it a predictor of disease progression as apathy
has been found to be (Craufurd et al, 2001; Thompson
et al, 2002). Apathy can be present without depression,
and depression can be present without apathy (Thompson
et al, 2002).

That the UHDRS TMS was entered as a predictive
variable when seen as a proxy of disease progression was
in agreement with previous studies, where apathy was
found to be a marker of disease progression (Camacho

Copyright © 2021 Wolters Kluwer Health, Inc. All rights reserved.
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et al, 2018; Thompson et al, 2012). Thus, apathy seemed
to follow the progression of the disease in the present
study also. We found that seven of the 23 participants who
were classified as apathetic were premanifest HD gene
expansion carriers. A speculative interpretation might be
that apathy was among the earliest symptoms of disease in
these individuals. The fact that the CAP score was not
significantly correlated with the global LARS score, and
that the apathetic HD gene expansion carriers did not
have a significantly higher CAP score than the non-
apathetic carriers, indicates that disease burden does not
predict the degree of apathy.

Study Limitations

A limitation linked to the LARS is the self-reported
nature of the instrument. HD gene expansion carriers can
have a lack of insight into their own inabilities (McCusker
and Loy, 2014), and this impaired awareness of deficits
may also include a lack of insight in apathy because
apathy and impaired awareness of deficits are both related
to dysfunction in the frontal-subcortical circuitry (Duff
et al, 2010). Because this study did not include a measure
of insight, the apathy scores may have been distorted by a
lack of insight. A lack of insight could be another ex-
planation for the low frequency of apathy in the motor-
manifest HD gene expansion carriers in the present study.

In contrast, the PBA-s includes the perceptions of
the patient, caregiver, and clinician in every score and
therefore is not influenced by a possible lack of insight.
Because the prevalence of apathy as examined by the
PBA-s was lower than the prevalence of apathy as ex-
amined by the LARS, a lack of insight may not have
affected the results of the LARS to a large degree. In
recent studies, it has been shown that HD gene expansion
carriers in the early stages of the disease are aware of their
degree of apathy (Atkins et al, 2021; Baake et al, 2018).
Thus, we hypothesize that impaired awareness of deficits
was only a limited confounder in our study.

It should be noted that the eventual pharmacological
treatment of the participants was not controlled for and
might have affected the present results. However, unlike
the participants in Sockeel and colleagues (2006), the
present study only included individuals in the early stages
of the disease and therefore we would not expect them to
receive treatment that could have affected the examination
of their apathy symptoms to a large degree.

CONCLUSION

When examined with the LARS, the motor-manifest
HD gene expansion carriers had a significantly higher
degree of apathy compared with the premanifest HD gene
expansion carriers and the HC. In addition, scores on two
of the four subtypes of apathy on the LARS were sig-
nificantly higher for the motor-manifest HD gene ex-
pansion carriers compared with the HC. We suggest that
apathy in individuals with HD has a specific expression,
with symptoms such as reduced initiation, voluntary ac-
tions, and interests, that might be related to the underlying
neuropathology.

Copyright © 2021 Wolters Kluwer Health, Inc. All rights reserved.

The frequency of apathy was 14.6% among the HD
gene expansion carriers when examined with the PBA—s
Apathy subscale and 28% when examined with the global
LARS. There was a significant correlation between the
PBA-s Apathy subscale score and the global LARS score
in the HD gene expansion carriers, but it was weaker than
expected given that the two instruments should examine
the same construct. The UHDRS TMS and the HAM-17
score had a significant impact on the global LARS score.
Thus, the LARS is a functional and sound instrument that
allows a comprehensive examination of apathy in HD
gene expansion carriers.
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Abstract

Objective: To investigate if executive and social cognitive dysfunction was associated with apathy in a large cohort of Huntington’s disease
gene expansion carriers. Method: Eighty premanifest and motor-manifest Huntington’s disease gene expansion carriers (Mini-Mental State
Examination score > 24 and Montreal Cognitive Assessment score > 19) and thirty-two controls were examined with the Lille Apathy Rating
Scale (LARS), a tailored and quantitative measure of apathy, and a comprehensive cognitive battery on executive functions and social cog-
nition (emotion recognition, theory of mind and sarcasm detection), as well as general correlates like demographic variables, and neuropsy-
chiatric and cognitive screening tests. Results: The motor-manifest Huntington’s disease gene expansion carriers had significantly different
scores on most measures of social cognition and executive functions, compared to premanifest and control participants. Apathy was signifi-
cantly correlated with most executive test scores, but the Emotion Hexagon was the only social cognitive test score significantly correlated with
apathy. We found that the motor score and the depression score were the only significant predictors of the apathy score, when the social
cognitive and executive tests with the strongest association with the global LARS score were entered into a multiple stepwise regression model.
No cognitive test score could significantly predict apathy. The model explained 21 % of the total variance. Conclusion: Despite being sig-
nificantly correlated with apathy neuropsychological variables did not have a significant impact on apathy when variables as depression and
motor symptoms were taken into account. Apathy should be considered an independent symptom of Huntington’s disease that requires
specific examination.

Keywords: apathy; Huntington’s disease; social cognition; executive functions; cognitive function; emotion recognition
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Introduction execution, outcome evaluation, and learning (Ernst & Paulus,
2005; Le Heron et al., 2018). Shared neural mechanisms may
explain the association between processes of goal-directed behav-
ior and symptoms of HD.

Apathy has been shown to be associated with executive dys-
function in HD (Andrews et al., 2020; Baudic et al., 2006;
Reedeker et al., 2011; van Duijn et al., 2010). The specific aspects
of executive functions that are associated with apathy have to our
knowledge not been investigated, but in previous studies, tests on
attention, working memory, set-shifting, fluency, and inhibition
have been used.

Apathy may also be associated with social cognitive deficits
since a significant association was found in two recent studies
with premanifest and early manifest HD gene expansion carriers
(Kempnich et al.,, 2018; Osborne-Crowley et al., 2019). Moreover,
Ruff and Fehr (2014) illustrated that social decision making is
based on similar neural processes as the value evaluations of non-
social factors implicated in goal-directed behavior, and research
into the neurobiological basis of apathy has increasingly focused
on regions of the limbic loop, which is also thought to be relevant
for the value evaluation processes (Le Heron et al., 2018; Levy &

The manifestations of the autosomal dominant inherited neurode-
generative disease Huntington’s disease (HD) include motor
disturbances, neuropsychiatric symptoms, and cognitive dysfunc-
tion (McColgan & Tabrizi, 2018; Snowden, 2017). These cardinal
symptoms are often accompanied by behavioral symptoms like
apathy, irritability, perseverance, psychosis, and affective symp-
toms (Craufurd et al., 2001; Eddy et al., 2016). Apathy can be found
in 34 % to 76 % of patients with HD and is a very distressing and
burdensome neuropsychiatric symptom for the caregivers
(Craufurd et al, 2001; van Duijn, Kingma & van der Mast,
2007). Apathy may be a marker of disease progression
(Camacho et al., 2018; Thompson et al., 2012) and is continuously
associated with cognitive impairments, motor symptoms, and
depression (Hendel et al., 2021; Reedeker et al., 2011; van Duijn
et al,, 2010). Theoretically, apathy can be considered a deficit in
goal-directed behavior caused by dysfunction of the prefrontal cor-
tex-basal ganglia circuits (Levy & Dubois, 2006). The investigation
of apathy involves a focus on the different cognitive processes
implicated in goal-directed behavior such as selection of action
based on evaluation of reward value and effort, planning and
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Dubois, 2006; Martinez-Horta et al., 2018). Accordingly, impair-
ments of social cognition, as well as more classical processes in
goal-directed behavior caused by dysfunction of the cortico-basal
ganglia-thalamo-cortico circuits, may constitute the basis of apa-
thy in HD. The previous studies on the association between apa-
thy and social cognitive functions had some methodological
weaknesses. One study included only 32 premanifest and mani-
fest participants, and assessment of apathy was based on family
ratings (Kempnich et al., 2018). In the study by Osborne-Crowley
etal. (2019), the indirect associations were investigated based on a
classification of patients as apathetic or nonapathetic. Thus,
whether the association between apathy and social cognition is
based on specific functions, like emotion recognition as in the
previous studies, or if other functions contribute to this associa-
tion is not known. Further, a more comprehensive examination of
apathy could indicate if an association between apathy and social
cognitive or executive functions is dependent on the degree or
type of apathy.

In the present study, we aimed to investigate if executive and
social cognitive dysfunction is associated with apathy (as measured
by a tailored, quantitative rating scale) in a large group of HD gene
expansion carriers. We analyzed if scores on the Lille Apathy
Rating Scale (LARS; Sockeel et al., 2006) were associated with tasks
of social cognition and executive functions when examined with a
broad neuropsychological battery. By examining the associations
between apathy and several executive and social cognitive tests,
we wished to investigate to which degree the tests of each domain
were associated with apathy and if different aspects of executive
functions and social cognition were associated with apathy.
Moreover, we examined the associations between apathy and var-
iables as demographic information and results from neuropsychi-
atric measures. Finally, we examined which variables could
significantly predict the degree of apathy, when both cognitive
and basic clinical measures were also analyzed.

Methods
Participants

Eighty HD gene expansion carriers were included from the
Neurogenetics Clinic, Danish Dementia Research Centre,
Rigshospitalet, Copenhagen, Denmark, from June 2017 to June
2020. This cohort of participants have previously been described
in Hendel et al. (2021).

Inclusion and exclusion criteria

The participants were included based on the following criteria; a
Mini-Mental State Examination (MMSE) score > 24 (Folstein
etal., 1975), a Montreal Cognitive Assessment (MoCA) score > 19
(Nasreddine et al., 2005), and a CAG repeat length > 39. Exclusion
criteria were other neurological disease, ongoing alcohol or drug
abuse, or a native language other than Danish.

Classification of participants

Participants were classified as premanifest HD gene expansion car-
riers (N = 40) if their Unified Huntington’s Disease Rating Scale-
99 Total Motor score (UHDRS-TMS) (Huntington’s Study Group,
1996) was <5, without substantial motor symptoms. If their
UHDRS-TMS was > 5, they were given a classification of motor-
manifest HD gene expansion carriers (N = 40).

R.K. Hendel et al.

Controls

The control group consisted of thirty-two previous 50 % at risk
individuals tested negative for the gene expansion (with a CAG
repeat length of < 30) before inclusion in this study. These individ-
uals were chosen over unrelated healthy controls to better match
for psychosocial and environmental factors.

All participants went through genetical counselling and were
informed of their genetic status prior to and independently from
study enrolment.

Procedure and instruments

The study was approved by the Ethics Committee of the Capital
Region of Denmark (H-17002606), and it was completed in accor-
dance to the Helsinki Declaration. Informed consent was obtained
from all participants before enrolment in the study. The partici-
pants had a minimum of two planned visits; in random order par-
ticipants went through a neurological examination and a
neuropsychological examination. In addition to the measures out-
lined above, the neurological examination also included neuropsy-
chiatric screening tests, the Hamilton Depression Scale (HAM-17)
(Hamilton, 1960), and the Symptom Checklist-90 Revised (SCL-
90-R) (Derogatis, 2009). Measures of disease progression, the
CAG repeat length and a CAP score, were also included in the
study. The CAG repeat length represents an indirect measure of
the amount of toxic huntingtin that the individual is exposed to.
The CAP score was used as a measure of disease progression based
on age and the CAG repeat length. Both the CAG repeat length and
the CAP scores were used to examine the importance of disease
progression for apathy. All examinations were performed by the
same physician (MNNH) and neuropsychologist (RKH).

Apathy

Apathy was examined using the Lille Apathy Rating Scale (LARS),
a standardized structured interview with 33 items divided into 9
domains based on main clinical manifestations of apathy
(Sockeel et al., 2006). A global score is calculated as the sum of
all items ranging from -36 to 36, with a higher score indicating
more severe symptoms of apathy. Four subtypes describe the dis-
tinct dimensions of apathy; Intellectual Curiosity (decreased inter-
est and perceived need for knowledge), Emotions (blunting of
emotions and lack of concern), Action Initiation (decreased every-
day productivity and lack of initiative), and Self Awareness (extinc-
tion of the awareness of self). Each of the four subtypes has an
average score of —4 to 4. The results of the LARS have been pre-
sented previously in Hendel et al. (2021), but all other analyses
are new for the current study.

Neuropsychological examination

The neuropsychological examination consisted of an extensive
examination with a test-battery on premorbid level of intelligence,
psychomotor speed and attention, memory, visuospatial functions,
executive functions, and social cognition. Here, only the tests from
the executive functions and social cognition are reported.

Executive functions

The executive functions were examined with the Symbol Digit
Modality Test (SDMT), the Trail Making Test B (TMT B)
(Reitan, 1955), the Stroop Test (100 words) (Stroop, 1935), the
Brixton Test (Burgess & Shallice, 1997), the Lexical and
Semantic Fluency Tests (Lezak et al., 2004), and an Alternating
Fluency Test.
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The Symbol Digit Modalities Test

The SDMT investigates psychomotor speed through a brief substi-
tution test where participants with the use of a reference key pair
nine different numbers with specific geometric symbols (Smith,
1982). Participants have 90 sec to pair as many numbers as pos-
sible. Number of correct responses was recorded and used for
analysis.

The Trail Making Test B

The TMT B is a set-shifting test where participants should connect
circles with the numbers 1-13 and the letters A-L, alternating
between numbers and letters in an ascending sequence (Reitan,
1955). Time to completion was recorded.

The Stroop Interference Test

The Stroop Interference Test is a test of interference and inhibition.
The 100 words version of the Stroop Interference Test consists of a
simple reading task and an interference test (Stroop, 1935). In the
interference test, participants are asked to name the color of the ink
that the words are printed in. The words are names of colors that
does not correspond to the color of the printed ink. For example,
would the word red be printed in blue and the participants should
say blue. Participants were instructed to complete the test as fast as
possible. Time to completion was recorded for the interference test.

The Brixton Test

The Brixton Test measures task analysis and consists of a stimulus
book where each page presents ten circles numbered 1-10 in the
same basic display, but for each page one circle is printed blue
(Burgess & Shallice, 1997). The participants must guess the pattern
of the movement of the blue circle based on the positions from pre-
vious pages and from page to page indicate the position of the blue
circle on the next page. No feedback is given during the test. The
number of errors (< 54) was recorded for analysis.

The Lexical Fluency Test

In the Lexical Fluency Test, participants must name as many words
as possible within one minute beginning with each of the letters F,
A, and S (Lezak et al., 2004). All Danish words were accepted,
except for proper nouns. The number of words was recorded
and summed for a total score.

The Semantic Fluency Test

In the Semantic Fluency test, participants must name as many ani-
mals as possible within one minute. All types or categories of ani-
mals were accepted, and specific animals within a named category
were also accepted. The total number of animals was recorded.

The Alternating Fluency Test

The Alternating Fluency Test measures internal attentional con-
trol. Participants must name as many words as possible within
one minute, beginning with the letter K and the letter B in an alter-
nating order. All words were accepted except proper nouns.
Improper alternations were recorded as incorrect. The number
of words in correct alternating order was recorded for analysis.

Social cognition

The social cognitive tasks consisted of The Awareness of Social
Inference Test (TASIT) (McDonald et al., 2003), the Emotion
Hexagon (EH) (Calder et al.,, 1996; Sprengelmeyer et al., 1996),
and Reading the Mind in the Eyes Test - revised version
(RMET) (Baron-Cohen et al., 2001).

The Awareness of Social Inference Test

The Danish version of The Awareness of Social Inference Test
(TASIT) Social Inference Minimal (SI-M) Test consists of 15 short
videotaped vignettes (15-53 s) portraying everyday conversational
exchanges between two persons (Bliksted et al., 2014). Of the 15
vignettes, five depicts sincere exchanges and 10 depicts sarcastic
exchanges. The sarcastic vignettes are either portraying simple sar-
casm (five vignettes), where the words are incongruent with the
paralinguistic and facial cues, or paradoxical sarcasm (five
vignettes), where the dialogue is meaningless unless it is under-
stood that the person is being sarcastic. Outcomes are SI-M total
score (0-60) and three subscores; the sincere score (0-20), the sim-
ple sarcasm score (0-20), and the paradoxical sarcasm score
(0-20).

The Emotion Hexagon Test

The Emotion Hexagon Test (EH) consists of 30 pictures of facial
expression of six basic emotions; happiness, surprise, fear, sadness,
anger, and disgust (Calder et al., 1996; Sprengelmeyer et al., 1996).
The pictures are morphed along a spectrum, so that each emotion
is blended with two neighboring emotions (e.g., happiness is
morphed with surprise and anger; the ratio of the happiness-sur-
prise spectrum is 90:10, 70:30, 50:50, 30:70, and 10:90). Emotions
blended by 50% served as neutral stimuli and were not included in
the final score. Before the presentation of the pictures, the partic-
ipants were shown a card with the names of the six emotions, and
each emotion was explained. This card was present during the
entire test. The pictures were presented in a random order and
a total score (0-24) represents the number of correct answers.

The Reading the Mind in the Eyes Test

The revised version of the Reading the Mind in the Eyes Test
(RMET) comprises 36 pictures of the eye region of different per-
sons (male and female), depicting various negative and positive
emotional states (Baron-Cohen et al., 2001). Each picture was pre-
sented together with four words describing a possible emotional
state. The participants were presented to a wordlist of all possible
words, explained and used in a sentence, and were encouraged to
look at it, if they felt uncertain about the meaning of a word. The
participants were then asked to choose the word from the four pos-
sibilities that best described the mental state of the portraited per-
son. A total score (0-36) indicates the number of correct responses.

Statistical analyses

Group comparisons were performed with analysis of variance
(ANOVA) or Kruskal-Wallis (when assumptions of homogeneity
of variance were not met). Dunnett’s t-tests or Mann-Whitney U
tests (for skewed distributions) were used for post hoc comparisons.
Effect sizes were calculated as d = *—>2 for the Dunnett’s t-tests,
and based on the formula by (Field, 2018): r = ﬁ for the Mann-

Whitney U tests. The Bonferroni-Holm correction was applied to
adjust the level of significance on all analyses with multiple



Table 1. Demographic data and results from the cognitive and neuropsychiatric
screening tests for the HD gene expansion carriers and the controls. Results are
presented as mean (SD)

HD Gene Expansion Carriers

Motor-Manifest Premanifest Controls
N 40 40 32
Age (years) 51.7 (11.9)F 41.3 (11.0) 48.1 (14.1)
Sex (M/F) 21/19 24/16 13/19
UHDRS-TMS 23.3 (13.5)* ¢ 1.5 (1.5) 1.3 (1.3)
CAG Repeat Length 42.8 (2.5)* 41.8 (2.4)* 19.8 (4.0)
CAP Score 359.7 (92.0)% 248.7 (80.3) -
HAM-17 Score 43 (3.6)t 2.5 (3.1) 2.7 (3.0)
SCL-90-R GSI Score 51.1 (12.4)* 1 42.0 (10.1) 437 (11.2)

Note. * Statistically significant difference from the controls (p < .05). * Statistically significant
difference from the premanifest HD (p < .05).

HD: Huntington’s disease; SD: standard deviation; UHDRS: Unified Huntington’s Disease
Rating Scale. TMS: Total Motor Score. CAG: cytosine-adenine-guanine; CAP: cytosine-adenine-
guanine age product; MMSE: Mini-Mental State Examination; MoCA: Montreal Cognitive
Assessment; HAM-17: Hamilton Depression Scale; SCL-90-R: Symptom Checklist-90 Revised.

comparisons. For all HD gene expansion carriers, a CAP score was
calculated as CAP = Age - (CAG — 35.5) based on Penney et al.
(1997). For the total group of HD gene expansion carriers, associ-
ation analyses were performed between the LARS and social cog-
nitive and executive tasks. No transformation of data was
performed, and negative values of the LARS remained negative
in the analyses. Correlation analyses were applied, and Pearson’s
r or Spearman’s rho (for skewed distributions) was used to assess
the level of significance. Based on the results from Hendel et al.
(2021), we entered the UHDRS-TMS and the HAM-17 score into
a multiple stepwise regression analysis with the global LARS as de-
pendent variable, along with one social cognitive test and one test
of executive function. We entered the social cognitive and execu-
tive tests with the strongest association with the global LARS score,
based on the correlation coefficients. Plot of residuals was used for
model control for the regression analysis.
The alpha-level for significance was 5% for all analyses.

Results
Differences between HD gene expansion carriers and controls

Demographic data and the results on the cognitive and neuropsy-
chiatric screening tests are presented in Table 1. Significant
differences were found between the motor-manifest HD gene
expansion carriers and the premanifest HD gene expansion car-
riers and the controls on almost all measures. The motor-manifest
HD gene expansion carriers were significantly older than the pre-
manifest HD gene expansion carriers, but there was no difference
in the distribution of sex between the groups. Measures of disease
progression (UHDRS-TMS and CAP score) were significantly
higher in the motor-manifest HD gene expansion carriers, when
compared to both premanifest HD gene expansion carriers and
controls. Both the premanifest and the motor-manifest HD gene
expansion carriers had higher CAG repeat length than the controls.
Concerning the neuropsychiatric tests (HAM-17 and SCL-90-R
GSI), the motor-manifest HD gene expansion carriers scored sig-
nificantly higher than the two other groups.

Table 2 presents the results on the LARS and the social cognitive
and executive tasks for the HD gene expansion carriers and the
controls. When compared to the premanifest HD gene expansion
carriers and controls, the motor-manifest HD gene expansion car-
riers had significantly higher scores on the global LARS (p =.009,
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p =.001, respectively) and on the subscales Intellectual Curiosity
(p=.044, p=.004 respectively) and Action Initiation (both
p <.001). However, when correcting for multiple comparisons,
the difference between the premanifest and motor-manifest HD
gene expansion carriers on the Intellectual Curiosity subscale could
not be considered significant. On the social cognitive and executive
tasks, the motor-manifest HD gene expansion carriers had signifi-
cant different scores on most measures (except on the TASIT sub-
scores), when compared to the premanifest HD gene expansion
carriers and the controls. The largest effect sizes were found for
TMT B (premanifest: r=.67, controls: r=—.65) and Stroop
Interference Test score (premanifest: r =.54, controls: r = —.55).
There were no significant differences between the premanifest
HD gene expansion carriers and the controls on the social cogni-
tive or executive tests.

Associations between apathy and cognitive tests

The association analyses between the global LARS and social
cognitive and executive tasks for the total group of HD gene
expansion carriers are presented in Table 3. The only significant
correlation between apathy and the social cognitive tests was a
negative association between the EH total score and the global
LARS score (rho=—.27, p=.014), indicating that individuals
with a high degree of apathy scored lower on the EH test. No
other significant correlations were found between apathy on
the global LARS and social cognitive test scores. Scores on
almost all executive tests (except the Stroop Test interference
score and the Brixton Test score) were significantly negatively
correlated with the global LARS score, indicating that a higher
degree of apathy is associated with lower performance on the
executive tests.

Associations between apathy and demographic variables

When assessing the associations between scores on the LARS and
the demographic variables, we found a significant correlation
between the UHDRS-TMS and the global LARS score (rho = .35,
p=.002). Also, the global LARS score was significantly correlated
with the neuropsychiatric screening tests (HAM-17: rho = .40,
p <.001; SCL-90-R GSI: r =30, p =.008).

Variables explaining apathy in HD gene expansion carriers

A multiple regression analysis was performed to examine which
variables could explain the degree of apathy in the total group
of HD gene expansion carriers. The analysis included the global
LARS score as outcome variable and the UHDRS-TMS, the
HAM-17 score, the EH test, and the Semantic Fluency test as pre-
dictor variables. When the predictor variables were entered the
model, we found that the UHDRS-TMS (b=0.14, SE;, =0.05,
CI=[0.05; 0.23], p=.003) and the HAM-17 score (b=0.41,
SE,=0.19, CI=[0.03; 0.79], p =.034) could significantly predict
the global LARS score (constant=-26.32, SE.=0.94, CI=
[-28.19; -24.45], p=<.001). This model could explain 21 % of
the total variance (R? = .21, p <.001). Neither the social cognitive
test nor the executive test was entered the final model. Thus, the
burden of depressive symptoms and the motor symptoms had a
significant association with apathy symptoms, but executive symp-
toms and social cognitive symptoms did not have additional
impact on the global LARS score.
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Table 2. Results on the Lille Apathy Rating Scale, the social cognitive tasks, and the executive tasks for the HD gene expansion carriers and

controls. Results are presented as mean (SD)

HD Gene Expansion Carriers

Motor-Manifest Premanifest Controls
N 40 40 32
Apathy
LARS Global Score -21.2 (6.9)* t -25.2 (4.3) -26.3 (3.0)
Intellectual Curiosity Score -2.4 (0.9)* -2.8 (0.7) -2.9 (0.5)
Emotions Score -2.3(1.0) -2.6 (1.0) -2.6 (0.7)
Action Initiation Score -2.4 (1.1)* 1 -3.4 (0.7) -3.5(0.6)
Self-Awareness Score -2.4 (1.6) -2.1(1.8) -2.5(1.5)
Social Cognition
TASIT SI-M Total Score 484 (5.2)* 1 52.4 (3.4) 52.5 (4.5)
Sincere Score 14.5 (3.7) 16.0 (2.7) 15.9 (3.2)
Simple Sarcasm Score 15.8 (3.3) 17.2 (2.2) 17.4 (2.4)
Paradoxical Sarcasm Score 18.2 (2.5) 19.1 (1.1) 19.3 (1.2)
EH Total Score 16.1 (4.6)* 19.5 (2.3) 20.1 (2.6)
RMET Total Score 20.9 (5.1)* 1 25.6 (3.1) 25.0 (3.6)
Executive Functions
SDMT Total Score 34.6 (12.3)* 1 54.2 (11.2) 57.7 (11.6)
TMT B (sec) 95.3 (51.4)* 1 44.1 (17.5) 443 (14.2)
Lexical Fluency Score (FAS) 31.0 (12.6)* ¢ 44.9 (10.2) 46.0 (12.8)
Semantic Fluency Score (Animals) 16.7 (5.7)* t 23.8 (4.3) 25.4 (5.3)
Alternating Fluency Score (K-B) 10.5 (4.2)* t 15.5 (3.2) 15.1 (4.0)
Stroop Test Incongruence Score (sec) 164.0 (59.2)* 1 106.4 (22.7) 102.3 (21.4)
Brixton Test Score 16.8 (8.6) T 12.3 (5.6) 13.8 (7.0)

Note. *

Statistically significant difference from the controls (p <.05). ¥ Statistically significant difference from the premanifest HD (p <.05).

HD: Huntington’s disease; SD: standard deviation; LARS: The Lille Apathy Rating Scale; TASIT: The Awareness of Social Inference Test; SI-M: Social Inference Minimal;
EH: Emotion Hexagon; RMET: Reading the Mind in the Eyes Test; SDMT: Symbol Digit Modality Test; TMT B: Trail Making Test B.

Table 3. Correlations between scores on the LARS and the social cognitive and
executive tasks for the total group of HD gene expansion carriers.

Global LARS Score

Social Cognition

TASIT SI-M Total Score -.14
Sincere Score -.13
Simple Sarcasm Score -.02
Paradoxical Sarcasm Score -.07
EH Total Score -.27%
RMET Total Score -.20
Executive Functions

SDMT Total Score -.33%
TMT B (sec) .28%
Lexical Fluency Score =27
Semantic Fluency Score -.35%
Alternating Fluency Score -.27*%
Stroop Test Incongruence Score (sec) .19
Brixton Test Score .19

Note. *Statistically significant (p <.05).

HD: Huntington’s disease; LARS: The Lille Apathy Rating Scale; TASIT: The Awareness of Social
Inference test; SI-M: Social Inference Minimal; EH: Emotion Hexagon; RMET: Reading the Mind
in the Eyes Test; SDMT: Symbol Digit Modality Test; TMT B: Trail Making Test B.

Discussion

We investigated the association between apathy, as measured by a
tailored quantitative rating scale, and social cognitive and executive
dysfunction. In a cohort of 80 premanifest and motor-manifest HD
gene expansion carriers, examined with a comprehensive battery
investigating both executive functions and social cognitive proc-
esses (emotion recognition, theory of mind, and sarcasm detec-
tion), we found significant correlations between most executive
test performance and the apathy score on the global LARS.
Despite being significantly reduced in motor-manifest HD gene
expansion carriers, most social cognitive test performances were

not associated with apathy. Only the EH test score was significantly
correlated with the global LARS. This result was in accordance to
previous studies but unlike previous studies, we also examined if
executive dysfunctions or social cognitive impairments could be
predictive of apathy. Such finding would help explain the develop-
ment of apathy and indicate if cognitive test performance could be
used to support a clinical assessment of apathy. However, when
entering the executive and social cognitive variables with the high-
est correlation coefficient, neither the Semantic Fluency test nor
the EH test could predict the apathy score on the global LARS,
when more general variables were added to the model.

Our results support the results of previous studies, where exec-
utive dysfunction has been linked to apathy both in HD (Andrews
et al., 2020; Baudic et al., 2006; Reedeker et al., 2011; van Duijn
et al, 2010) and in other neurodegenerative diseases like
Parkinson’s disease (Dujardin et al., 2009; Pluck & Brown, 2002)
and Alzheimer’s disease (McPherson et al., 2002). As expected,
most executive test performances were significantly impaired in
motor-manifest HD gene expansion carriers, compared to pre-
manifest HD gene expansion carriers and controls. But unlike pre-
vious studies (Baake et al., 2017; Duff et al., 2010; Larsen et al.,
2015; Paulsen et al., 2013), premanifest HD gene expansion car-
riers were not impaired on any tests of psychomotor speed or other
executive functions. We found that several executive test scores
were significantly correlated to the global LARS score when exam-
ining the entire group of HD gene expansion carriers. Interestingly,
the tests that were significantly associated with apathy were the
same as used in previous studies (Andrews et al., 2020; Baudic
et al., 2006; Reedeker et al., 2011; van Duijn et al., 2010) and
included functions like attentional control, set-shifting, psychomo-
tor speed, and fluency. However, the results could not demonstrate
if any aspect of the executive functions were more associated to
apathy than others, as the correlations coefficients were of almost
equal sizes. It can be hypothesized that apathy affects the executive



functions of HD gene expansion carriers, as apathy can lead to an
inhibition of action. The inhibition of action could affect the exec-
utive functions by reducing the psychomotor speed or the ability to
perform well on fluency tests by causing inactivity. However, as the
present study did not examine the direction of the association, this
cause of effects is only hypothetical. Yet, our study did examine if
executive dysfunction could be used as a predictor of apathy.
Interestingly, when entering the semantic fluency test (the execu-
tive test with the highest correlation coefficient) as a predictor var-
iable in the multiple stepwise regression model, we did not show
such predictive capabilities. This was a surprising finding which
underline the importance of a deeper investigation of the associa-
tions between apathy and executive functions, as the association
could be driven by other factors not included in this study.

In two previous studies, it has been shown that emotion recog-
nition may be linked to apathy in premanifest and manifest HD
(Kempnich et al., 2018; Osborne-Crowley et al., 2019) which we
sought to replicate. Also, we extended the examination to involve
several social cognitive functions. In accordance with previous
studies (Allain et al., 2011; Bora, Velakoulis & Walterfang, 2016;
Eddy et al, 2018; Larsen et al.,, 2016; Philpott et al., 2016), we
showed that social cognitive test scores were significantly impaired
in motor-manifest HD gene expansion carriers. In contrast, we
showed that only the emotion recognition performance on the
EH test was significantly correlated to apathy on the global
LARS. The remaining social cognitive test performances were
not significantly correlated with the apathy score. While the EH
is an emotion recognition task, the RMET and the TASIT are both
tests of theory of mind, which might not be associated with apathy.
One explanation for why the RMET task was not associated with
apathy in this study could be that while the task draws on abilities
of both emotion recognition and theory of mind, it is directed at
examining theory of mind. These results are in accordance with the
previous studies (Kempnich et al., 2018; Osborne-Crowley et al.,
2019), and similar findings have been shown in Parkinson’s disease
(Martinez-Corral et al., 2010; Robert et al., 2014). Thus, although
social cognition as a domain might not be associated with apathy,
processes of emotion recognition might be to some extent. One
explanation for this association is that apathy reduces the social
value evaluation of emotions and thus affects the goal-directed
decision making when presented with facial stimuli (Ruff &
Fehr, 2014).

This study widened the investigation of the association between
apathy and social cognitive and executive dysfunction by examin-
ing the predictive capabilities of these cognitive functions. To our
knowledge, this is the largest study to include social cognitive func-
tions as a predictor of apathy. Our results suggest that apathy is
correlated to variables of general progression on all three cardinal
symptoms of HD and illustrate that apathy is a marker of disease
progression. When we entered the UHDRS-TMS, the HAM-17
score, the EH test, and the Semantic Fluency test into a multiple
stepwise regression model with the global LARS score as the de-
pendent variable, we found that the UHDRS-TMS and the
HAM-17 score were the only predictive variables of the global
LARS score. This was in line with studies showing that apathy is
closely associated with disease progression and depressive symp-
toms (Camacho et al., 2018; Hendel et al., 2021; Reedeker et al.,
2011; Thompson et al., 2012; van Duijn et al., 2010). Despite being
significantly correlated with the global LARS score, the EH test
score was not a significant predictor of apathy in our study.
This contrasts with the Kempnich et al. (2018) study and suggests
that the significant correlation between emotion recognition and
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apathy might be a result of co-occurrence because of shared under-
lying neuropathology, or because both symptoms are dependent
on a third explainable variable. In this instance, the disease pro-
gression could be one explanation for the progression of both
symptoms. Accordingly, the UHDRS-TMS as a proxy for disease
progression was a significant predictor of the global LARS score in
our final stepwise multiple regression model. However, this model
only explained 21% of the total variance and thus other factors
must also be affecting the prediction of apathy. Among possible
explainable factors are age, the male sex, or the use of pharmaco-
logical treatment like neuroleptics or benzodiazepines (van Duijn
etal,, 2010). None of these factors were included in the analyses of
the present study.

Limitations and future directions

One important limitation of the present study that need mention-
ing concerns the self-reported nature of the LARS. While LARS is a
sound and comprehensive measure of apathy, the participants
must be able to recognize and acknowledge their perceived symp-
toms of apathy for the LARS to be a valid instrument. As HD gene
expansion carriers have been found to have decreased insight into
their own inabilities (McCusker & Loy, 2014), and since impaired
awareness of deficits and apathy are both related to dysfunction of
the frontal-subcortical circuitry (Duff et al., 2010), this could have
affected the results. However, in recent studies, HD gene expansion
carriers in early stages of the disease have been reported to be aware
of their degree of apathy (Atkins et al., 2021; Baake et al., 2018) and
since the present study included HD gene expansion carriers in the
early stages of the disease, we do not believe that the results have
been distorted by this to a large degree. However, future studies
should seek to examine the awareness of deficits in HD gene expan-
sion carriers, when investigating apathy.

Moreover, as this study included HD gene expansion carriers in
premanifest or early stages of disease, we did not control for any
possible pharmacological treatment that the participants might
receive. However, as the participants were in early stages of disease,
we would not expect them to receive treatment that could have
affected the examination of their apathy symptoms, to a large
degree. However, as treatment with neuroleptics and benzodiaze-
pines might be associated with apathy (van Duijn et al., 2010),
future studies should control for pharmacological treatment when
examining apathy.

Conclusion

In conclusion, our results suggest that the examination of apathy in
HD cannot be derived from the individual’s performance on
neuropsychological tests. That is, the present results do not support
the hypothesis that apathy can be explained by dysfunction of the
different cognitive processes implicated in goal-directed behavior,
since the social cognitive and executive tests were not predictive of
apathy. Instead, this study demonstrates that apathy should be seen
as an independent symptom of HD that requires separate and spe-
cific examination by a comprehensive measure.
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ABSTRACT

This study sought to investigate if there was a significant difference between the Huntington's
Disease gene expansion carriers who were impaired on the cognitive domains, social cognition
and executive functions. Also, it was investigated which of the cognitive domains could predict the
decrease in total functional capacity over a 6-year follow-up period. Premanifest and motor-mani-
fest Huntington’s Disease gene expansion carriers (N=98), were examined with a neurological
and neuropsychological examination at Time 1 (year 2012-2013). Regression-based normative data
was used to classify impairments on the two cognitive domains. Follow-up participants (N =80)
had their functional capacity reexamined at Time 2 (year 2018-2020), to examine which cognitive
domain could predict the decrease in functional capacity over the 6-year follow-up. More than
50% of the participants were impaired on the domain of social cognition. These participants were
significantly different from the participants who were impaired on executive functions. The motor
function and impairments on social cognition significantly predicted the decline in functional cap-
acity. The Emotion Hexagon test was the only significant social cognitive task, that predicted the
decline in functional capacity. Social cognition includes unique and separate functions in
Huntington's Disease, unaffected by executive functions. This study emphasizes the importance of
regular assessment of social cognition in Huntington’s Disease and the clinical relevance of

KEYWORDS

Emotion recognition;
executive function;
Huntington’s Disease; social
cognition; total

functional capacity

impaired social cognitive function.

Introduction

The autosomal dominantly inherited neurodegenerative dis-
ease, Huntington’s Disease (HD), is caused by an expansion
of the Cytosine-Adenine-Guanine (CAG) trinucleotide
repeat in the huntingtin gene on chromosome 4 (McColgan
& Tabrizi, 2018). The clinically evident symptoms of HD
include motor symptoms, cognitive impairments, and psy-
chiatric symptoms. Despite wide variation, the formal onset
of HD is most often in mid-age, and the diagnosis is based
on the motor symptoms and signs, combined with a positive
gene test (Paulsen, 2011; Walker, 2007). However, in many
cases, cognitive impairments and psychiatric symptoms pre-
cede the motor disturbances and formal diagnosis of HD up
to 15years before (Paulsen, 2011; Paulsen et al., 2008;
Snowden, 2017; Vinther-Jensen et al., 2014). These symp-
toms lead to a decline in the functional capacity of individu-
als with HD, a capacity which describes the functional status
and “self-care” capacities of individuals with HD (Beglinger
et al.,, 2010). There is a robust evidence base for the course
of the cognitive impairments in HD, with primary impair-
ments found in psychomotor speed, attention, and executive
functions in premanifest HD, followed by a decline in

memory and visuospatial function in more advanced stages
of disease (Paulsen, 2011; Snowden, 2017). Cognitive symp-
toms, specifically executive dysfunction and impaired psy-
chomotor speed, have been found to significantly predict the
functional decline in the daily living of patients with HD
(Eddy & Rickards, 2015a). Likewise, neuropsychiatric symp-
toms (e.g. depression and apathy) have been reported to be
associated with functional decline in HD (Sellers
et al., 2020).

Social cognition includes functions that are used in all
everyday situations with other people. These social cognitive
functions, like interacting with other people or understand-
ing the intentions of others, are often relevant for the func-
tional capacities of people with HD, especially the more
complex capacities like occupation, handling of finances and
domestic responsibility which encompasses abilities of per-
forming and understanding social negotiations. Despite the
fact that social cognitive dysfunction can have negative
effects on the daily lives of individuals with HD, the associ-
ation between social cognitive dysfunction and the func-
tional capacity in HD has to our knowledge only been
investigated in a few studies, showing conflicting results

CONTACT Rebecca K. Hendel @ rebecca.thea.kjaergaard.hendel@regionh.dk @ Department of Neurology, Danish Dementia Research Centre, Copenhagen
University Hospital — Rigshospitalet, Blegdamsvej 9, Copenhagen @ DK-2100, Denmark.

© 2022 Taylor & Francis Group, LLC


http://crossmark.crossref.org/dialog/?doi=10.1080/23279095.2022.2073824&domain=pdf&date_stamp=2022-05-12
http://orcid.org/0000-0002-3899-7665
http://orcid.org/0000-0002-9026-1073
http://orcid.org/0000-0002-3401-1061
https://doi.org/10.1080/23279095.2022.2073824
http://www.tandfonline.com

2 . R. K. HENDEL ET AL.

(Briine et al., 2011; Eddy et al., 2014; Ille et al, 2011;
Tabrizi et al., 2013). The variability between the results from
these studies stress the importance of more research on this
subject. Moreover, reports regarding the social cognitive dys-
functions in HD are characterized by conflicting results,
with some studies demonstrating social cognitive impair-
ments in premanifest HD (Eddy et al., 2018; Eddy &
Rickards, 2015b, 2015¢; Stout et al., 2011), while other stud-
ies have not found reductions before the manifest stages of
disease (Kipps et al., 2007; Larsen, Vinther-Jensen, Gade,
et al., 2016; Milders et al., 2003). Also, there is an ongoing
debate concerning the degree to which executive dysfunction
affects the performance of HD gene expansion carrier on
tasks of social cognition (Aboulafia-Brakha et al, 2011;
Allain et al., 2011; Briine et al., 2011; Eddy et al., 2014; Eddy
& Rickards, 2015b). Tests developed for the examination of
social cognition will also tap executive functions, attentional
processes, and retrieval of information. When HD gene
expansion carriers are impaired on tasks of social cognition,
it is unknown whether it is the executive component in the
task that is affected.

Methodological differences might explain the inconsisten-
cies in the research-based facts on social cognitive dysfunc-
tion in HD. To date, social cognition as a domain remains
poorly examined and most studies assessing social cognition
in HD has primarily focused on tests of emotion recognition
and theory of mind, using a standardized set of tests. In a
meta-analysis by Bora et al. (2016), impairments of emotion
recognition and theory of mind in premanifest and manifest
HD gene expansion carriers were associated with disease
burden, cognitive impairments, and proximity of onset of
motor symptoms. However, there is an unmet need to study
the consequences over time of having social cognitive dys-
function in HD.

In this study, we used a new methodological approach,
where each participant was classified as impaired or not on
two cognitive domains: social cognition and executive func-
tions. The classifications were based on a comprehensive
battery of tests applied in a large group of premanifest and
motor-manifest HD gene expansion carriers. We investi-
gated if the participants who were impaired on each of the
cognitive domains were the same or if there was a signifi-
cant difference between the participants who were impaired
on social cognition and executive functions. Finally, we inves-
tigated which of these cognitive domains could predict a
decline in the functional capacity of premanifest and motor-
manifest HD gene expansion carriers over a 6-year follow-
up period.

Methods
Participants

Time 1

The participants at Time 1 were ninety-eight HD gene
expansion carriers enrolled in the study in year 2012-2013
from the Neurogenetics Clinic, Danish Dementia Research
Centre, Copenhagen University Hospital—Rigshospitalet,
Copenhagen, Denmark. The participants have been

described previously (Vinther-Jensen et al., 2014) and were
included based on the following criteria; a CAG repeat
length >39, a Unified Huntington’s Disease Rating Scale-99
total motor score (UHDRS-TMS) <55 (Huntington’s Study
Group, 1996), a Mini-Mental State Examination (MMSE)
score >24 (Folstein et al., 1975), and a Montreal Cognitive
Assessment (MoCA) score >19 (Nasreddine et al.,, 2005).
The exclusion criteria were other neurological disease,
ongoing alcohol- or drug abuse, or a native language other
than Danish.

The participants were classified as premanifest HD gene
expansion carriers, if they presented without substantial
motor symptoms and had a UHDRS-TMS of <5.
Contrarily, if their UHDRS-TMS was >5, they were classi-
fied as motor-manifest HD gene expansion carriers. This
cutoff of >5 on the UHDRS-TMS scale to classify motor-
manifest participants has previously been used in the
TRACK-HD study (Tabrizi et al., 2009).

Time 2

The participants at Time 2 included HD gene expansion
carriers who had previously participated at Time 1, and who
agreed to take part in the follow-up examinations in year
2018-2020. All participants from Time 1 were contacted and
invited to participate in the follow-up examinations.
Included participants were again classified as premanifest
and motor-manifest HD gene expansion carriers according
to their UHDRS-TMS. They were assessed with the same
tests and instruments as when participating at Time 1, but
the focus of this follow-up study was their functional cap-
acity score at Time 2. Time 2 participants were previously
described in Hellem et al. (2021).

Controls
The control group consisted of forty-six previous at-risk
individuals, who before inclusion in this study, were tested
negative for the HD gene expansion (with a CAG repeat
length of <30). They were included instead of unrelated
healthy controls to better match for environmental and psy-
chosocial factors. The control group was combined from
control participants who were enrolled at Time 1 (N=39),
as well as new control participants enrolled at Time 2
(N=7). Initial analyses showed that the controls at Time 1
and Time 2 did not differ significantly on demographic vari-
ables or on the functional capacity score (data not shown).
Participants from Time 1 were assessed both at Time 1 and
Time 2. However, all scores reported from the controls in
this study were taken from their initial examination, mean-
ing that only control participants who were enrolled at Time
2 had their scores from Time 2 included.

All participants and controls went through genetical
counseling and were informed of their genetic status prior
to and independently from enrollment in the study.



Procedure

This study was approved by the Ethics Committee of the
Capital Region of Denmark (H2-2011-085 and H-17002606)
and written informed consent was obtained from all partici-
pants before enrollment in the study. Inclusion involved
participating in a neurological examination and a neuro-
psychological examination both at Time 1 and at Time 2.
All examinations were completed by the same neurologists
and neuropsychologists at Time 1 (TV] and IUL, respect-
ively) and at Time 2 (MNNH and RKH, respectively).
During the neurological examination, participants were
screened for depression and cognitive deficits using the
Hamilton Depression Scale (HAM-17) (Hamilton, 1960), the
MoCA (Nasreddine et al., 2005) and the MMSE (Folstein
et al., 1975). Motor symptoms and functional capacity were
examined with the UHDRS-TMS and the UHDRS-Total
Functional Capacity (TFC) scale (Huntington’s Study
Group, 1996). The UHDRS-TFC is a 5-item interview
assessing the functional capacities of persons with HD
(Huntington’s Study Group, 1996; Mestre et al., 2018). It
covers basic functions of daily life (occupation, handling of
finances, domestic responsibilities), as well as ADL functions
(dressing, bathing, eating, level of care—home or facility).
The UHDRS-TFC scale takes about 5minutes to complete
and a higher score (ranging from 0 to 13) indicates a better
functional capacity. We used a ATFC score (UHDRS-
TFCrime 1 — UHDRS-TFCrime 2), to indicate the level of
decline during the follow-up time.

Neuropsychological assessment

The neuropsychological assessment included tests of pre-
morbid level of intelligence, psychomotor speed and atten-
tion, memory, visuospatial functions, executive functions,
and social cognition. Here, only the tests of executive func-
tions and social cognition are reported.

Executive functions were assessed using the Symbol Digit
Modality test (SDMT) (Smith, 1982), the Trail Making test
part B (TMT B) (Reitan, 1955), the Stroop test (100 items)
(Stroop, 1935), the Verbal Lexical Fluency (FAS) (Lezak
et al, 2004), the Verbal Lexical Alternating Fluency (K-B
words) and the Verbal Semantic/Lexical Alternating Fluency
(Food items-D words).

Social cognition was assessed with The Awareness of
Social Inference Test (TASIT)—Social Inference-Minimal
(SI-M) (McDonald et al., 2003), The Emotion Hexagon test
(EH) (Calder et al., 1996; Sprengelmeyer et al., 1996), and
the revised version of the Reading the Mind in the Eyes
Test (RMET) (Baron-Cohen et al., 2001). The TASIT SI-M
is a task of sarcasm detection, where participants must
detect sarcasm through the tone of voice and body language
in videoclips portraying everyday situations between two
people. The TASIT SI-M and the RMET were considered
tasks of theory of mind and the EH were considered a task
of emotion recognition. All tests have been described previ-
ously, and group results from the participants at Time 1 are
presented in Larsen, Vinther-Jensen, Gade, et al. (2016) and
Larsen, Vinther-Jensen, Nielsen, et al. (2016).
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An educational index score (ranging from 8 to 17) was
calculated for each participant based on the method previ-
ously used by Mortensen & Gade (1993). It represents the
sum of years of schooling (ranging from 7 to 12years) and
the level of post-secondary education stratified into groups
(ranging from 1 to 5).

Classification of cognitive impairments

In this study, we classified participants as impaired or not
on two cognitive domains; social cognition and executive
functions, based on their scores at Time 1. The methods for
classifying impairments on the two cognitive domains were
as follows.

Regression-based reference data were calculated correct-
ing for age, sex, and educational index score for all executive
and social cognitive tasks, based on the data from the con-
trol group. We calculated percentile estimates for the
expected scores as the inverse of the normal cumulative dis-
tribution function specified by the regression model. For
each task, each of the participant’s observed score was com-
pared to the estimated score from the relevant group. If the
score was at or below the 10th percentile estimate for the
relevant group, the participant was classified as impaired on
that task. A classification of “Impaired on social cognition”
was applied, if the participant was impaired on one or more
of the social cognitive tasks. The classification of “Impaired
on executive functions” was applied if the participant’s scores
on two or more tasks from the executive domain
were impaired.

Statistical analysis

Group comparisons on the basic clinical information
between participants and controls at Time 1 and Time 2,
respectively, were performed using one-way analysis of vari-
ance or the Kruskal Wallis test, when the assumption of
homogeneity of variances was not met. Post hoc compari-
sons were calculated using Dunnett’s t-test or Pairwise
Comparisons. Association analyses between demographic
variables and test scores were performed using Pearson’s r
or Spearman’s rho (for skewed distributions). A CAP score
was calculated for all HD gene expansion carriers using the
equation CAP = Age- (CAG —35.5), by Penney et al,
(1997). We used a Chi’ analysis to examine if the partici-
pants who were impaired on the two cognitive domains
(described above) were the same or if there was a significant
difference between them. Finally, we used two multiple step-
wise regression models for predicting the decline in
UHDRS-TFC score across the follow-up time (using a
ATFC score). The first model examined which of the two
cognitive domains could explain the decline in UHDRS-TFC
across the follow-up time, using the two categorical variables
describing the impairments on the cognitive domains. We
included age at Time 1, the UHDRS-TMS score at Time 1,
and the HAM-17 depression score at Time 1 in the multiple
regression model as confounding variables, to control for
the effect of disease stage and neuropsychiatric symptoms in
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the progression of the decline in TFC scores across the
6-year follow-up period. The second model examined
which of the cognitive tasks could predict the decline in
UHDRS-TEC score across the follow-up time, using the per-
formance scores on the tasks of the predictive domain from
the first model. Again, we included age at Time 1, the
UHDRS-TMS score at Time 1, and the HAM-17 depression
score at Time 1, as confounding variables.

The alpha level for significance was p < .05 for all analy-
ses (two-tailed significance) and the Bonferroni-Holm cor-
rection was used to adjust the level of significance when
multiple comparisons were performed.

Results

The follow-up time between Time 1 and Time 2 was on aver-
age 5.7 years (ranging from 4 to 7 years). Of the 98 participants
from Time 1, 18 participants were not followed up at Time 2
(as illustrated in Figure 1). Of the participants lost to follow-
up, 9 had died at Time 2 (1 premanifest and 8 motor-manifest
HD gene expansion carriers), and 9 participants either declined
to participate again or were unreachable despite our efforts (3
premanifest and 6 motor-manifest HD gene expansion car-
riers). In total, 80 participants (34 premanifest and 46 motor-
manifest HD gene expansion carriers) were examined at Time
2. In the approximately 6years between Time 1 and Time 2,
12 HD gene expansion carriers initially classified as premanifest
were classified as motor-manifest at Time 2.

Table 1 presents the basic clinical information and the per-
formance scores on all cognitive tests for the HD gene expan-
sion carriers and controls at Time 1 and Time 2, by
comparing the scores of the premanifest and motor-manifest
HD gene expansion carriers with controls both at Time 1 and
at Time 2, but scores between Time 1 and Time 2 were not
statistically compared. At both Time 1 and Time 2, the
motor-manifest HD gene expansion carriers had significantly
higher age and UHDRS-TMS and significantly lower UHDRS-
TFC and MoCA score than the premanifest HD gene expan-
sion carriers at the respective time and the controls. At Time
1, the motor-manifest HD gene expansion carriers had a sig-
nificantly higher HAM-17 score compared to the controls,
while at Time 2, the HAM-17 score deviated significantly
between the motor-manifest HD gene expansion carriers and
the premanifest HD gene expansion carriers. The CAP score
was significantly higher in the motor-manifest group com-
pared to the premanifest HD gene expansion carriers and the
controls both at Time 1 and Time 2. The distribution of CAP
scores at Time 1 and Time 2 are shown in Figure 2. Also, the
motor-manifest HD gene expansion carriers scored signifi-
cantly different from the premanifest HD gene expansion car-
riers and the controls on almost all cognitive measures both at
Time 1 and Time 2.

Table 2 presents a correlation matrix between the cogni-
tive measures and the UHDRS-TFC at Time 1 and Time 2.
Interestingly, the UHDRS-TFC was only significantly corre-
lated with the EH at Time 2, and not with any social cogni-
tive task at Time 1. Contrarily, the UHDRS-TFC was

Included for
analysis at Time 1
N=98

I_J

%

Premanifest HD Gene
Expansion Carriers

Motor-manifest HD Gene
Expansion Carriers

N =50 N =48
Excluded Excluded
N=3 N=12 N=6
Dead . B Dead
N=1 N =34 N =34 N=8
Y Y
Premanifest HD Gene Motor-manifest HD Gene
Expansion Carriers Expansion Carriers
N =34 N =46
Included for
analysis at Time 2
N=80

Figure 1. Diagram of participants included for analysis and classified as premanifest or motor-manifest HD gene expansion carriers at Time 1 and Time 2.

HD = Huntington'’s Disease; N = Total number of participants.
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significantly associated with several executive tasks both at
Time 1 and Time 2. Several significant correlations were
found between social cognitive tests and executive tests at
Time 1 and at Time 2.

Approximately one third of the HD gene expansion car-
riers were impaired on each of the social cognitive tests
according to the defined criteria (see Table 3). When com-
bining their performance on the domain of social cognition,
51% of the HD gene expansion carriers were impaired on
one or more of the social cognitive tests. More than half of
the participants had reduced scores on two or more of the
executive tests, classifying them as impaired on execu-
tive functions.

Although the frequencies of participants who were
impaired on social cognition and executive functions were
almost equal, the participants who were impaired on each of
the domains were not necessarily the same participants.
Thus, we examined if there was a significant difference
between the HD gene expansion carriers who were impaired
on social cognition compared to executive functions (see
Figure 3). The HD gene expansion carriers who were classi-
fied as impaired on social cognition were significantly differ-
ent from the HD gene expansion carriers classified as
impaired on executive functions (Chi> = 29.854, p < .001).

Disease burden scores at Time 1 and Time 2

800; : ° o Premanifest

]

: e Motor-Manifest
6004 '
g '
$ g !
J [}
g 0 g o
R B
[}
2001 ]
fapo TR |
[}
]

Time1  Time 2 Time1  Time 2

HD gene expansion carriers
Figure 2. Scatter Dot Plot showing the distribution of CAP scores in premani-

fest and motor-manifest HD gene expansion carriers at Time 1 and Time 2. The
bars represent the mean value of the group.

Decline in the UHDRS-TFC score

We used a ATFC score to indicate the difference in UHDRS-
TFC score across the six years follow-up interval, with a
higher score representing a larger decline in UHDRS-TFC
score at Time 2, compared to Time 1. The UHDRS-TFC
score had on average decreased by 2.3 points for the motor-
manifest group at Time 2 (X = 2.3, SD = 2.2). For the pre-
manifest group at Time 2, the UHDRS-TFC score had
decreased by 0.1 point (x = 0.1, SD = 0.5).

We examined whether one or both cognitive domains
could predict the decline in UHDRS-TFC across the follow-
up period, using the ATFC score. In a multiple stepwise
regression model, with the two categorical cognitive varia-
bles (describing the impairments on the cognitive domains)
as independent variables together with age at Time 1,
UHDRS-TMS at Time 1, and the HAM-17 score at Time 1,
the UHDRS-TMS and impairments on social cognition were
significant predictors of the decline in UHDRS-TFC score
(see Table 4). When the participants were impaired on social
cognitive functions, the difference between their UHDRS-
TEC score at Time 1 and Time 2 were 1.073 higher, than
when the participants were not impaired on social cognition.
This model explained 32% of the total variance.

In a second regression model, we examined which social
cognitive functions could predict the decline in the UHDRS-
TEC, using the ATFC. We entered the performance scores
from the three social cognitive tasks at Time 1 as independ-
ent variables into a new multiple stepwise regression model,
with age at Time 1, UHDRS-TMS at Time 1, and the HAM-

Table 3. The percentage of participants classified as impaired on each of the
social cognitive tasks and frequency of impairment on the domains; social
cognition and executive functions for all HD Gene Expansion Carriers (N =98)
at Time 1.

TASIT Executive
RMET EH SI-M Social cognition functions
Impairment
Yes 29% 38% 28% 51%* 55%
No 71% 62% 72% 49% 45%
Total 100% 100% 100% 100% 100%

Note. * Statistically significantly different from Executive Functions (p < .05).

EH = Emotion Hexagon test; HD = Huntington’s Disease; N =Total number of
participants; RMET =Reading the Mind in the Eyes test; SI-M=Social
Inference-Minimal; TASIT = The Awareness of Social Inference test.

Table 2. Correlation matrix on the Social Cognitive and Executive tasks and the UHDRS-TFC for the motor-manifest HD Gene Expansion Carriers.

1. 22 32 42 5. 6. 7° 8. 9. 10
1. UHDRS-TFC 25 A6* 18 61FF -.53*% -.39% 56* A46* .53%
2. RMET score .06 J9** 63%* .58* -57* —.69%* AT* Wik A46*
3. EH score .06 AT* 54% 60* -.58%* -.52% AT* .58* A5*
4. TASIT SI-M score .01 A9** A43* 52% -.59% - 49% 56* A46* .28
5. SDMT score 37* 38% 56%* A46* -.87%* -.80%* 83** T4%* 65%*
6. TMT B score -33* —-57%* —-.56%* -41%* - 77** 76%* —75%* -.66%* -.54%
7. Stroop Interference score -17 -.40* -.38* —.54%* —72%* 647%* -.83%* -.88%* -.55%
8. Lexical Fluency (FAS) score .19 AT* A40%* 31%* A7* —53%* —.59%* 85%* 59%
9. Alternating Fluency (K-B) score 25 38* 24 .07 42% —-A47* —.55%* 69%* 69%*
10. Alternating Fluency (Food-D) score .20 22 30* 25 37* -31* —.55%% 56%* 56%*

Note. Correlations below the dotted line is from Time 1 (N=48) and correlations above the dotted line is from Time 2 (N=32). * Statistically significant at the

level of p < .05. **Statistically significant at the level of p < .001.

EH =Emotional Hexagon; RMET =Reading the Minds in the Eyes test; SDMT=Symbol Digit Modality Test; SI-M =Social Inference Minimal; TASIT=The
Awareness of Social Inference test; TMT: Trail Making Test; UHDRS-TFC = Unified Huntington Disease Rating Scale — Total Functional Capacity.
?Data missing from 5 motor-manifest HD gene expansion carriers at Time 2. PData missing from one motor-manifest HD gene expansion carrier at Time 2. “Data

missing from three motor-manifest HD gene expansion carriers at Time 2.
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Figure 3. Venn Diagram describing the distribution of the HD gene expansion
carriers who were impaired on the two cognitive domains (frequency in per-
centage presented). Note that 35.7% of the HD gene expansion carriers were
not impaired on any cognitive domain (not presented in the figure). SC = Social
cognition; EF = Executive functions.

Table 4. Model parameter estimates from the two multiple stepwise regres-
sion models with the ATFC as outcome variable for all HD gene expan-
sion carriers.

Std. R?
Variables in the model b Error Change p-level
Model 1*  Constant 0219 0.269 417
UHDRS-TMS 0.075 0.025 275 .004
Impairment of social cognition ~ 1.075 0.483  .044 029
Model 2**  Constant 3.864 1.428 .008
UHDRS-TMS 0.073 0.025 275 .004

Emotion Hexagon -0.181 0.074  .053 016

Note. * R* = .319. ** R* = .328.
TFC=Total Functional Capacity; HD =Huntington’s Disease; TMS=Total
Motor Score; UHDRS = Unified Huntington’s Disease Rating Scale.

17 score at Time 1 as confounding variables and the ATFC
as the dependent variable. In this model, the UHDRS-TMS
and the EH test significantly predicted the decline in
UHDRS-TEC score and could explain 33% of the
total variance. A lower performance on the EH test at Time
1, was associated with a larger decline in the UHDRS-TFC
score across the follow-up period, corresponding to a differ-
ence of 0.18 points on the TFC scale for each lost point on
the EH test.

Discussion

In this follow-up study we investigated whether the initial
performance on one or both of two cognitive domains;
social cognition and executive functions could predict the
decline in UHDRS-TFC in a large sample of premanifest
and motor-manifest HD gene expansion carriers during a
6-year follow-up period. A new methodological approach
was used, where we applied a comprehensive battery of
neuropsychological tests and categorized impairments based
on regression-based normative data from healthy controls.
With this method, each domain incorporated several tests
on different functions and relevant background variables
were corrected for when classifying impairments. The
domain of social cognition included tests on emotion recog-
nition and theory of mind (including a test of sarcasm
detection). Thus, while using the power of an entire domain
instead of single tests to predict the decline in UHDRS-TFC

APPLIED NEUROPSYCHOLOGY: ADULT ‘ 7

score, the social cognitive domain in this study also incorpo-
rated sarcasm detection as a theory of mind task, which is
not traditionally assessed in HD studies (Bora et al., 2016;
Snowden, 2017).

We aimed to address the debate concerning an associ-
ation between social cognition and executive functions, by
investigating if the participants who were impaired on the
domains social cognition and executive functions were differ-
ent. The results showed that the participants classified as
impaired on social cognition were significantly different from
the participants impaired on executive functions, meaning
that the participants who were classified as impaired on
social cognition were not the same participants as the ones
who were categorized as impaired on executive functions. It
can be discussed whether this difference illustrate a genuine
endophenotypic difference between patients, where some
patients are more affected by social cognitive dysfunction
than others, or whether it is a question of differences in dis-
ease course. However, the result is in accordance with
results from previous studies (Eddy & Rickards, 2015b,
2015c¢), where impairments on tasks of theory of mind were
found independently of executive dysfunction in HD. Yet, in
other studies, significant correlations between tasks of theory
of mind and executive functions have been demonstrated
(Allain et al., 2011; Briine et al., 2011; Eddy et al, 2014).
The previous studies have primarily measured social cogni-
tive functions and executive functions with single tests and
have not taken the multifaceted nature of the constructs
into account (as pointed out by Aboulafia-Brakha et al.
(2011)). In this study, we incorporated several tests into
each domain to account for the multifaceted constructs and
to examine the abilities of individuals with HD, instead of
examining associations between isolated test performances.
Although several social cognitive and executive tasks were
significantly associated, the present results also showed a sig-
nificant difference between the domains executive functions
and social cognition indicating that social cognition includes
unique and separate functions in HD, which cannot solely
be accounted for by the executive dysfunction found in this
patient group.

Importantly, this result was not simply a consequence of
the participants being very impaired on executive functions
at Time 1. As presented in Table 2, the frequency of impair-
ments was equally large on executive functions and social
cognition at Time 1.

The decline in UHDRS-TFC score across the 6years
follow-up interval in the present study was significantly
predicted by impairments of social cognition and the
UHDRS-TMS at Time 1. This result was of clinical interest,
as it could help inform the clinician on the patient’s course
of disease, when social cognitive impairments are present.
When constructing the model, we entered age, HAM-17 and
UHDRS-TMS at Time 1, along with the two categorical cog-
nitive domains. Even when taking these measures into
account, only the UHDRS-TMS and the impairments of
social cognition could explain the decrease in the UHDRS-
TFC score. Neither age nor depression at Time 1 predicted
the decline in UHDRS-TFC score significantly, when
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impairments of social cognition and UHDRS-TMS were
entered into the model. Also, while executive dysfunction
naturally will affect the functional capacity and abilities of
daily living in HD gene expansion carriers, this cognitive
domain could not be used to predict the progression of
functional symptoms over time, as it was not included in
the regression model. In contrast, the unique and separate
functions in the domain of social cognition did contribute
significantly to the prediction of the progression of func-
tional symptoms.

It has previously been shown that functional decline is
associated with motor symptoms (Beglinger et al, 2010;
Tabrizi et al., 2013), but only few studies have investigated
the association between functional capacity and social cogni-
tive functions in HD (Briine et al, 2011; Eddy et al, 2014;
Ille et al., 2011; Tabrizi et al., 2013). Ille et al. (2011) found a
significant association between functional capacity and recog-
nition of happiness and surprise. In the TRACK-HD study,
functional capacity was significantly associated with anger,
disgust and surprise, but no significant association was found
with the total emotion recognition score (Tabrizi et al,
2013). Eddy et al. (2014) found a significant correlation
between total functional capacity and the RMET, as well as
the faux pas task. In contrast, Briine et al. (2011) did not
report a significant correlation between theory of mind and
UHDRS-TFC. The present study shows the predictive power
of social cognition as an entire domain for functional decline.
A considerable strength of the results was the outcome vari-
able, with a 6years long follow-up interval, substantially lon-
ger than compared to previous longitudinal studies in
motor-manifest HD gene expansion carriers (Schobel et al.,
2017; Tabrizi et al, 2013). The association may be caused by
the involvement of social cognitive functions in several activ-
ities of daily living (e.g. reliance on social relations, commu-
nication, and self-regulation). On average, the UHDRS-TFC
score was decreased by 2.3 points in motor-manifest HD
gene expansion carriers over 6years of follow-up (despite
wide variability). In contrast, the premanifest HD gene
expansion carriers, who remained in the premanifest stage of
disease, did not decrease considerably in functional capacity.
These results deviates from the large-scale TRACK-HD
cohort study, where premanifest and motor-manifest partici-
pants were followed-up for up to 36 months (Tabrizi et al.,
2013). Their results revealed that diagnosed (motor-manifest)
participants decreased annually in UHDRS-TFC score by
0.14 points (after adjusting for CAG repeat length and age),
corresponding to 0.84 after 6years. This is considerably
lower than our result, but while we included 46 participants
in the motor-manifest group, only 19 participants were
included in the diagnosed group of TRACK-HD at
36 months of follow-up (Tabrizi et al., 2013).

When the single tests in the domain of social cognition
were investigated, we found the EH task to be the only sig-
nificant predictor of the decline in UHDRS-TFC score,
together with the UHDRS-TMS. This was a somewhat sur-
prising finding, considering that the motor-manifest HD
gene expansion carriers scored significantly lower than the
premanifest HD gene expansion carriers and the controls on

the other social cognitive tests as well (see Table 1). Thus,
theory of mind could not contribute to the prediction of the
decline in UHDRS-TFC. Previous studies have found vari-
ability in associations between social cognitive impairments
and functional capacities, particularly when examining the-
ory of mind (Briine et al., 2011; Eddy et al., 2014; Ille et al,,
2011; Tabrizi et al., 2013). Proposedly, these inconsistencies
might be a result of the tests used in the study. While
RMET is often used as a theory of mind task, it has been
argued that RMET draws on emotion recognition abilities to
a larger degree (Oakley et al., 2016). Thus, while theory of
mind might be associated with functional capacities, abilities
used in the RMET task might not be. Moreover, it seems
that emotion recognition affects functional capacities to a
higher degree than other social functions, even functions
involved in perceiving tone of voice and body language as
in the sarcasm detection task. Similar results were found by
Ille et al. (2011) and Tabrizi et al. (2013). Impairments on
tasks of emotion recognition, specifically negative emotions,
have continuously been demonstrated in HD gene expansion
carriers (Bora et al.,, 2016; Henley et al., 2008, 2012; Paulsen,
2011; Snowden, 2017), but discussions concerning when
these impairments arise and whether performance on tasks
examining these functions are affected by executive dysfunc-
tion persists.

In the present study, it was not investigated whether the
changes in social cognition and executive functions could lead
to changes in UHDRS-TFC. Instead, this study focused on the
clinical relevance of the initial cognitive performance on the
course of disease. Investigating the longitudinal changes in
cognitive functions could have contributed with relevant infor-
mation on the disease progression and associations between
the impairments in different cognitive domains across time.
However, this was not an aim of the present study.

The functional abilities of the HD gene expansion carriers
were only examined with one measure (the UHDRS-TEC
scale). While we believe that the UHDRS-TFC is a sound
measure, it would be interesting to examine, if the same
results could be found with other measures of functional
abilities. Another widely used assessment of functional abil-
ities in HD is the UHDRS-Functional Assessment Scale
(Huntington’s Study Group, 1996; Mestre et al, 2018),
which is considered an extension to the UHDRS-TFC scale.
The UHDRS-Functional Assessment Scale would have been
a relevant additional measure in the present study (but was
not applied at Time 1).

There are other limitations in this study that needs men-
tioning. First, the criteria for being categorized as impaired
varied across the two domains. Where impairment on social
cognition only required one impaired test performance,
impairment on executive functions was based on two
impaired test performances. These criteria were essentially
methodological decisions that were based on clinical experi-
ence and theoretical discussions. However, these methodo-
logical decisions created potential confounding bias in our
results, which means that the results should be interpreted
with caution. Second, as this study was a follow up study
there is a potential bias from practice effects, when



participants are examined with the same neuropsychological
tests within a period. The tests used in the present study
also had some overlap with the tests used in the ENROLL-
HD battery, which makes the discussion of practice effects
highly relevant. However, as our main result was based on
the results from Time 1 only, we do not believe this bias to
have affected our results to a larger degree than in other
studies, where tests from the ENROLL-HD battery are
included. Third, our control group consisted of gene-
negative family members. We included these individuals to
control for psychosocial and environmental factors, which
we believe were very important in the present study.
However, the use of this control group instead of unrelated
individuals do mean that comparisons with the general
population and other control groups are more difficult.
Finally, it should be mentioned that the follow-up time for
the participants varied between 4 and 7years. This interval
includes a rather big difference, specifically when the partici-
pants have a neurodegenerative disease as in the present
study and this could have affected the results.

Conclusively, this study found that the decline in UHDRS-
TFC scores over 6years of follow-up in a large group of pre-
manifest and motor-manifest participants were predicted by
impairments of social cognition and the UHDRS-TMS at their
initial examination. The EH test and the UHDRS-TMS at
Time 1 were the only significant predictors of the decline in
UHDRS-TEC, when all social cognitive tests were entered a
multiple stepwise regression model. Moreover, impairments of
executive function could not explain the decline in UHDRS-
TFC when impairments of social cognition were assessed,
although several executive tasks were significantly correlated
with the UHDRS-TFC. Thus, social cognitive impairments—
specifically emotion recognition—can have a significant impact
on the functional decline in HD. This result emphasizes the
importance of regular assessment of social cognitive dysfunc-
tion in HD and the predictive value of social cognitive impair-
ments for the progression of disease.
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Abstract.

Background: Autonomy describes a psychological state of self-regulation of motivation and action, which is a central
characteristic of healthy functioning. In neurodegenerative diseases measures of self-perception have been found to be
affected by the disease. However, it has never-been investigated whether measures of self-perception, like autonomy, is
affected in Huntington’s disease.

Objective: We investigated whether autonemy is affected in Huntington’s disease and if the degree of autonomy is associated
with motor function, neuropsychiatric symptoms, cognitive impairments, and apathy.

Methods: We included 44 premanifest.and motor-manifest Huntington’s disease gene expansion carriers and 19 controls.
Autonomy was examined using/two self-report questionnaires, the Autonomy-Connectedness Scale-30 and the Index of
Autonomous Functioning. All participants were examined according to motor function, cognitive impairments, and neu-
ropsychiatric symptoms, including apathy.

Results: Statistically significant differences were found between motor-manifest Huntington’s disease gene expansion carriers
and premanifest Huntington’s disease gene expansion carriers or controls on two measures of autonomy. Between 25-38%
of motor-manifest Huntington’s disease gene expansion carriers scored significantly below the normal level on subscales
of autonomy as compared to controls. One autonomy subscale was associated with apathy (r=-0.65), but not with other
symptoms of Huntington’s disease.

Conclusion: Thisstudy provides evidence for impaired autonomy in individuals with Huntington’s disease and an association
between autonomy and apathy. The results underline the importance of maintaining patient autonomy and involvement in
care throughout the disease.

Keywords: Apathy, autonomy, Huntington’s disease, neuropsychiatric symptoms, self-perception
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higher degree of well-being and satisfaction of basic
psychological needs [1, 2]. Individuals experienc-
ing a high degree of autonomous behavior perform
actions in agreement with their inner values and inter-
ests [1]. Conversely, individuals with a low degree
of autonomy have a higher risk of developing psy-
chopathology like depression and anxiety.

Multiple approaches to the theoretical definition
and conceptualization of autonomy are proposed;
however, autonomy as a construct is still not well-
defined. In a review on existing psychological
theories on the definition of autonomy, Hmel &
Pincus [3] described three core aspects of auton-
omy: autonomy as self-governance, autonomy as
separation, and autonomy as vulnerability. Auton-
omy as self-governance implies self-regulation and
self-ruling while being in meaningful relations and
interactions with others. The aspect of autonomy as
separation implies separation of self from others and
the need to act independently. Finally, autonomy as
vulnerability implies a cognitive vulnerability associ-
ated with the clinical aspects of depression. Although
the three core aspects were confirmed in their struc-
tural analysis of 15 self-report scales, Hmel & Pincus
[3] argued that autonomy as vulnerability did not
include the essential element of “agency” and-thus,
could not constitute a core aspect of autonomy. Irre-
spectively, autonomy has been linked to/depression
and also anxiety in several studies [4-7], but disagree-
ment exists as to the degree and types of autonomy
that are predictive of psychiatric illnesses.

Huntington’s disease (HD)'is an autosomal dom-
inantly inherited neurodegenerative disease that is
characterized by a triadof symptoms, with increasing
motor, cognitive, and neuropsychiatric impairments
[8, 9]. Among themmost prominent symptoms are
chorea, dystonia and bradykinesia, psychomotor
slowing, executive and social dysfunctions, as well
as neuropsychiatric symptoms like depression and
anxiety [9-11]. In time, the daily functioning of
individuals with HD will be affected by the motor,
cognitive, and neuropsychiatric symptoms, to such
a degree where individuals need assistance in basic
activities of daily living. These symptoms might
cause diminished feelings of competence and inner
resources, thereby repressing self-regulated actions
and motivations. To our knowledge, no study has
examined to which degree the symptoms might affect
the self-perception of individuals with HD. Specif-
ically, if these symptoms repress the autonomy of
HD gene expansion carriers, to a degree that may
decrease their perceived self-regulation. Such stud-

ies could contribute with information on a person’s
ability to cope with their disease, to preserve social
relationships, and to make important life decisions
and decisions of care [12, 13].

We investigated autonomy (defined as self-
governance) in HD gene expansion carriers with an
explorative study design. Since autonomy is often
perceived as a stable personality trait in adults, it
could be hypothesized that autonomy would not
decrease with disease progression in"HD. However,
recent studies have found that the perception of self
and identity is negatively affected by dementia [12,
14]. Thus, other neurodegenerative diseases might
also affect the feelings of self and.identity. The objec-
tive of this study was to investigate if the autonomy of
individuals with HD.were affected, and if there was a
difference in degree of autonomy in premanifest and
motor-manifest HD gene expansion carriers, using
two self-report questionnaires on autonomy. Also,
we examined the associations between symptoms
of HD and autonomy and investigated if individu-
als with.a low degree of autonomy had a higher risk
of experiencing motor disturbances, neuropsychiatric
symptoms, cognitive decline, or symptoms of apathy.

MATERIALS AND METHODS
Farticipants

The participants were 44 HD gene expansion
carriers enrolled from the Neurogenetics Clinic,
Danish Dementia Research Centre, Rigshospitalet
- Blegdamsvej, Copenhagen, Denmark from year
2020-2021. All participants had previously partici-
pated in a prospective cohort study on HD at our clinic
[15, 16] and were invited to participate in the current
study when attending their regular assessment in the
clinic. The participants were included based on the
following criteria: a Unified Huntington’s Disease
Rating Scale-99 total motor score (UHDRS-TMS)
<55[17], aMontreal Cognitive Assessment (MoCA)
score >19 [18], a Mini-Mental State Examination
(MMSE) score >24 [19], and a CAG repeat length
>39. Exclusion criteria were other neurological dis-
ease, ongoing alcohol- or drug abuse, or a native
language other than Danish.

A classification as motor-manifest HD gene expan-
sion carrier was given if the participants had an
UHDRS-TMS>5. Contrarily, participants were clas-
sified as premanifest HD gene expansion carriers if
they presented without substantial motor symptoms
and had an UHDRS-TMS <S5. This cut-off on the
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UHDRS-TMS scale has previously been applied in
the TRACK-HD study [20].

A control group of 19 at-risk individuals who had
tested negative for the HD gene expansion (a CAG
repeat length <30) was also included. This group was
used to match the gene expansion carriers concerning
the environmental and psychosocial factors that could
have an impact on the results.

All participants had received genetic counselling
and were informed of their genetic status prior to and
independently from enrolment in this study.

Procedure and instruments

The study was approved by the Ethics Committee
of the Capital Region of Denmark (H-17002606) and
performed in accordance with the ethical standards of
the Helsinki Declaration. Written informed consent
was obtained from all participants before enrolment
in the study. The participants had one visit in our
clinic, where both the regular assessment and the
neuropsychological assessment were performed.

Neuropsychological assessment

Participants were examined with a neuropsycho-
logical battery on self-perception and /autonomy.
Self-perception was assessed using a . modified
version of the Twenty Statements test [21], the'Self-
identity in Dementia Questionnaire<[12],7and the
Tennessee Self-Concept Scale, Identity.Component
[22]. Here, we report only on_the“autonomy scales
(please see descriptiondn the following).

During the assessment,participants were assessed
with instruments=on neuropsychiatric symptoms,
cognitive status, and symptoms of apathy. The neu-
ropsychiatric. symptoms were examined using the
Hamilton Depression Scale (HAM-17) [23] and the
Symptom, Checklist-90 Revised (SCL-90-R) [24].
The HAM-17 is a semi-structured interview on
depression and depressive symptoms [23]. It con-
tains 17 items, that are scored on either a 5-point
scale (0—4) or a 3-point scale (0-2), where “0” indi-
cates that the symptom is not present, and a higher
score indicates increased severity of the symptom.
The SCL-90-R is a self-report inventory with 90 items
that assesses the status of one’s psychological dis-
tress within the previous seven days [24]. Each item
reflects one psychological symptom, and the partic-
ipant must answer on a 5-point Likert scale ranging
from 1 “not at all” to 5 “extremely” distressing. The

raw scores were converted to T scores, normalized
to a sample of nonpsychiatric Danish participants,
sorted by gender [25]. Nine symptom dimensions and
three global indexes are described by the SCL-90-R.
Here, we used the Global Severity Index (GSI) and
the dimensions Depression and Anxiety of the SCL-
90-R, to describe the neuropsychiatric status of the
participants.

Cognitive symptoms were assessed with the short
screening test MoCA [18]. Apathy was. examined
using the Lille Apathy Rating Scale (LARS) [26],
a standardized structured interview. on. symptoms
of apathy. The LARS contains 33)items divided
into 9 domains. The first'three items are scored on
a 5-point Likert scale, while item 4-33 are posi-
tively worded questions; that are answered by yes/no
answers (binary scale, with an additional NA for
non-applicable items). LARS yields a global score
and four subscale scores (Intellectual Curiosity, Emo-
tion, Actionnitiation, and Self Awareness), where a
higher score indicates a higher degree of apathy. The
LARShas previously been used for examining apathy
inHD [27].

Assessment of autonomy

Autonomy was assessed using two self-report
questionnaires: the Autonomy-Connectedness Scale
(ACS-30) [28] and the Index of Autonomous Func-
tioning (IAF) [29]. Both scales were translated to
Danish agreed upon with the authors of the original
scales.

The ACS-30 scale is a self-report questionnaire on
autonomy [28]. It was developed as a shorter version
of the Autonomy scale [30], with a theoretical back-
ground that draws on elements from feminist theory,
neo-analytical object relations theory, and attachment
theory, and describes autonomy as self-governance
[3]. The scale was developed for healthy subjects and
has to our knowledge not previously been used in
patients with neurological disorders. In the ACS-30,
autonomy and connectedness is not seen as oppo-
sites on a dimension, but focuses on the subject as
autonomous while being connected to others [28].

The ACS-30 consists of 30 questions that partici-
pants must answer on a 5-point Likert scale, ranging
from 1 (disagree) to 5 (agree). It has a three-factor
structure, where autonomy is described through
three subscales: Sensitivity to Others (Sensitivity —
17 items), Capacity for Managing New Situations
(Capacity — 6 items), and Self-Awareness (Self-
Awareness — 7 items). Capacity does not describe
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elements of self-governance, but was included
because the authors found it to be a clinical relevant
aspect of autonomy [28]. A higher score on each of
the three subscales represents a higher degree of the
trait in that subscale.

A difference between the sexes on the Sensitiv-
ity subscale, where women scored higher than men,
corresponded to a large effect when examined in the
original study [28]. The authors argue that this sex
difference support the relevance of connectedness as
acharacteristic of female identity, and thus, underline
the idea that connectedness is an inseparable aspect
of autonomy.

The ACS-30 has been found to be a reliable
instrument with sufficient convergent validity. In the
Bekker & van Assen [28] study, Cronbach’s alpha
was reported to be 0.83, 0.82 and 0.81 for Sensitivity,
Capacity, and Self-Awareness, respectively. Moder-
ate correlation coefficients were found between the
three subscales on the ACS-30 and the Occupational
Self-Efficacy scale [31], the Symptom Checklist-
90 [32], and Becks Depression Inventory [33]. The
authors argued that these results represented initial
support for the validity of the ACS-30 and that the
moderate correlation coefficients indicated that there
was no contamination by the clinical measures{28].

The IAF is a self-reported questionnaire on auton-
omy, that was developed for healthy individuals
with a theoretical background in self-determination
theory [29]. Self-determination theorys places the
definition of autonomy within the core aspect
of self-governance [2, 3]. According.to the self-
determination theory, autonomy iS described as an
inner self-regulation of behavior; where an individual
with a high degree of autonomous behavior perceive
their actions as_.congruent with their self, and this
is most often associated with positive outcomes like
well-being.and improved performance [1, 2].

The IAF includes 15 questions, which partici-
pants must answer on a 5-point Likert scale, ranging
from 1 (notvat all true) to 5 (completely true).
Like the ACS-30, the IAF was also developed with
a three-factor structure and consisted of the three
subscales: Authorship/Self-congruence (5 items),
Interest-taking (5 items), and Susceptibility to control
(5 items). Based on the method from the origi-
nal study [29], a total score was calculated, as the
summed score of Authorship/Self-congruence and
Interest-taking, subtracted the score of Susceptibility
to control (Total IAF = Author + Interest— Control). A
higher total score indicates a higher degree of auton-
omy.

In the original paper, the IAF was validated through
several studies, that placed the IAF in a nomologi-
cal net, where both convergent and divergent validity
were examined with satisfactory results [29]. The
IAF had meaningful correlations to measures of per-
sonality characteristics, satisfaction, and well-being
outcomes, as well as other instruments that examined
autonomy, like the Emotional Autonomy scale [34]
and the General Causality Orientation Scale [35]. The
internal reliability was examined through seven stud-
ies, with Cronbach’s alpha levels between 0.81-0.83
for the Total IAF score [29]. Test-retest reliability was
examined over a 6-month period and results showed
high consistency acrosstime,(ICC =0.86, p <0.001).
The IAF has previously been applied in a sample of
patients with multiple sclerosis [36].

Statistical analyses

Group comparisons between the motor-manifest
HD gene expansion carriers, the premanifest HD gene
expansion carriers, and controls on the demographic
variables and the basic clinical variables were per-
formed using one-way analysis of variance (ANOVA)
or.the Kruskal Wallis test when the assumption of
homogeneity of variances was not met. Post hoc com-
parisons were performed using Dunnett’s #-test or
pairwise comparisons. The same method was used
for group comparisons of the autonomy performance
scores.

Correlation analyses were applied to test the level
of significance of the associations between variables
with Pearson’s r or Spearman’s rho (for skewed dis-
tributions). To examine the associations between the
basic clinical variables and autonomy in participants
with a very low degree of autonomy, we calculated
a 10th percentile cut-off score on the ACS-30 sub-
scales and the Total IAF score based on the scores
of the controls. The association analyses were per-
formed in the group of motor-manifest HD gene
expansion carriers with a low degree of autonomy or
the entire group of motor-manifest HD gene expan-
sion carriers depending on the number classified as
below the 10th percentile cut-off score. The basic
clinical information that was examined included the
neuropsychiatric scale scores (the HAM-17 and the
SCL-90-R GSI, Depression, and Anxiety), a motor
score (the UHDRS-TMS), an apathy score (the global
LARS), and a cognitive screening test (the MoCA).

For all analyses the Bonferroni-Holm correction
was used to adjust the level of significance when
multiple comparisons were performed. The alpha
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level for significance was p < 0.05 (two-tailed signif-
icance).

RESULTS

Table 1 shows the demographic data and basic
clinical information (the HAM-17, the SCL-90-R
GSI, Depression, and Anxiety, the UHDRS-TMS,
the global LARS, and the MoCA) on the HD gene
expansion carriers and the controls. No significant
difference in educational level or on the HAM-
17 scale were found. The motor-manifest HD gene

Table 1
Demographic data and basic clinical information on the HD gene
expansion carriers and the controls. Results are presented as mean
(SD), unless otherwise noted

HD gene expansion carriers ~ Controls
Premanifest Motor-
HD Manifest
HD

N 20 24 19
Sex (M/F) 11/9 17/7* 7/12
Age 39.1 (9.3 543117 T  527(12.3)
Educational Level 14.4 (1.7) 13.6 (1.9) 14.7 (1.9)
UHDRS-TMS 1.7(1.3) 23.6 (13.5)* 1.6 (1¢7)
HAM-17 2.5(1.9) 3.4(2.8) 3.02.5)
SCL-90-R GSI 40.0 (8.0) 51.5(9.3) T 41.8(10.5)
SCL-90-R Depression 42.9 (7.1) 50.9 (7.7) *F 4 43.5(8.1)
SCL-90-R Anxiety  40.9 (7.0) 51.4(92) T 42.0@1)
MoCA 28.5(1.8) 26.1 (2:6)*1 28.4 (2.0)
Global LARS 267 (44) -232(5.85h -—27.4(2.5)

*Statistically significant difference from. the controls (p <0.05).
IStatistically significant difference from the premanifest HD gene
expansion carriers (p<0.05). F, female; ‘GSIL- Global Severity
Index; HAM-17, Hamilton Depression Scale; HD, Huntington’s
Disease; LARS, Lille Apathy Rating Scale; M, Male; MoCA, Mon-
treal Cognitive Assessment; Nynumber of participants; SCL-90-R,
Symptom Checklist=90 Revised; SD, standard deviation; TMS,
Total Motor Score; UHDRS, Unified Huntington’s Disease Rating
Scale.

Table 2

expansion carriers differed significantly from the
other groups on almost all other measures (except
for the educational level, the HAM-17 score, and age
for the controls). The premanifest HD gene expansion
carriers were significantly younger than the controls
but did not differ significantly from controls on any
other measure.

Table 2 presents the scores on the ACS-30 and
the IAF as divided by groups. The premanifest and
motor-manifest HD gene expansion.carriers differed
significantly on the Total IAF score’(the motor-
manifest participant scored significantly.lower than
the premanifest HD gene expansion carriers). The
motor-manifest HD geneexpansion.€arriers had sig-
nificantly lower scores than the controls on the
ACS-30 Capacity.subscale, whereas the premanifest
group did not differ significantly from the controls on
any measure.of autonomy.

The motor-manifest participants were classified
as below the 10th percentile cut-off or not on the
ACS-30 subscales and the Total IAF score. Table 3
shows the number and percentages of motor-manifest
HD gene expansion carriers classified as having a
low degree of autonomy when using the 10th per-
centile cut-off (a less conservative cut-off) compared
to the Sth percentile cut-off which corresponds to
the normally used 2 SD below the mean. Six motor-
manifest HD gene expansion carriers (25%) scored
below the 10th percentile the ACS-30 Sensitivity
subscale. These individuals had a low degree of sen-
sitivity to others and a low degree of autonomy.
When examining if ACS-30 Sensitivity was associ-
ated with scores on the basic clinical variables, no
significant correlations were found. Eight persons
(33%) of the motor-manifest HD gene expansion
carrier group, scored below the 10th percentile on
the ACS-30 Capacity subscale, suggesting a low

Scores on the ACS-30 and the IAF for all HD gene expansion carriers and the controls. Scores are
reported as mean (SD)

HD Gene Expansion Carriers Controls
Premanifest HD Motor-Manifest HD

N 20 24 19
ACS-30

ACS-30 Sensitivity 54.9 (8.7) 56.8 (7.5) 57.1(5.4)

ACS-30 Capacity 21.0 (5.6) 19.4 (5.7)* 23.2(3.9)

ACS-30 Self-Awareness 27.0 (5.3) 25.1(5.6) 26.8 (3.1)
1IAF

Total Score 28.3 (3.5) 24.5 (6.5)f 26.5 (4.5)

*Statistically significant difference from the controls (p <0.05). *Statistically significant difference from
the premanifest HD gene expansion carriers (p <0.05). ACS-30, Autonomy-Connectedness Scale; HD,
Huntington’s disease; IAF, Index of Autonomous Functioning; N, number of participants.
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Table 3
Frequency of the motor-manifest HD gene expansion carriers clas-
sified as below the cut-off when using the 10th percentile and Sth
percentile cut-off scores

Cut-off
10th percentile Sth percentile

IAF

Total 2 (8 %) 2 (8 %)
ACS-30

Sensitivity 6 (25 %) 14 %)

Capacity 8 (33 %) 6 (25 %)

Self-Awareness 9 (38 %) 8 (33 %)

Frequency is reported as N (%). ACS-30, Autonomy-
Connectedness Scale; HD, Huntington’s disease; IAF, Index of
Autonomous Functioning; N, number of participants.

degree of capacity for managing new situations and
therefore a low degree of autonomy. A significant
negative correlation between the global LARS score
and the ACS-30 Capacity score was found in the
entire group of motor-manifest HD gene expansion
carriers (r=-0.65, p=0.001), indicating that par-
ticipants with a high capacity for managing new
situations have alow degree of apathy. On the ACS-30
Self-Awareness subscale, 9 motor-manifest HD gene
expansion carriers (38%) scored below the 10th per-
centile, suggesting alow degree of self-awareness and
alow degree of autonomy. No significant correlations
were found between the ACS-30 Self-Awareness sub-
scale and the basic clinical variables.in ‘this group.
For the Total IAF score, only two motor-manifest
HD gene expansion carriers scored, below the 10th
percentile, and consequently, 110 association analyses
were applied. There were no significantly correlated
association between the'basic clinical variables and
the Total IAF score when examined in the entire group
of the motor-manifest HD gene expansion carriers.
Figure 1 illustrates the distribution of scores on
the Total IAF, the ACS-30 Capacity subscale, and
the Global LARS inthe three groups. As can be seen
the motor-manifest HD gene expansion carriers had a
higher dispersion of scores on all measures. Although

the scores differ significantly from the premanifest
HD gene expansion carriers on the Total IAF, the
controls on the ACS-30 Capacity subscale, and both
groups on the Global LARS, there was an overlap
between the scores of the three groups.

A significant correlation between the ACS-30 Self-
Awareness subscale and the Total IAF score was
found for the motor-manifest HD gene expansion
carriers (tho=0.48, p=0.019). The other ACS-30
subscales did not correlate significantly with the Total
IAF score.

DISCUSSION

This study was the first study to investigate if the
perception of autonomy is affected in HD. By using
an exploratory study design, we examined the degree
of autonomy (defined as self-governance) in preman-
ifest and motor-manifest HD gene expansion carriers.
Further, we investigated the possible associations
between autonomy and basic clinical measures like
motor function (the UHDRS-TMS score), neuropsy-
chiatric symptoms (the SCL-90-R and the HAM-17
scores), cognitive status (the MoCA score), and apa-
thy (the LARS score).

Among the motor-manifest HD gene expansion
carriers, 25-38% of the participants scored substan-
tially lower than the normal level on the ACS-30
subscales, as compared to controls. No significant
associations were found between a low degree of
autonomy and motor performance or neuropsychi-
atric and cognitive screening test, so autonomy did
not seem to be associated with symptoms or progres-
sion of disease in HD. Only apathy was a relevant
focus for these individuals, as a significant asso-
ciation was found between the ACS-30 Capacity
subscale and the global LARS score. This important
result demonstrates that a theoretically relevant asso-
ciation exists between low initiation and motivation,
and low self-regulation, and it contributes impor-

Total IAF ACS-30 Capacity Global LARS
Motor-Manifest-| I—D]—' Motor-Manifest: ’—-ED—-{ Motor-Manifest-| I-D].—'
Premanifest- I—D]—'l Premanifest |—D]—| Premanifest |—D]—|
Controls Controls |—m—| Controls—
T T T 1 r T T T 1 T T T 1
0 10 20 30 40 o 10 20 30 40 30 20 10 [
A B c

Fig. 1. Dispersion of scores for the motor-manifest HD gene expansion carriers, the premanifest HD gene expansion carriers, and the controls
on the Total IAF, the ACS-30 Capacity, and the Global LARS. Error bars represents min. and max. scores.
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tantly to the evidence on apathy, specifically when
considering that apathetic symptoms are frequently
reported in individuals with HD [37]. Interestingly,
only the ACS-30 Capacity subscale was significantly
associated with apathy on the LARS, the only sub-
scale that did not describe elements of autonomy as
self-governance. Instead, the ACS-30 Capacity sub-
scale include aspects of interest in new situations, the
ability to enjoy new activities, and to be adventur-
ous. This might be more associated with the classical
aspects of apathy, with diminished motivation and
activity, and a lack of interest and initiative, while
other aspects of autonomy like the understanding of
oneself and the regulation of attitudes and opinions
may not be associated with apathy to the same degree.

It should be noted that these results are not merely
illustrating that HD gene expansion carriers are
affected by growing up in a family with HD, since the
control participants were also family members, but
with a negative gene test. The results illustrate that
a moderate number of HD gene expansion carriers
have a substantially lower degree of autonomy, when
compared to healthy family members, irrespective of
environmental and psychosocial factors.

The motor-manifest HD gene expansion carriers
had a significantly lower degree of autonomy.com-
pared to premanifest HD gene expansion carriers on
the Total IAF, which indicates that the symptoms of
HD do affect the degree of autonomy. Individuals
with more advanced HD might haveimore diminished
feelings of autonomy, and thereby more diminished
feelings of self-regulation and competence as pro-
posed by Ryan & Deci [1, 2]..The"motor-manifest
HD gene expansion cartiers had:a significantly lower
capacity for managingnew situations and thus auton-
omy on the ACS=30, when compared to controls.
These results are in ling with the results by Addis &
Tippett [13].and Caddell & Clare [12], who reported
that the/perception of self and identity was nega-
tively affected by dementia. Thus, neurodegenerative
diseases canaffect the individual’s self-perception
and the neurodegeneration of HD seem to similarly
affect the self-perception of the individual with the
disease. However, as seen in Fig. 1, there was a
large overlap between the autonomy scores in the
three groups, which oppositely suggests that the dis-
ease progression is not associated with autonomy.
This suggestion was further supported by the lack
of correlation between the UHDRS-TMS and the
Total TIAF or the ACS-30 subscales for the motor-
manifest HD gene expansion carriers. Thus, the lower
degree of autonomy in the motor-manifest partici-

pants might be driven by other factors than disease
progression. Interestingly, the premanifest HD gene
expansion carriers did not score differently on any
measure of autonomy when compared to controls.
Thus, autonomy does not seem to be affected in the
early stages of disease, unlike other symptoms of
HD, e.g., social cognition [38]. Irrespectively, the
present results showed that the self-perception of
autonomy in individuals with motor-manifest HD
was affected to some degree. These important results
should be considered when caring for.individuals in
more advanced stages of HD,as diminished percep-
tion of autonomy could affect the individual’s ability
to cope with their disease;:to interact with family,
friends, or professionals, or to make important deci-
sions on care. This underlines the importance of
supporting perception of autonomy throughout the
disease course, e:g. by promoting a person’s normal
life and control in care [39].

While this'study showed that autonomy was asso-
ciated with apathy, it did not illustrate a significant
association between autonomy and psychiatric symp-
toms, as was found by Bekker & van Assen [28]. This
was somewhat surprising since it could be hypoth-
esized that a low degree of autonomy could help
identify people at risk for neuropsychiatric symp-
toms. There are several differences between the
studies, but methodological differences in instru-
ments used for examining psychiatric symptoms
seem most important. While Bekker & van Assen [28]
used the original SCL-90 scale, we used the revised
version, where scores were normalized to a Danish
sample. Moreover, this negative finding could also
be caused by the relatively low number of partici-
pants in the present study. It would be interesting to
investigate if an association between autonomy and
psychiatric symptoms in HD could be replicated in a
larger cohort.

Since we used an exploratory design, two differ-
ent quantitative measures for autonomy were applied.
Both the ACS-30 and the IAF defined autonomy as
in the core aspect of self-governance, where actions
are regulated by the self, while being in meaning-
ful interactions with others [3]. The fact that the
scales measure the same construct was supported
by the significant correlation between the ACS-30
Self-Awareness subscale and the Total IAF. How-
ever, since no other subscale of the ACS-30 was
significantly associated with the Total IAF, the two
instruments also measure different characteristics
of autonomy. Interestingly, the characterization of
autonomy used in the ACS-30 seemed to be more
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sensitive to the changes in individuals with HD, as a
higher frequency of participants with a substantially
lower autonomy was found than on the IAF scale. One
explanation could be that the ACS-30 includes items
on the ability to understand and feel with others (the
Sensitivity subscale), which may tap abilities of the-
ory of mind, often affected in HD [38], as well as the
abilities to handle new situations (the Capacity sub-
scale), which is associated with apathy often found
in HD [37]. The IAF includes items concerning the
ability to understand oneself and one’s actions, which
has not previously been investigated in HD.

One substantial limitation of the present study is
the low number of participants included. As this was
an exploratory study, we did not include a power
analysis. Therefore, it remains unknown whether the
missing difference on two of the ACS-30 subscales
are genuine or an artefact caused by the low number
of participants. However, the results should be seen as
an attempt to explore the possible neurodegenerative
effect on the self-perception of autonomy by HD and
not a final measure of effect. Another limitation con-
cerns the use of self-report measures in studies of HD,
as individuals with HD might have decreased insight
into their symptoms, proposedly more frequently<in
more severe stages of disease [40, 41]. The autonomy
scales used in the present study were both rated on a
5-point Likert scale, where diminished insight might
inhibit ratings in the lowest or highest ends of the
scale, thereby increasing the probability, of answer-
ing in the middle of the scale. It cannot be ruled out
that the missing difference between the groups on the
two ACS-30 subscales might have been affected by
this. Moreover, as autonomy is'a phenomenological
construct, investigation of autonomy using quantita-
tive rating scalessshould not stand alone, but in this
study, we investigated autonomy with this method in
an attempt to incapsulate this complex phenomenon
and to explore if the perception of autonomy in indi-
viduals with HD was affected.

In conclusion, this study is the first to investi-
gate changes in the perception of self and autonomy
in HD gene expansion carriers. Using quantitative
scales previously applied in other diseases we found
that 25-38% of the motor-manifest HD gene expan-
sion carriers had a degree of autonomy that was
substantially lower than the level of gene negative
family controls, and these individuals might be at
risk of having apathetic symptoms as well. Con-
trarily, the autonomy of the premanifest HD gene
expansion carriers were not affected by the disease,
as they did not differ significantly from the con-

trols. The current results should be interpreted in
the light of the conceptualization of autonomy as
self-governance. While self-governance has gained
theoretical foothold specifically in newer studies,
other conceptualizations of autonomy exist and
might have generated different results. As an exam-
ple, autonomy defined as vulnerability has been
associated with depression in previous studies [6,
7]. Nevertheless, the current results illustrate that
changes in autonomy can occur in HD and underline
the importance of maintaining patient.atitonomy and
involvement when caring for individuals:with HD.
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