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Abstract

Background. Cognitive impairment is a core feature of Huntington’s disease (HD), however,
the onset and rate of cognitive decline is highly variable. Apathy is the most common neuro-
psychiatric symptom of HD, and is associated with cognitive impairment. The aim of this
study was to investigate apathy as a predictor of subsequent cognitive decline over 2 years
in premanifest and early HD, using a prospective, longitudinal design.

Methods. A total of 118 premanifest HD gene carriers, 111 early HD and 118 healthy control
participants from the multi-centre TRACK-HD study were included. Apathy symptoms were
assessed at baseline using the apathy severity rating from the Short Problem Behaviours
Assessment. A composite of 12 outcome measures from nine cognitive tasks was used to
assess cognitive function at baseline and after 24 months.

Results. In the premanifest group, after controlling for age, depression and motor signs, more
apathy symptoms predicted faster cognitive decline over 2 years. In contrast, in the early HD
group, more motor signs, but not apathy, predicted faster subsequent cognitive decline. In the
control group, only older age predicted cognitive decline.

Conclusions. Our findings indicate that in premanifest HD, apathy is a harbinger for cogni-
tive decline. In contrast, after motor onset, in early diagnosed HD, motor symptom severity
more strongly predicts the rate of cognitive decline.

Introduction

Huntington’s disease (HD) is an autosomal-dominant neurological disorder caused by a
cytosine-adenine-guanine (CAG) expansion in the Huntingtin gene (Walker, 2007). The
onset of the disease can be at any age but usually occurs in mid-life, with larger CAG repeat
numbers associated with younger onset, and the first signs typically involuntary movements,
psychiatric symptoms and cognitive decline (Walker, 2007). Clinical definition HD diagnosis
requires the presence of motor signs, however subtle cognitive and psychiatric symptoms often
occur up to 15 years prior to diagnosis (Duff et al., 2010; Martinez-Horta et al., 2016; Paulsen
& Long, 2014; Stout et al., 2011). All people with HD experience progressive cognitive decline,
although the onset and progression of cognitive impairment is highly variable (Papoutsi,
Labuschagne, Tabrizi, & Stout, 2014). Cognitive decline contributes to functional disability,
reducing patients” ability to drive, work and live independently (Ross, Pantelyat, Kogan, &
Brandt, 2014; Tabrizi et al., 2013). Therefore, the ability to identify those most at risk of
early and rapid cognitive decline would be beneficial in triggering early interventions aimed
at supporting patients and their families to cope with cognitive change. Apathy, a loss of
motivation and reduction in voluntary, goal-directed behaviour, is a common early sign of
HD which may be a harbinger of cognitive impairment. Apathy is very common in HD.
For example, Martinez-Horta et al. found clinically significant apathy in 23% of premanifest
HD participants, who were on average more than a decade prior to diagnosis, and 62% in
the early manifest HD group (2016). This is in comparison with a prevalence of 36%
in Parkinson’s disease (Garcia-Ramos, Villanueva, del Val, & Matias-Guiu, 2010) and 49%
in Alzheimer’s disease (Nobis & Husain, 2018).
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Apathy predicts longitudinal cognitive decline in other neuro-
degenerative diseases. For example in Parkinson’s disease
(Dujardin, Sockeel, Delliaux, Destee, & Defebvre, 2009) and
Alzheimer’s disease (Starkstein, Jorge, Mizrahi, & Robinson,
2006), participants who were more apathetic at baseline were
more likely to show cognitive decline over 1-4 years than partici-
pants who were non-apathetic at baseline. Similarly, a longitu-
dinal study of people with mild cognitive impairment revealed
that those with apathy were more likely to develop Alzheimer’s
disease than those without apathy (Richard et al., 2012; Robert
et al, 2008). Why might this be? Levy and Dubois (2006) pro-
posed three prefrontal-subcortical circuits important for initi-
ation, cognition/planning and emotional-affective/motivation
aspects of apathy, and argued the disruption of any of these cir-
cuits could cause manifestations of apathy. Consistent with this
proposal, two recent studies have found a relationship between
apathy and structural brain changes within these circuits in
early HD. In one study, the presence of apathy was associated
with smaller thalamus volumes in premanifest and early HD par-
ticipants from the TRACK-HD study (Baake et al, 2018).
Additionally, an MRI-PET study found that in a sample of 40
patients with early-stage HD, higher apathy severity was asso-
ciated with lower grey matter volume in subcortical regions, tem-
poral lobes and anterior cingulate cortex, as well as lower brain
glucose metabolism in the prefrontal cortex, temporal lobes,
insula and precuneus (Martinez-Horta et al., 2018). These areas
make up a complex cortico-subcortical network critical for
reward- and emotion-processing. Importantly, lower grey matter
volume and reduced metabolism in these regions were also
associated with poorer cognitive task performance. Given degen-
eration occurs in parts of this cortico-subcortical reward-
processing network years before the detection of cognitive
impairment (Papoutsi et al., 2014), apathy may be an early sign
of disruption to the brain’s reward- and emotion-processing cir-
cuitry, which, with disease progression, eventually manifests in
cognitive impairment (Palminteri et al., 2012).

Evidence from at least three previous studies suggests that
apathy and cognitive impairment are associated with HD. For
example, two cross-sectional studies have found that people
with diagnosed HD classified as apathetic are more likely to
have a cognitive impairment, compared to those classified as non-
apathetic (Baudic et al., 2006; Sousa et al., 2018). Additionally,
Reedeker et al., assessed apathy and cognition over 2 years in a
mixed premanifest and motor-manifest HD sample, and reported
that slower processing speed at baseline predicted persistent
apathy (2011). Apathy as a predictor of subsequent cognitive
decline has not been examined in premanifest or manifest HD,
however, in early HD, one study found that apathy predicted sub-
sequent functional decline over 36 months (Tabrizi et al., 2013).
Given the relationship between cognition and everyday function
in HD, apathy may also predict subsequent cognitive decline in
HD. In the current study, we examined severity of apathy symp-
toms as a predictor of cognitive decline over 2 years in premani-
fest and early HD, independent of age, motor or depression
symptoms.

Method
Participants

Our data analyses included 118 premanifest gene carriers, 111
early HD and 118 healthy control participants from the
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TRACK-HD study who completed baseline and 24-month visits.
Full details of the TRACK-HD study have been reported else-
where (Stout et al., 2012; Tabrizi et al., 2009). Briefly, participants
were enrolled at four sites, London (UK), Paris (France), Leiden
(Netherlands) and Vancouver (Canada). At baseline participants
were aged between 18-65 years and had no history of major
neurological disease (other than HD), major psychiatric disorder
or severe head injury. Premanifest participants had a baseline
total motor score (TMS) of 5 or lower on the United
Huntington’s Disease Rating Scale (UHDRS; Huntington Study
Group, 1996). Early HD participants had a baseline UHDRS
total functional capacity (TFC) score of between 7 and 13, indicat-
ing minimal to moderate clinical impairment (Shoulson & Fahn,
1979). Control participants were age- and gender-matched to the
combined premanifest and early HD groups at baseline.
Participant characteristics are presented in Table 1. The study
was approved by local ethics committees and participants gave
written informed consent.

Assessment of apathy

Apathy symptom severity at baseline was measured using severity
rating from the lack of initiative (apathy) item from the Short
Problem Behaviours Assessment for Huntington’s disease
(PBA-s; Callaghan et al. 2015; Orth et al. 2010). The PBA-s is a
semi-structured interview conducted by a clinician-rater with
the participant and an informant, and was designed to obtain
information about current behaviour. The short version has 11
items, each measuring a different behavioural problem, such as
apathy, depression or irritability. Each behaviour is rated for
both severity and frequency on a 5-point scale, ranging from 0
(absent) to 4 (severe). The measure has good inter-rater reliability
(Callaghan et al., 2015). Because of concerns regarding the valid-
ity of the frequency rating (McNally, Rickards, Horton, &
Craufurd, 2015), we used the severity rating from the apathy
item as the measure of baseline apathy. Baseline apathy scores,
along with the proportion of participants rated in the clinical
range (severity score >2) within each group, are shown in Table 1.

Cognitive assessment

Cognitive function was assessed by deriving a composite based on
12 primary cognitive outcome variables from nine cognitive tasks,
as proposed by Stout et al. (2012) (see Table 2 for a description of
each outcome measure). These cognitive tasks were originally
selected as part of the TRACK-HD battery to be the most sensi-
tive to cognitive change in pre-HD (Tabrizi et al., 2009) and
included tests of psychomotor speed, attention, working memory,
planning, set-shifting, emotion recognition and odour identifica-
tion. Odour identification was included in the cognitive compos-
ite as there is a wealth of evidence that higher order olfactory tasks
are strongly associated with executive functioning and semantic
memory abilities in both healthy populations (Hedner, Larsson,
Arnold, Zucco, & Hummel, 2010; Larsson, Finkel, & Pedersen,
2000; Schab, 1991) and HD (Delmaire et al., 2013; Nordin,
Paulsen, & Murphy, 1995). Cognition was assessed annually
throughout the TRACK-HD study, and for this study, we
included participants’ baseline and 24-month cognitive results.
We defined change in cognition as a change in performance
from baseline (Visit 1) to 24 months (Visit 3).


https://doi.org/10.1017/S0033291720000094

1340

Table 1. Baseline participant characteristics

S. C. Andrews et al.

Healthy controls Pre-HD Early HD
N 118 111 118
Age (years) 46.30 (10.34, 23-66) 41.21 (9.07, 19-64) 49.06 (9.85, 23-64)
Women 66 (56%) 60 (54%) 64 (54%)
Education

Primary/middle school

24 (20.30%)

16 (14.41%)

30 (25.42%)

High school

13 (11.02%)

25 (22.52%)

27 (22.88%)

Technical college

37 (31.36%)

26 (23.42%)

21 (17.80%)

University degree

44 (37.29%)

44 (39.64%)

40 (33.90%)

CAG repeat length

43.07 (2.43, 39-52)

43.68 (2.92, 39-59)

Disease-burden score

294.20 (48.59, 172-413)

378.60 (70.63, 210-566)

Centres
Leiden 30 (25.42%) 30 (27.03%) 29 (24.58%)
London 29 (24.58%) 29 (26.13%) 30 (25.42%)
Paris 26 (22.03%) 23 (20.72%) 26 (22.03%)
Vancouver 33 (27.97%) 29 (26.13%) 33 (27.97%)
UHDRS TMS 1.48 (1.70, 0-7) 2.52 (1.55, 0-8) 23.81 (10.85, 5-52)
UHDRS TFC 12.98 (0.13, 12-13) 12.82 (0.60, 9-13) 10.83 (2.02, 7-13)
BDI total 6.64 (6.65, 0-31) 7.68 (8.41, 0-42) 10.84 (9.40, 0-40)
PBA apathy score 0.25 (0.67, 0-4) 0.49 (0.94, 0-4) 1.12 (1.18, 0-4)
Apathy present 8 (6.7%) 17 (15.3%) 46 (39%)

Data are mean (s.o., range) or number (%). Disease-burden score is calculated as age x (CAG-35.5). UHDRS TMS - UHDRS Total Motor Score: Possible scores range from 0-124; UHDRS TFC -
UHDRS Total Functional Capacity: Possible scores range from 0-13; BDI Total - Beck Depression Inventory Total Score; PBA Apathy Score - Problem Behaviour Assessment Apathy Severity
Score: Possible scores range from 0-4. Apathy Present: Proportion of participants above cut-off for clinical apathy >2.

Table 2. Tasks contributing to cognitive composite

Task Primary variable Cognitive domain
Symbol Digit Modalities Test (SDMT) Number correct Psychomtor speed, working memory
Stroop word reading Number correct Psychomotor speed, word reading

Trails A Completion time (s) Attention, psychomotor speed

Trails B Completion time (s) Attention, set shifting, psychomotor speed

Paced tapping (1.8 & 3 Hz) Precision (1/s.0. of ITl in 1/ms) Psychomotor, movement timing (slow and fast)

Serials 2 s with tapping Number correct subtractions Psychomotor speed, dexterity with cognitive load

Spot the change set size 5 Number correct adjusted for guessing Visual working memory
(k)
Emotion recognition Number correct combined negative Perceptual facial affect recognition
emotions
University of Pennsylvania Smell Identification Test Number correct Odour identification, executive functioning, semantic

(UPSIT) memory

Circle tracing direct and indirect Annulus length (log cm) Motor speed, planning and correction

Assessment of depression Statistical analyses

Severity of depression symptoms at baseline was measured using the ~ In order to create the cognitive composite, for each participant, we
total score of the Beck Depression Inventory II (BDI-II; Beck, Steer,  first standardised the task scores of component cognitive mea-
and Brown, 1996), a commonly used 21 item self-report measure.  sures by using the baseline data combined across the premanifest
Each item is scored from 0 to 3, with higher scores indicating higher = HD, early HD and control groups as the population. The average
severity of symptoms. The maximum total score is 63. of the 12 standardised scores at baseline and at 24 months was
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Mean (SD) of change in composite score
over 24 months in each group
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Fig. 1. Mean (standard deviation) of change in cognitive composite score over 24
months for each group, based on the multiple imputation data.

then calculated, and difference between these values created the
change in cognitive composite, where a positive value represented
an improvement over 24 months, whereas a negative value repre-
sented a decline over 24 months. Because 36% of early diagnosed
HD subjects were missing data from one or more cognitive tests at
one of the visits, we used multiple imputation (MI; Rubin, 1987)
to simulate a range of plausible values for missing scores.
Imputation was done separately for the premanifest group, the
early HD group and the control group. For the MI model, we
used 12 cognitive variables contributing to the composite, as
well as BDI and PBA-Apathy, age, gender and education.
Twenty sets of data were imputed per group. Final model esti-
mates and hypothesis tests were derived by applying Rubin’s pro-
cedures to the analyses of each imputed data set (Carpenter &
Kenward, 2013; Rubin, 1987). All statistical analyses were per-
formed using SAS/STAT® software, version 14.1 (SAS Institute
Inc, 2015).

Pearson correlations were used to assess the association
between PBA-Apathy severity score and BDI-II depression
score, UHDRS motor score and age for each group at baseline.
We used statistical modelling to assess the impact of apathy and
other measures at baseline on the subsequent longitudinal change
in the cognitive composite score. We used least squares regression
with the longitudinal cognitive score change as the outcome.
Depending on the model, the predictors were chosen from
among the baseline values of age, UHDRS motor score (square
root transformed), BDI-II depression score and PBA-apathy
severity.

Results
Cognitive change over 24 months by group

Figure 1 shows the mean change in cognitive composite score over
24 months for each group, where the control and premanifest
groups show positive mean change scores, reflecting improved
task performance due to practice effects (Stout et al., 2012), and
the early HD group shows a negative mean change score indicat-
ing more marked cognitive decline occurred the 24 month inter-
val. The early HD group showed significantly more cognitive
decline than the control group, based on the multiple imputation
data (t=-7.82, p=<0.001). The premanifest group showed an
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intermediate level of cognitive change, that was not significantly
different from the control group (t=—1.57, p=0.12).

Bivariate correlations between apathy and age, total motor
score and depression

Pearson correlations revealed that at baseline, a higher apathy
score was associated with a higher depression score for controls
(r=0.53, p<0.001), premanifest participants (r=.63, p <0.001)
and early HD participants (r = 0.45, p <0.001). A higher apathy
score also related to a higher UHDRS TMS for early diagnosed
HD participants (r=43, p <0.001), but not premanifest partici-
pants (r=0.07, p=0.49) or controls (r=0.05, p=0.60). There
was no significant association between apathy and age for any
group (all ps <0.21).

Assessing apathy as a predictor of cognitive change over 24
months

In the premanifest group, we initially entered only baseline age
and apathy scores into the model, and found that older age pre-
dicted slower cognitive decline (8=0.29, p=0.002) but apathy
was not a significant predictor (f=-0.09, p=0.37). We then
added self-reported depression to the model, and found that
then apathy emerged as a significant predictor, with more
apathy at baseline predicting faster cognitive decline (8= -0.27,
p =0.028). Baseline age and depression scores were also inde-
pendent predictors in the model (age: f=0.31, p < 0.001; depres-
sion: f=0.30, p=0.01), with older age and higher levels of
self-reported depression predicting slower cognitive decline.
Finally, the motor score was not a significant predictor of cogni-
tive decline when it was added to the model, however apathy, age
and depression remained as significant predictors. The final
model is shown in Table 3, and accounted for 16.1% of the
variance in cognitive decline.

In the early HD group, with only baseline age and apathy
scores entered into the model, more baseline apathy predicted fas-
ter cognitive decline (8 =—0.24, p = 0.01), whereas age was a not a
significant predictor (f=0.16, p=0.14). Once the motor score
was added to the model, however, apathy was no longer a signifi-
cant predictor (f=-0.09, p=0.40). Instead, in contrast to the
premanifest group, for the early HD group more severe motor
signs did predict faster cognitive decline (8=—-0.37, p=0.001),
and younger age also predicted faster cognitive decline (8= 0.22,
p=02). Self-reported depression was not a significant predictor
when added to the model, and the overall variability accounted
for by the model was largely unchanged. The final model, in
Table 3, accounts for 19.6% of the variance in cognitive decline.

Finally, in the control group, with baseline age and apathy
scores entered into the model as predictors of cognitive decline
over 2 years, age emerged as a significant predictor of cognitive
decline, but in contrast to the HD groups (for whom older age
predicted slower cognitive decline), older age at baseline predicted
faster cognitive decline (8=—-0.35, p<0.001). Apathy was not
associated with cognitive decline in healthy controls (8 =—-0.07,
p=0.49). Self-reported depression added to the model was also
not a significant predictor; age remained the only significant pre-
dictor cognitive decline (see Table 3). The final model, which had
age as its only significant predictor, accounted for 12.9% of the
variance in cognitive decline.
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Table 3. Final multiple regression model of cognitive composite change for each group

Estimate S.E. B t p
Premanifest HD group
Intercept —0.140 0.097 —1.45 0.152
Baseline age 0.007 0.002 0.313 3.53 <0.001**
Baseline TMS —0.009 0.029 —0.031 —0.32 0.748
Baseline BDI score 0.007 0.003 0.300 2.61 0.010*
Baseline apathy score —0.060 0.027 -0.271 -2.26 0.027*
Early HD group
Intercept 0.085 0.16 0.053 0.60
Baseline age 0.006 0.003 0.23 2.48 0.015*
Baseline TMS —0.097 0.027 —0.38 -3.5 <0.001**
Baseline BDI score 0.004 0.004 0.14 13 0.20
Baseline apathy score —0.037 0.027 —-0.15 -1.36 0.18
Control group
Intercept 0.59 0.096 6.18 <0.001**
Baseline age —0.007 0.002 —-0.35 -3.75 <0.001**
Baseline BDI score —0.004 0.004 —0.13 —1.03 0.31
Baseline apathy score —0.002 0.037 —0.005 —0.04 0.96

TMS, UHDRS Total Motor Score (Square Root Transformed); BDI, Beck Depression Inventory; Apathy Score, Problem Behaviours Assessment Apathy Severity Score.

*0<0.05, **p<0.01.

Discussion

In this study, we found that in a premanifest HD sample, more
severe apathy symptoms at baseline predicted more rapid subse-
quent cognitive decline over 24 months. This relationship
emerged after controlling for age and depression symptoms.
These findings suggest that in the context of the highly variable
onset and course of cognitive decline in HD, the detection of
apathy may point to an elevated risk of cognitive decline. Our
findings extend previous cross-sectional studies that have docu-
mented the association between apathy and poorer cognition in
HD (Baudic et al, 2006; Reedeker et al., 2011), demonstrating
that prospectively, using longitudinal data, the presence of apathy
symptoms is predictive of cognitive decline. Our finding in HD is
also consistent with previous studies in Parkinson’s disease
(Dujardin et al., 2009) and Alzheimer’s disease (Starkstein et al.,
2006), which indicated that apathy was linked to faster cognitive
decline over 1-4 years. In the current study, the premanifest
group did not show evidence of significant cognitive decline
over 24 months, consistent with previous studies of cognitive
decline in premanifest HD, which have demonstrated subtle
declines in this population, which generally require very large
samples and a longer follow up to detect significant decline
(Paulsen, Smith, Long, the Predict HD Investigators &
Coordinators of the Huntington Study Group, 2013).
Nevertheless, the emergence of a relationship between apathy
symptoms and cognitive decline in this group indicates that
apathy can predict even subtle cognitive decline, that may then
accelerate as the disease progresses. Given the presence of apathy
is associated with frontal-striatal damage (Levy & Dubois, 2006),
and the TRACK-HD cognitive battery was chosen to be most sen-
sitive to fronto-striatal degeneration (Stout et al, 2012), it is
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perhaps not surprising that we found a relationship between
apathy and decline on these cognitive tasks. Recent research has
identified cognitive deficits in HD associated with extra-striatal
brain regions (Stout, Glikmann-Johnston, & Andrews, 2016),
and therefore future research should examine whether apathy is
predictive of decline in all cognitive domains in HD, or whether
it is specific only to cognitive domains affected by frontal-striatal
degeneration.

Our finding that the relationship between apathy and cognitive
decline only emerged after controlling for depression requires
some consideration in light of the well-established relationship
between depression and reduced cognitive performance across
healthy and many clinical populations, including HD (Knight &
Baune, 2018; Pirogovsky-Turk et al., 2017; Smith, Mills, Epping,
Westervelt, & Paulsen, 2012). In contrast, we found that higher
self-reported depression at baseline was associated with less subse-
quent cognitive decline in our final model. We believe this sug-
gests that in participants with depression symptoms at baseline,
some of their cognitive impairment may have been attributable
to depression, and cognitive function may have improved second-
ary to effective treatment or spontaneous remission of depression
over the study period. Another possibility is that participants with
intact cognition at baseline were more self-aware of their depres-
sion symptoms, and also experienced slower cognitive decline.
Supporting this hypothesis, previous research has demonstrated
a relationship between cognition and awareness of neuropsychiatric
symptoms (Andrews et al., 2018), and shown that cognitive decline
accelerates with disease progression in HD (Paulsen et al., 2013).
Further research is needed to elucidate the relationship between
depression and cognitive decline in HD gene-positive people.

The contrast between our findings in premanifest HD, in
which motor signs appeared to have no effect on the apathy’s
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prediction of more rapid cognitive impairment, and our findings
in early manifest HD, in which more severe motor signs, but not
apathy symptoms, predicted subsequent faster cognitive decline,
indicates that after motor onset, motor signs are a better predictor
of cognitive decline than apathy. Previous research, and our cur-
rent findings, have demonstrated that cognitive decline is more
marked in early HD compared to premanifest HD (Stout et al.,
2012), and that motor and cognitive progression often co-occur
(Dorsey et al., 2013; Tabrizi et al., 2013). Additionally, most cog-
nitive tasks include a significant motor component; therefore
motor impairments also often have a direct impact on cognitive
performance (Hart et al., 2014; Ross et al., 2014). Hence, part
of the predictive value of motor impairments on longitudinal cog-
nitive decline might partially reflect the rate of motor progression
over time. Because this project was a secondary analysis of data
from the TRACK-HD study, our selection of cognitive tasks
was limited to those available for analysis. To minimise the influ-
ence of motor impairments on measures of cognitive decline,
future studies should consider the use of cognitive tasks requiring
a minimal motor response, such as orally administered versions of
common cognitive tasks such as the Symbol Digit Modalities Test.

Motor signs, compared to apathy, may also better predict cog-
nitive decline due to lower levels of measurement error. As a
behavioural syndrome, apathy is a challenging construct to meas-
ure. The assessment used in the current study, the PBA-s,
although scored by a professional rater, is somewhat subjective
and relies on a very small sample of behaviours. As such its reli-
ability is somewhat limited. In contrast, the measurement of
motor signs may be less noisy. Another consideration is that in
our regression model for the early HD group, apathy was a signifi-
cant predictor of cognitive decline before the inclusion of motor
signs in the model. This suggests that there is a substantial overlap
in variance between apathy and motor signs in early HD, and
therefore even with improved measurement, apathy may not be
a significant independent predictor of cognitive decline in early
HD. Regardless, in early HD, motor symptoms better predict
the rate of cognitive decline than symptoms of apathy.

In both premanifest and early HD participants, age was also a
significant predictor of cognitive decline, where younger age at
baseline was associated with more rapid cognitive decline. This
is likely due to the relationship between CAG expansion, age
and the timing and severity of disease onset. Specifically, people
with larger CAG expansions tend to have a younger and more
severe onset of symptoms in HD, including cognitive symptoms
(Penney, Vonsattel, MacDonald, Gusella, & Myers, 1997;
Walker, 2007). In contrast, in healthy controls, older age was a
significant predictor of faster cognitive decline, in line with the
long-established effect of age on cognition (Verhaeghen &
Salthouse, 1997).

This study had several strengths, including the large samples of
premanifest and early HD participants, and the use of a prospect-
ive longitudinal design. With regard to limitations, although the
PBA-s apathy measure is well validated, it comprises only a single
item. Apathy is increasingly recognised as a multi-dimensional
construct (Levy & Dubois, 2006), and new measures assess the
cognitive, behavioural and emotional subtypes of the syndrome
(Radakovic & Abrahams, 2014). It is possible that a particular
subtype of apathy (e.g. cognitive) is a better predictor of cognitive
decline in HD, or that different subtypes of apathy may have dif-
ferential effects on cognition. For example, behavioural apathy
may be associated with reduced motivation to perform on a cog-
nitive task, and cognitive apathy may be associated with poorer
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cognitive capacity in the context of intact motivation. Future stud-
ies using more comprehensive measures of apathy will likely fur-
ther enhance our understanding of apathy as a predictor of
cognitive decline, particularly in early HD.

In conclusion, we found that after controlling for age and
depression, higher levels of apathy predicted more rapid cognitive
decline in people with premanifest HD. In contrast, after clinical
diagnosis of HD, which is triggered by the unequivocal presence
of motor signs of HD, motor symptom severity, rather than
apathy, is the best predictor of cognitive decline. Clinically, apathy
in premanifest HD is a harbinger of relatively rapid cognitive
decline, whereas in people with the clinical diagnosis of HD,
motor signs are the harbinger of cognitive decline.
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