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Abstract

Background: Huntington’s disease (HD) is characterized by motor and behavioral
symptoms, and cognitive decline. HD gene carriers and their caregivers report the
behavioral and cognitive symptoms as the most burdensome. Apathy is the most
common behavioral symptom of HD and is related to clinical measures of disease
progression, like functional capacity. However, it is unknown whether apathy is
directly related to the neurodegenerative processes in HD.

Objective: The aim is to investigate whether an association between atrophy of
subcortical structures and apathy is present in HD, at baseline and after 2 years
follow-up.

Method: Volumes of 7 subcortical structures were measured using structural
T1 MRI in 171 HD gene carriers of the TRACK-HD study and apathy was assessed
with the Problem Behaviors Assessment-Short, at baseline and follow-up visit. At
baseline, logistic regression was used to evaluate whether volumes of subcortical
brain structures were associated with the presence of apathy. Linear regression was
used to assess whether subcortical atrophy was associated with the degree of apathy
at baseline and with an increase in severity of apathy over time.

Results: At baseline, smaller volume of the thalamus showed a higher probability
of the presence of apathy in HD gene carriers, but none of the subcortical structures
was associated with the degree of apathy. Over time, no association between atrophy
of any subcortical structures and change in degree of apathy was found.

Conclusion: The presence of apathy is associated with atrophy of the thalamus
in HD, suggesting that apathy has an underlying neural cause and might explain the
high incidence of apathy in HD. However, no association was found between atrophy
of these subcortical structures and increase in severity of apathy over a 2-year time
period.
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Introduction

Huntington’s disease (HD) is an autosomal dominant inherited, progressive
neurodegenerative disorder, characterized by motor and behavioral symptoms,
and cognitive decline!. Despite motor symptoms being the most specific to HD, the
highest burden reported by HD gene carriers and caregivers are the cognitive and
behavioral symptoms?. Behavioral symptoms are diverse and the degree of severity
fluctuates for the majority of symptoms throughout disease progression? 4. The most
common behavioral symptoms are depressive mood, irritability, and apathy with a
prevalence varying between 33% to 76% for each symptom dependent on definition,
measurement tools used, and disease stage*. Of these symptoms, apathy is the only
behavioral symptom that worsens as the disease progresses? 5 ©. In general, apathy
has clinically been defined as “a disorder of diminished motivation, as manifested by
reduced goal oriented behavior, emotions, and cognitions™ and has a strong influence
on psychosocial functioning, including relationships with partners and caregivers, e.g.
apathetic individuals need to be prompted into starting daily tasks such as getting
dressed® .

In HD, apathy can develop early in the course of the disease® ** and can even be
mildly present in pre-motormanifest gene carriers> *. Over the course of the disease,
apathy worsens and eventually apathy is severely present in almost all late stage
gene carrierss. In addition, apathy itself is negatively related to functional capacity,
cognitive performance and motor impairment in HD*. To better understand this
behavioral symptom it is of interest to investigate the presence, severity and course
of apathy in relation to the structural neurodegenerative processes that occur in HD.

Previous research has shown that apathy is caused by an interruption of the
prefrontal cortex — basal ganglia circuit'3, specifically the anterior cingulate circuit in
the brain'4 %, This circuit functionally connects the anterior cingulate cortex, nucleus
accumbens, olfactory tubercle, and the ventromedial parts of the caudate nucleus and
ventral putamen®. In subcortical neurodegenerative diseases, such as Parkinson’s
disease and progressive supranuclear palsy, there is evidence that atrophy of the
basal ganglia results in apathy' 6. One study showed that the nucleus accumbens,
an important subcortical structure of the reward circuit?, is associated with apathy in
Parkinson’s disease'®. In HD, it is not clear whether the same or other structures are
related to apathy. Since degeneration of the basal ganglia is a key feature of HD, it is
likely that these structures are associated with the occurrence of apathy in HD.

Dependent on disease stage, grey matter atrophy can be found in almost all grey
matter structures in HD® ' 2°, The caudate nucleus is known to already show atrophy
in pre-motor manifest HD gene carriers, far from estimated disease onset™ 223 and
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also shows the highest rate of degeneration as the disease progresses® 2426, followed by
the putamen 2729, Volume loss of the nucleus accumbens is already present in the late
pre-motormanifest stages°. It is expected that volume loss of subcortical structures
of the anterior cingulate circuit will be related to the development of apathy in HD
patients.

Given the progressive nature of apathy and its close relationship with measures of
disease progression such as a decrease of cognitive function?!, and general functioning?,
it is possible that apathy is related to a neurodegenerative progress of subcortical
gray matter in HD. Therefore, the aim of this study is to investigate the relationship
between volume loss of subcortical structures and apathy in HD and whether there
are changes over time.

Methods

Participants

TRACK-HD was a multicenter, longitudinal, observational study conducted at 4
different sites in the following cities: Vancouver (Canada), Paris (France), London
(United Kingdom), and Leiden (the Netherlands). Of the 222 TRACK-HD participants,
a total of 171 HD gene carriers (91 pre-motormanifest HD gene carriers and 80
motormanifest HD gene carriers) completed the baseline and follow-up visit after 24
months and were included in this study. HD gene carriers had a confirmed genetic
testing, i.e. CAG =39. HD gene carriers with no substantial motor signs at baseline, as
indicated with a total motor score (TMS) of <5 on the Unified Huntington’s Disease
Rating Scale (UHDRS), were defined as pre-motormanifest gene carriers. This pre-
motormanifest group was further divided into ‘far from estimated disease onset’
(PreHD-A: more than 10.8 years) and ‘close to estimated disease onset’ (PreHD-B:
less than 10.8 years), as calculated by the Langbehn formula32. The group consisting
of motormanifest HD gene carriers, as defined by a TMS of >5, was further divided
into disease stage 1 and disease stage 2 based on the Total Functional Capacity
(TFC) scores. All participating sites acquired ethical approval and all participants
gave written informed consent prior study procedures. The study was conducted by
trained professionals and all data was monitored, for a full description of the study,
see Tabrizi et al..
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Clinical measures

In addition to the collection of general sociodemographic and clinical characteristics,
the short version of the Problem Behaviors Assessment (PBA-s) was administered.
This is a semi-structured psychiatric interview designed for HD. The PBA-s consists
of 11 items, each item measuring a different behavioral symptom such as apathy,
depression and irritability. The PBA-s rates each behavioral symptom for both severity
and frequency on a 5-point scale®+. Severity score ranges from absent (score 0) to
severe (score 4) and frequency score ranges from absent (score 0) to every day/all day
(score 4). In this study, both the product score of severity and frequency of the apathy
item, and only the severity score of the apathy item were used.

In this study two concepts were evaluated: the degree of apathy and the presence of
apathy (i.e. apathy is or is not present). To indicate the degree of apathy the product
score of the apathy item is used. To indicate whether apathy is present a cut-off of >2
on only the severity apathy item was used.

MRI acquisition and processing

All participants underwent 3T MRI scanning at baseline and after 24 months follow-
upona Siemens or Philipswholebody scanner depending on study site. 3D-T1-weighted
image volumes were acquired with the following imaging parameters, as reported in
the supplementary appendix in Tabrizi et al.': TR=2200ms (Siemens)/7.7ms (Philips),
TE=2.2ms (Siemens)/3.5ms (Philips), FA=10° (Siemens)/8° (Philips), FOV=28cm
(Siemens)/24cm (Philips), matrix size 256x256 (Siemens)/224x224 (Philips), 208
(Siemens)/164 (Philips), sagittal slices to cover the entire brain with a slice thickness
of 1.omm with no gap between slices.

Functional Magnetic Resonance Imaging of the Brain (FMRIB) Software Library
(FSL)® was used for analyzing the structural Ti-weighted images. Combined left
and right volumes of the following seven subcortical brain regions were measured:
nucleus accumbens, amygdala, caudate nucleus, hippocampus, pallidum, putamen,
and thalamus, using FMRIB’s Integrated Registration Segmentation Tool (FIRST)3®.
All non-brain tissue was first removed from the T1-weighted image using a semi-
automated brain extraction tool (BET), implemented in FSL¥. All images were
registered to the Montreal Neurological Institute (MNI) 152-space standard image,
using linear registration with 12 degrees of freedom?®. Then, segmentation of the
seven subcortical regions was carried out and volumes for each region were calculated.
Visual inspection was performed during the registration and segmentation steps. The
volumes of these brain regions were corrected for estimated brain tissue volume,
normalized for individual head size using STENAX in FSL.
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Statistics

To assess whether there were differences in the group characteristics at baseline an
ANOVA or, when appropriate, a chi-square test was used.

The following groups of medication were identified to have a possible effect on the
apathy scores: SSRIs, SNRIs, anti-psychotics, tricyclic antidepressants, buproprion,
benzodiazepines, anti-epileptic, and tetrabenazine. One binary variable was created to
indicate whether any of these medications were taken during the visit. We acknowledge
that several different acting agents were treated as if they would have the same effect
on apathy. Therefore, each model was run with and without the variable medication
to identify the impact of medication on apathy.

A linear regression model between each subcortical brain structure and apathy
product score was developed to investigate a possible association between volume
of these structures and degree of apathy. As a next step a binary logistic regression
between each subcortical brain structure and presence of apathy (i.e. apathetic
versus not apathetic) was developed. Both regression models accounted for gender,
medication use, group, age, study site and CAG length. As a last step depressive mood
(severity*frequency) was added as additional covariate.

To explore the relationship between apathy and volume loss over time, delta scores
for apathy product score and delta scores for each brain structure were calculated to
indicate change over time. For each subcortical brain structure, a linear regression
model was designed to examine an association between delta score of apathy and
delta score of the subcortical brain structures. Again, the model accounted for gender,
medication use at baseline and follow-up, group, age, study site and CAG length. This
model was run once for all participants and once only for participants with an increase
in the degree of apathy over time.

IBM SPSS version 23 was used for the group characteristics analysis the significance
threshold was set to 0.05. Baseline and follow-up models were corrected for multiple
comparisons; i.e. p<0.007 (significant threshold of 0.05 divided by the number of
executed tests).
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Results

Group characteristics are described in table 1. The four groups differed significantly
in age, CAG length, medication use, and apathy scores. On average, all participants
were seen 23 months (SD: 1 month) after baseline visit.

Baseline visit

Throughout the consecutive disease stages the percentage of participants with
apathy steadily increased: at baseline 12% in the PreHD-A groups to 50% in the stage
2 HD group, see table 1.

The linear regression model did not reveal any association between volume of the
separate subcortical brain structures and the apathy product score. The results did
not change by adding the covariate depressive mood or by excluding the covariate
medication use in the original model.

The logistic model showed that only a smaller volume of the thalamus (OR=0.57;
95% CI:0.38—0.84; p=0.004) was associated with the presence of apathy; i.e. smaller
thalamus indicates a higher probability of presence of apathy, see figure 1. No other
associations were found, and the results did not change when the covariate depressive
mood was added. If medication use was excluded as a covariate in our original model,
again, only the thalamus was associated with the presence of apathy (OR=0.56; 95%
CI:0.38-0.82; p=0.003). Volumes of the nucleus accumbens, amygdala, caudate
nucleus, hippocampus, pallidum and putamen were not associated with the apathy
product score.

Table 1: Group characteristics

PreA PreB HD1 HD2 p-value

N=52 N=39 N=50 N=30
Gender: m/fa 25/27 18/21 19/31 17/13 p=0.43
Age in years (SD) at baselineb 46 (9) 46 (9) 51 (10) 56(8) p<o0.001
CAG length® 42(2) 44(2) 444  43(2) p=o0.001
Medication use at baseline (%) 9(17%) 9(23%) 18 (36%) 26(87%) p < 0.001
Medication use at baseline and FU (%) 8 (15%) 9 (23%) 18(36%) 25(83%) p <0.001
Apathy at baseline (%)2 6 (12%) 6(15%) 12(24%) 15(50%) p=0.001
Apathy at FU (%) 5(9%) 10(25%) 18 (36%) 21(70%) P < o0.001
Months between visitsb 23 (1) 23 (1) 24 (1) 24 (1) p=0.33

Subgroups are created on baseline characteristics: PreA: pre-motormanifest A; PreB: pre-motormanifest B;
HD1: motormanifest stage 1; HD2: motormanifest stage 2; FU: follow-up visit;

p-value for main comparison, no post-hoc results are displayed

atotal number

bmean (standard deviation)
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Figure 1: Probability of being apathetic based on volume of the thalamus
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Overall, the percentage of apathetic participants increased over a time period of
2 years, see table 1. When comparing the apathy product score at baseline with the
apathy product score at follow-up for 16% of the participants apathy product score
decreased by at least one point. Of 53% of the participants the apathy severity score
stayed exactly the same and for 31% of the participants the apathy severity score
increased by at least one point.

For the linear regression model over time no significant associations were found.
None of the volumes of the subcortical brain structures were associated with change
in the apathy product score between the two assessments; removing the covariate
medication use did not make any difference. Additional analysis with only participants

with increase of the apathy product score included in the analysis did not show other
results, data not shown.
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Discussion

This study investigated the relationship between atrophy of subcortical brain
structures and apathy in HD gene carriers at baseline and after 2 years follow-up.
Cross-sectional analyses at baseline revealed that only atrophy of the thalamus was
associated with the presence of apathy in HD, but no association between atrophy
of the subcortical brain structures and the degree of apathy at baseline or over time
were found. The former finding supports the notion that the prefrontal cortex —
basal ganglia circuit is involved in occurrence of apathy in HD, i.e. disruption of the
circuit at the level of the thalamus is related to apathy. However, solely association
with the thalamus is not specific to any of the circuits as the thalamus connects the
subcortical brain structures and the cortex in all prefrontal cortex — basal ganglia
circuits. Since disruption of the anterior cingulate circuit was associated with apathy
in other neurodegenerative diseases'> '+ 4° it is most likely that this circuit is also
involved in the occurrence of apathy in HD. However, with only one structure being
associated with apathy in our study, there is no conclusive evidence that the presence
of apathy is associated with this specific circuit in HD. We only evaluated possible
associations between apathy and atrophy of subcortical structures in HD. This is in
accordance with findings that subcortical structures are associated with apathy in
other neurodegenerative disease'+ **® and that degeneration of subcortical structures
is prominently present in HD® 2% 30 4, However, we have neglected a possible
association with parts of the prefrontal cortex which might also differentiate between
the prefrontal cortex — basal ganglia circuits. It is known that HD is a whole brain
disease and the cortex degenerates in the early HD stages' 42. In these early stages
apathy also drastically increases? which is also supported by our results. This leads
us to speculate that the underlying neural cause of apathy might not only be ascribed
to atrophy of subcortical brain structures, but might also be associated with atrophy
of the cortex. For future research, we suggest to evaluate a possible association
between the cortex and apathy in HD. In addition, it might be useful to explore other
measurement tools for neural dysfunction, such as structural integrity or dopamine
binding rather than volume reduction, to assess the relationship between apathy and
neurodegenerative process in HD.

In the cross-sectional analysis we only found an association between the presence of
apathy and volume reduction of the thalamus but not between the degree of apathy and
volume reduction of any subcortical brain structure. To measure the degree of apathy
in HD, we used the product score of severity and frequency of the apathy PBA-s item,
as was done previously*. However, the product score bares some degree of uncertainty
in what exactly is measured, it is unknown whether a high product score is a result of a
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high severity score, a high frequency score or a mix of both. This means that different
clinical presentations may have the same product score, e.g. someone with chronically
mild apathy may have the same score as someone with occasionally severe apathy. In
our opinion, these cases are not equal; hypothesis is that it is more likely that severity
— rather than frequency — of apathy is related to the neurodegenerative process in
HD. McNally et al.+3 have also pointed out in their re-evaluation of the PBA-s that
using the product score might statistically not be appropriate as it is not a ratio scale.
For future research, it would be of interest to further evaluate the use of the different
PBA-s scores.

Over a time period of 2 years follow-up, we did not find any association between
atrophy of the subcortical brain structures and change in the severity of apathy. In
our cohort, apathy was already present in the early stages and the number of apathetic
HD gene carriers increased. Over a time period of 2 years, in 31% of the HD gene
carriers apathy scores worsened, while in 16% of the HD gene carriers apathy scores
improved. The last finding was rather unexpected, as previous studies have shown
that apathy worsens over time in HD? 3, to our knowledge only one other study
found that over a time period of 2 years some apathetic individuals improved+. A
possible explanation might be that apathy itself is related to depression and the use
of psychotropic medication; successful treatment of depression and/or use of other
medication can affect apathy+. As medication use has such an influence on apathy, our
statistical model was adjusted for medication use. We acknowledge that by creating
a binary variable (i.e. use or no use of certain medication), the different acting agents
were treated as if they all have the same effect on apathy. However, more research is
needed to investigate whether medication itself triggers apathy or whether apathetic
HD gene carriers are more likely to use certain medication, which is important for
the prescription of effective individualized medication in HD. From our longitudinal
results, we can only conclude that the severity in apathy does not drastically increase
over a time period of 2 years in the pre-motormanifest and early stage of the disease,
for the majority of individuals the apathy score stayed the same. The time period
of 2 years might be too short to find a significant increase in apathy in a pre-motor
manifest and early HD population considering that disease duration is 17-20 years:.
This is supported by Thompson et al.’s study? in which more increase in apathy was
found over a longer time period of on average 5 years and more advanced HD gene
carriers.

In conclusion, apathy is present in early stages of HD and is associated with atrophy
of the thalamus in HD gene carriers, suggesting that occurrence of apathy has an
underlying neural cause. Further research is necessary to evaluate apathy over a
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longer time period in more advanced stages and to evaluate the possible association
between apathy and cortical atrophy in HD.
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