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Validity of irritability in Huntington’s disease: A scoping review

Abstract

Purpose:To scope the literature concerning irritabilityHimntington’s disease to determine

whether or not irritability is a valid and meaninb€onstruct within this population.

Method: A scoping literature review was conducted basefinatings from a search of five
databases (Academic Search Ultimate, PsycINFO, EINAcopus and Web of Science) in

November 2018. From an initial return of 453 papéfswere found suitable for review.

Results: Review of the 40 studies highlighted several aspefirritability in people with

HD which influence its validity as an independeomstruct in context of the disease. While
various measures are used to assess irritabilgglcastandard has yet to be identified and
consequently irritability is assessed inconsisyeatioss the literature. In addition, the results
suggest that irritability may not reflect patholoaji disease processes in HD, but rather
comprises a multidimensional construct which appé&abe strongly associated with other

psychological difficulties such as depression amdety.

Conclusions: The current concept of irritability in people witD continues to lack a
general consensus in the clinical literature, imseof both operationalisation and
assessment. Consequently, further research isntadran order to determine the extent to
which irritability is a valid construct within theontext of HD, including its associated

behavioural, cognitive and affective dimensions.
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IRRITABILITY IN HUNTINGTON’S DISEASE

It has been suggested that irritability is commaperienced by people with
neurological conditions such as Parkinson’s dis@@Be Aarsland et al., 1999), dementia
(Burns, Folstein, Brandt & Folstein, 1990) and pesgive supranuclear palsy (PSP;
Gerstenecker, Duff, Mast, Litvan & ENGENE-PSP St@ipup, 2013). However, it is
perhaps most notably discussed in people with Hgtdn’'s disease (HD; Wagle, Wagle,
Markova & Berrios, 2000), where it is often repdrges an important ‘neuropsychiatric’
symptom of the disease process (Kloppel et al.0RMNonetheless, while many studies have
reported high rates of irritability in people wittD (Craufurd, Thompson & Snowden, 2001;
van Duijn, Kingma & van der Mast, 2007), it has theegued that the current
conceptualisations lack psychological rigour, sstjgg that research on and measures of
‘irritability’ could in fact be potentially measung different concepts, for example anger and

aggression (Craig, Heitanen, Markova & Berrios,&00

Introduction to Huntington’s disease

HD is an inherited neurodegenerative disease, ddnsan autosomal-dominant
mutation of a gene located on the short arm ofrdesmme 4, and characterised by a triad of
progressive difficulties in motor, cognitive anchiagioural domains (Craufurd et al., 2001).
Formal diagnosis of HD is made when motor symptbetome apparent (Tabrizi et al.,
2009), which usually occurs around the age of 40 thie disease subsequently progressing
over 15-20 years (Novak & Tabrizi, 2010). Howeyesychological and cognitive difficulties
are frequently experienced by people carrying théated gene (often referred to as ‘gene
positive’ or ‘presymptomatic HD’) prior to motor syptom onset (Duff et al., 2007; Roos,

2014). Psychological distress associated with Hibegaacross disease stages, with
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irritability, depression and anxiety argued to fdim three core psychological difficulties

experienced by people with HD (Kl6ppel et al., 2010

Conceptualising irritability

Irritability is generally characterised as a reagmto react excessively to negative
stimuli, often having both an affective componemtder) and behavioural component
(aggression) (Buss & Durkee, 1957; Caprara ei@B5). However, it is ill-defined and
sometimes, as a concept, not effectively rootgesycthological theory. For example, Snaith
and Taylor (1985) proposed a definition of irriféias a “feeling state characterised by
reduced control over temper which usually resultisascible verbal or behavioural
outbursts, although the mood may be present witbbsgrved manifestation” (p.128);
likewise Paoli et al. (2017) defined irritabilitg &a temporary psychological state
characterized by impatience, intolerance, and gaarhtrolled anger” (p.6). These
definitions are inconsistent with psychologicaldhewhich differentiates between an
emotion and a mood, seeing them as closely relaedistinct phenomena on the grounds of
characteristics such as duration, apparent cauestionality, consequences and function

(Beedie, Terry & Lane, 2005).

Craig et al. (2008) instead conceptualised irriiglas a more prolonged mood state,
differentiating it from emotions such as anger @hhiend to be more reactive and short-
lived). Snaith and Taylor (1985) examined irritéliln clinical populations across four
studies, including people experiencing depressiariety, mood disorder and obsessional
neurosis, which also indicated that irritabilityosid be understood as a mood state rather

than a personality trait.
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Conversely, irritability has also been conceptealias a stable personality trait (Buss
& Durkee, 1957). For example, early German psyctiapagists referred to changes in
behaviour, such as irritability, as part of perditpahange (Craufurd & Snowden, 2014). It
is evident that there are opposing views as to kdretritability should be conceptualised as

a state or trait (Burns et al., 1990), or a furihessibility may be that it has elements of both.

Specifically in terms of people with HD, irritaliifihas been conceptualised using the
definitions applied to the general population. Heare its occurrence within this population
can be more difficult to determine due to the bianges associated with the condition,
potential differences in understandings of irriid§piand a lack of reliable methods of

assessment (Craufurd & Snowden, 2014).

Causes of irritability in people with HD

Various explanations have been advanced regardengause of irritability in people
with HD (Craufurd & Snowden, 2014). Irritability tjommonly viewed as the result of the
biological progressive neurodegenerative natutbetlisease. Indeed, it has been suggested
that higher levels of irritability in people withlH compared with spouse controls in the
same environment, “implicates a neurobiologicaheathan psychological or reactive, basis
for these behavioural signs” (Tabrizi et al., 2009,99). For example, it has been suggested
that degeneration in brain regions that controlalycappropriate behaviour, such as the
prefrontal area, may result in irritability in tearlier stages of HD (Mega & Cummings,
1994). This is consistent with wider understanditingd neurodegenerative changes in people
with HD are important in the development of all gisglogical difficulties experienced by
people with the condition, in which irritability draggressiveness are at the forefront,

alongside apathy (Teixeira, de Souza, Rocha, Rimriing & Lauterbach, 2016).
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However, while irritability is frequently identifceas a primary difficulty experienced
by people with HD, some authors theorise that iy ima secondary to other psychological
difficulties such as depression (Craufurd & Snowd&f14; van Duijn., 2010). Furthermore,
some affected individuals report experiencing slaikideation after episodes of heightened
irritability (Craufurd & Snowden, 2002), indicatirgpotential association between irritability
and suicidality. Irritability may, at least in paalso be a consequence of experiencing
frustration with increasingly difficult communicati and cognition (Craufurd & Snowden,
2014). Indeed, although the dominant understandibgplogically-based, behaviour in
people with HD is also likely to reflect both imtsic and reactive changes (Craufurd &

Snowden, 2014).

Validity of irritability

Several types of assessment have been arguedrngobrtant in terms of
establishing whether a construct is valid and floeeeconstruct validity, which can be
conceptualised as a superordinate level of validityl is often seen as the most difficult type
of validity to achieve. Indeed, it can also onlydemmonstrated when more specific elements
of validity have been established, e.g., convergaldlity which refers to the degree to

which a construct is similar to another constroaivhich it should be similar (Kendal, 1975).

Due to the lack of consensus around the constnettalidity of irritability as it
specifically presents in people with HD, it is tinéo review the empirical evidence.
Irritability is one of the key psychological diffitties considered important to treat in people
with HD, so it is essential that therapeutic apphes are enabled to target a construct which
is clear, defined and widely understood to be #mesacross studies and measures. A

scoping review approach (e.g., Mays, Roberts & Rop@01) was adopted to assess the key
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findings from the research. This is suitable f@& #ssessment of construct validity, which is a
broader aim than would be typical for a conventi@yatematic review where the review is
focused on a narrower and more specific questions€quently, this review will answer the
guestion: what is the current conceptualisatiomriébility among people with HD? It will

also be considered whether the current concepatialisis valid and clinically meaningful.

Previous reviews

Three prior reviews have been conducted in thigggrarea, although none focusing on this
or a similar question. Ramos and Garrett (201 7presd symptoms specifically associated
with the premotor phase, concluding that irritapils overall increased in this phase
compared to non-carriers. Honrath et al. (2018jesyatically reviewed evidence for a link
between irritability and suicidal ideation, findipgor evidence of any connection from prior
studies. Finally, Dale and van Duijn (2015) revievexidence for associations between
anxiety and irritability in people with HD, findinpat those with the condition who have
higher levels of anxiety may be more prone to bengriritable. Although there is therefore
evidence pertaining to irritability in people witD in existing reviews, no review has
focused explicitly on the construct of irritability its validity. This review will therefore be

clinically useful and avoids replicating past work.

Method

A scoping review approach was adopting, followilng stages outlined by Arksey
and O’Malley (2005). Studies appropriate for inahmswere selected and the relevant data

collated and charted. The results were then sumnsathand reported. The papers selected for
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inclusion met the following criteria: (i) publish&a English; (ii) published in a peer-
reviewed journal; (iii) involved the investigatiaf irritability in people with a verified
presence of the HD gene (both symptomatic and prptymatic), including prevalence,
associations with other variables, treatment ogtenmd aetiology. Papers investigating
irritability in mixed samples of people with HD anther neurological conditions were

excluded if the authors did not report findings éach condition separately.

Relevant papers were identified by searches ofl#ti@bases Academic Search
Ultimate (searchable from 2002, ‘peer reviewed’ d&mplish’ selected), PsycINFO
(searchable from 1940, ‘peer reviewed’ and ‘Englsslected), CINAHL (searchable from
1999, ‘peer reviewed’ selected), Scopus (searcHadme 2006, ‘English’ and ‘Journals’
selected), and Web of Science (searchable from)198@ search was conducted in
November 2018, and the search terms used to iggagiential papers were “irritability” and
“Huntington*”. This database search returned 453epsi (Academic Search Ultimate = 50,
PsycINFO = 78, CINAHL = 12, Scopus = 213 and WeBaknce = 100). Duplicates were
removed and the remaining papers were revieweslitaibility by screening titles and
abstracts. Review papers, commentaries and catiestuere excluded. For papers where
eligibility was unclear, the full text was reviewedRleferences of included papers were also
searched for relevant studies, although none veeadd which had not been identified on
database search. Ultimately, 40 papers were idehtifs suitable for inclusion in the current
review. Table 1 provides a summary of key chargttes of the included studies, and Figure
1 details the paper selection process. As quahipyasal is not considered a requirement for
scoping reviews (Arksey & O’Malley, 2005), this wast conducted. Although some reviews
in the field of HD (e.g. Crozier, Robertson & Dak)15; Dale & van Duijn, 2015) exclude
papers published before 1993 due to the preditéistenot being available until then

(Huntington’s Disease Collaborative Research Gra93), the search did not include date
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parameters on the basis that this might excludergaphich did confirm genetic status on an

individual study basis. However, only two paperseMeund which were published before

1993. In the Burns et al. (1990) paper, the HD dansgpdescribed as positive gene carriers,

and in the Pflanz et al. (1991) paper as patiehtsmvthe clinician in charge was confident of

their diagnosis of HD based on clinical presentatio

(<Insert Table 1 and Figure 1 here>)

Results

Forty papers were included in the current scopawiemw; the relevant results are
summarised in Table 2. Of the 40 papers, 12 compasbility in people with HD to
healthy controls, 12 examine changes in irritajpaitross disease stage, two compare
irritability in individuals with HD with those witlother neurological conditions, 17 report
associations with other psychological difficultiagpeople with HD, three describe
interventions and four report potential neurolopmathways for irritability in HD. In

addition, the measures used to assess irritabiléydiscussed.
(<Insert Table 2 here>)
Measures of irritability

A wide range of measures were used in the reviestigties to assess irritability in
people with HD (see Table 3). Eleven studies usedthavioural component of the United

Huntington’s Disease Rating Scale (UHDRS; Andemrsioal., 2016; Banaszkiewicz et al.,

2012; Craufurd et al., 2001; Hubers et al., 2018=deker et al., 2012; Rickards et al., 2010;

Thompson et al., 2002; van Duijn et al., 2014; Ramn et al., 2018; Vassos, Panas, Kladi &

Vassilopoulos, 2007; Yang et al., 2016). Eight ubedProblem Behaviours Assessment
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(PBA,; Craufurd et al., 2001; Gregory et al., 206Bigma et al., 2008; Reedeker et al., 2012;
Thompson et al., 2002; Thompson et al., 2012; vainzt al., 2013; van den Stock et al.,
2015), one its Dutch equivalent (NL-PBA; Bouwenslet2016), and four the PBA short-
form (PBA-s; Fritz et al., 2018; Honrath et al. 180 Martinez-Horta et al., 2016; Ruiz-ldiago
et al., 2017). Three studies used the Irritabfitale (1S; Bouwens et al., 2015; Diago et al.,
2018; Reedeker et al., 2012), four used the Siaithbility Scale (SIS; Berrios et al., 2001,
2002; Kloppel et al., 2010; Maltby et al., 2016¥dwo the Hospital Anxiety and Depression
Scale combined with the SIS (HADS-SIS; Underwoodlgt2016; Vassos et al., 2007). Two
used the Irritability, Depression, Anxiety Scalar(ifagadda et al., 2011; Singh-Bains et al.,
2016), two the John Hopkins Irritability Questiomea JHIQ; Chatterjee et al., 2005;

Kloppel et al., 2010), two the abbreviated Minnaddultiphasic Personality Inventory
irritability scale (MMPI; Kirkwood et al., 2002a0P2b), and two the Neuropsychiatric
Inventory (NPI; Litvan, Paulsen, Mega and Cummirig98; Paulsen, Ready, Hamilton,
Mega & Cummings, 2001). One study each used theaBampulsiveness Scale (BIS;
Nimmagadda et al., 2011), the Present State Exaimin@flanz et al., 1991), the Hostility &
Direction of Hostility Questionnaire (HDHQ); Vassefsal., 2007), the Composite
International Diagnostic Interview (CIDI; Julienat, 2007) and Burns et al. (1990)

developed a bespoke Irritability/Apathy Scale fwgit study.

The IDAS (Snaith et al., 1978) was initially devetal to address the need for scales
to assess irritability in clinical populations, dmals been used in studies assessing irritability
in people with HD (Berrios et al., 2001; Berriosaét 2002; Nimmagadda, Agrawal, Worrall-
Davies, Markova & Rickards, 2011). Snaith et abailibed irritability as a two-dimensional
construct, which led to an elaboration of the IDIA® two subscales measuring outwardly-
and inwardly-expressed irritability (Snaith & Tagld985); these may correspond to the

“irritability” factor on the PBA-s, which comprisesitability and aggressiveness according
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to Ruiz-ldiago et al. (2017). Snaith and Tayloedfseport measure assesses subjective
irritability. Snaith and Taylor’s interpretation gaomewhat supported on factor analysis of
the Snaith Irritability Scale by Maltby et al. (Z8)1who found two equally well-fitting
bifactor models representing the data. Bifactor el®éxplain data via joint explanations, a
single general factor (in this case “irritability®hich explains the shared variance of all
items, and individual (“group”) factors which eagkplain some of the variance too, but
allow recognition of multidimensionality within thaata. Maltby et al. found justification for
Snaith and Taylor’s interpretation (outwardly- andiard-expressed irritability, alongside the
irritability general factor)) but also for anothgfactor model in which “temper” and “self-
harm” were the group factors. Importantly, both mledshowed higher loadings for items for
the general factor, and the general factor expthimere variance; the authors therefore
recommended that the full-scale score should be as¢he overall measure of irritability,
rather than generating sub-scales. This may hagkdations for the validity of studies

which rely on the sub-scales, such as Singh-Bdiak €016), who used the outward
irritability component of the IDAS as a measurerofability when exploring the role of

globus pallidus degeneration in HD.

The PBA is a semi-structured interview used witthqmeople with HD and close others such
as family members. The scale comprises three amathy, irritability and depression), all
with individual sub-scale items (for example assessions/perseverative thinking and psychosis
and includes ratings from patients and informaadsyell as observations from clinicians,
thereby encompassing multiple perspectives. lititglitems include inflexibility,
preoccupations, irritability, and verbal and phgsieggression (Craufurd et al., 2001). Items
are reported on five-point scales to assess betfrélquency and severity of behavioural
difficulties, and multiplied for an overall scor@regory et al., 2015). The short-form PBA-s

is more commonly used now, but retains similar laypatritability and affect factors to the
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original PBA on principal components analysis, &l &s equivalent good inter-rater
agreement (Callaghan et al., 2015).

(<Insert Table 3 here>)

Further measures that have been used to ass&asilityi in people with HD include
the behavioural section of the Unified HuntingtoDisease Rating Scale (UHDRS-b) and
informant-report measures such as the John Hopkitesility Scale and the Burns
Irritability Scale (BIS; Burns et al., 1990). Thenified Huntington’s Disease Rating Scale
(UHDRS; Huntington Study Group, 1996) is one of th@st commonly-used measures,
assessing motor, cognitive and behavioural aspét¢i® as well as functional capacity; it
was used in a number of studies included in theeatireview (Banaszkiewicz et al., 2012;
Hubers et al., 2013; Reedeker et al., 2012; Rickat@l., 2011; Thompson, Snowden,
Craufurd & Neary, 2002; van Duijn et al., 2014)eTBIS also purports to allow an objective
measure of irritability to be obtained from a casefamily member, aiming to measure a
change in behaviour in the context of iliness nathan objective irritability level, i.e.
someone who has always been irritable would béeilylio score highly for irritability using

this scale.

The present results suggest that measures diftaeinconceptualisation and
measurement of irritability. Although multi-itenritability measures such as the Irritability
Questionnaire have been shown to have good retiabid assess various thoughts, feelings
and behaviours related to irritability, scalesragéing to measure irritability also tap into
constructs such as anger and hostility (Holtzma@o@nor, Barata & Stewart, 2015). This
may be problematic in the assessment of irritgbshibce irritability, unlike anger, often
occurs in the absence of a direct antecedent atglltanger, suggesting that they are different

constructs which require differentiation in assessts (Beedie et al., 2005; Craig et al.,
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2008). Nonetheless, despite it being generally askedged that irritability is distinct from
anger and aggression, this is not currently regad the measures used to assess it

(Holtzman et al., 2015).

Irritability in people with HD compared with health y controls

Thirteen studies have compared irritability in peopith HD with healthy controls
(Anderson et al., 2016; Berrios et al., 2001; Beret al., 2002; Diago et al., 2018; Julien et
al., 2007; Kirkwood et al., 2002a; Kirkwood et &002b; Kingma, van Duijn, Tinman, van
der Mast & Roos, 2008; Kloppel et al., 2010; MatrHorta et al., 2016; Reedeker et al.,
2012; van den Stock et al., 2015; Vassos et ab7R®even of these studies found that
irritability is significantly higher in people withiD compared with non-carrier controls
(Berrios et al., 2001; Berrios et al., 2002; Jukeml., 2007; Kingma et al., 2008; Kirkwood
et al., 2002a; Reedeker et al., 2012; van den Stbak, 2015). Additionally, Martinez-Horta
et al.’'s (2016) examination included presymptomaatitividuals not long prior to onset and
found that both this group and those with earlgstllD had significantly higher irritability
than non-carrier controls, indicating that changasitability pre-empt motor onset. In
addition, Kirkwood et al. (2002a) observed an iaseein irritability and clinical hostility
over an average of 3.7 years in pre-symptomatie garriers compared with non-gene
carriers. Similarly, Berrios et al. (2002) foun@tlyene carriers had significantly higher
inward and outward irritability than non-gene carsimeasured by the SIS, which was
suggested to be a possible result of irritabiligynig part of a personality change occurring as
a consequence of HD — importantly, the authorcsadleparticipants prior to genetic testing,

eliminating the confound of psychological effectsimgnosis. These findings demonstrate
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that irritability may develop/increase prior to thecurrence of clinical motor symptoms, and

in general that irritability is a clinical featuaeross the disease course.

However, four of the 12 studies which compared pewofith HD to healthy controls
failed to find a significant between-group diffecenn irritability (Diago et al., 2018;
Kirkwood et al., 2002b; Kloppel et al., 2010; Vassa al., 2007). Kloppel et al. (2010) also
did not find a significant difference between pyeaptomatic gene carriers and non-gene
carriers. Additionally, there was good agreememiben pre-symptomatic gene carriers and
their close companions regarding their level afahility, suggesting that lowered insight

into irritability as reported by Reedecker et a012) may occur later in the disease process.

Similarly to Kléppel et al. (2010), Kirkwood et &2002b) did not find a difference in
irritability between those with manifest HD, preaggtomatic gene carriers and non-gene
carriers as measured by the MMPI. However, althabhghMMPI measures personality traits
and psychopathology, it may not be sensitive taxgka in people with HD because it has
never been standardised for this population. Nae&ss, the use of the SIS (which was
constructed for use with clinical populations) veéso unable to detect differences in
irritability between pre-symptomatic gene carriangl non-gene carriers (Kloppel et al.,
2010). The choice of measure is therefore likelsefmresent only one of several variables

which may have contributed to the lack of signifiteesults.

Finally, Vassos et al. (2007) investigated the psymgical and behavioural features
which differentiate people with HD from non-affedtedividuals, and did not find a
significant difference in either inward or outwandtability as measured by the SIS. The
authors reported a small effect sizedaf 0.20 for inward irritability, which suggests an
effect is potentially detectable, but reported 0.06 for outward irritability, suggesting there

is no difference to find. However, they also répdrthat people with HD showed a
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significantly higher level of extroverted hostilitpmpared with healthy controls, describing
hostility as a personality dimension rather thdrehavioural aspect. Similarly, Berrios et al.
(2002) found that both inward and outward irritdpiloaded onto a personality factor for
people with HD within their derived factor struatuiinward irritability did not load on any
factor for non-carriers), suggesting a qualitatiifeerence in the nature of irritability in
people with HD.. Finally, Anderson et al. (2016)aeted that for non-carriers, irritability
was significantly predictive of suicidal ideatiomereas in gene carriers it was not,
suggesting that irritability may interact differgntvith other psychological variables in

people with the HD gene compared to those without.

Irritability across disease stage

In addition to comparisons between gene carriedshaalthy controls, studies have
explored whether irritability varies across stafdisease. Of the 12 papers comparing
irritability across disease stage, eight did nad fsignificant differences (Bouwens et al.,
2015; Craufurd et al., 2001; Julien et al., 200ifigda et al., 2008; Kirkwood et al., 2002b;
Pflanz, Besson, Ebmeier & Simpson, 1991; Ruiz-ldiagal., 2017; van Duijn et al., 2013).
Six were cross-sectional studies, and two longitaldiThe latter found no significant
increase in irritability between baseline and tveayfollow-up (Bouwens et al., 2015; van
Duijn et al., 2013). Bouwens et al. (2015) measum#ability at two time points using the
Irritability Scale (Chatterjee, Anderson, Moskogitiauser & Marder, 2005) and found that
of those who were irritable at baseline (33%), #@¥ained irritable at follow-up two years
later. Furthermore, of those who were not irritaditi®aseline, only 23% went on to report
irritability at follow-up, so overall only minor tferences were apparent over the two-year
period. van Duijn et al. (2013) additionally remattno difference in irritability at two-year

follow-up compared to baseline.
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Interestingly, although Craufurd et al. (2001) atentified a lack of linear
relationship between irritability and disease dorgtthey did find a less straightforward
relationship. Across their cohort’s disease duratipan of 1-23 years, the authors found that
difficulties defined under the factor ‘irritabilityincluding irritability, verbal aggression,
physical aggression, inflexibility and pathologiepccupation) occurred more frequently in
people with a disease duration of 6-11 years, stgggethat disease stage and irritability may
indeed be related, but in a more complex manndte@ively, however, these studies
suggest that irritability does not appear to beatly associated with disease stage, and
therefore may not be an underlying process assatwith pathological manifestations of

HD.

Conversely, however, three papers identified aedkffice in irritability across disease
stage (Gregory et al., 2015; Thompson et al., 2042;Duijn et al., 2014), although their
findings were inconsistent. Gregory et al. (201&Jnd that irritability was significantly
higher in those with clinically-diagnosed early ldBmpared with pre-manifest HD, although
this research was not extended to those with mibwrareced HD. Martinez-Horta et al. (2016)
also reported significantly increased risk and phence of irritability in groups less than 10.8
years prior to predicted onset or in the earlyesagf HD, in comparison to those further
from predicted onset, although the very broad tpaeseduces the generalisability of this
information and the validity of describing thosa teears from becoming symptomatic as
“close to onset” might also be questioned. van atjal. (2014) additionally found
moderate to severe irritability (using the behav@eomponent of the UHDRS) increased by
stage of disease from 10.4% at stage one (diagnbaedemaining fully functional) to
19.6% at stages four and five (advanced stages)ever, this increase at such advanced

stages of the disease course could potentiallpteegreted as an effect of psychological
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distress due to the increasing impact of HD, aedetfiore a by-product of other symptoms of

HD rather than a direct symptom.

In addition to studies finding a difference intability measures between disease
stages, Honrath et al. (2018) found that irrité&pitias predictive value regarding suicidal
ideation in manifest but not premanifest groupshwremanifest groups more affected by
functional changes in activities of daily livinghereas psychological difficulties such as
irritability were of more relevance in the manifgsbup. This suggests a change in the

impact and role of irritability as HD progresses.

Similarly, a longitudinal study by Thompson et@012) showed an increase in the
presence of irritability (determined as a scorenaf or greater for severity) over time as
measured by the PBA-HD. However, this was limit@d significant linear effect in those
who entered the study at stage one and two, anidh tlmbse who entered at stage three. The
progression of irritability was therefore only esid in early-stage HD. There may, however,
be a confound in their measurements; the authdesthat irritability was common among
their sample, describing poor temper control in 8if%articipants and physical aggression
in 50%. While temper and aggression are frequendgsured independently of irritability, in
this study they were assumed to be aspects @hilitty as opposed to separate constructs.

This may have influenced findings, and reduces @yatiplity with other studies in the area.

Two final studies found decreases in irritabiligsaciated with markers of disease
stage. Although they did not assess disease siaglyl Yang et al. (2016) evaluated
correlations between irritability and CAG repedbe (extent of the genetic mutation,
corresponding to the number of trinucleotide repeatthe chromosome)/age of onset in
Chinese patients, finding that later onset and fe®4&G repeats correlated with lower

irritability. In a similar vein, Singh-Bains et §2016) found that irritability decreased with

16



IRRITABILITY IN HUNTINGTON’S DISEASE

increasing years since onset despite cognitivanastdr deterioration, possibly implying
some stabilisation of irritability with advancinge Therefore, the relationship between

irritability and age or disease stage overall selessthan clear-cut.

When interpreting these findings, consideratiorufthde given to studies in which
participants were taking medication to manage tingiability and the impact this may have
had on its assessment. Participants in Thompsali®{2012) study had access to
psychiatric input, and therefore may have beemtakiedication to manage their irritability;
the increase in irritability only being seen in grealy stages may therefore mean that people
were prescribed medication when it started to ihpadheir quality of life. For example,
Craufurd et al. (2001) reported 35% of participdotbe taking medication to manage
irritability. This might also explain the decreaserritability as the disease progressed,
reported by Yang et al (2016) and Singh-Bains.€R8l16). Consequently, differences in
findings across studies may be influenced by ctitreatment options being accessed by

participants.

Comparing HD with other neurodegenerative conditiors

Since irritability has been reported to occur innmodogical conditions other than HD,
it is appropriate to compare irritability in thisgulation with other neurodegenerative
conditions. Burns et al. (1990) compared peoplé WD with people with Alzheimer’s
disease (AD) on irritability and apathy using aitability/apathy scale developed
specifically for their research, finding no sigonént difference in irritability between the two
groups. However, the HD group showed significahtgher levels of aggressiveness than the
AD group, and their aggressive outbursts lastedgifsigntly longer. Importantly, in both

groups, irritability, apathy and aggression appg&nebe unrelated, suggesting that an
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increase in one would not predict changes in therst Interestingly, irritability correlated
positively with bad temper in the HD group whileté was no correlation in the AD group,
implying that the presentation of irritability anelated constructs may differ between
neurodegenerative conditions. Thus, while therenegasignificant difference between the
two groups, people with HD demonstrated higherlegéaggression and bad temper than

those with AD.

In addition, Litvan et al. (1998) compared peoplthvAD to people with progressive
supranuclear palsy (PSP) using the Neuropsychiatventory (NPI). Irritability was shown
to influence the total NPI score in people with Hidditionally, the HD group scored
significantly higher on agitation, irritability arehxiety, while those with PSP scored higher
for apathy. In the HD group, agitation was poslinarrelated with anxiety, irritability,
disinhibition and euphoria. Similarly, irritabilityas associated with anxiety, disinhibition,
euphoria and depression. Logistic regressions @belitthat people with HD were more likely
to exhibit hyperactive behaviour (agitation, irbiiity) whereas people with PSP were more
likely to exhibit hypoactive behaviour (apathy).€Be results are consistent with the findings
of Burns et al. (1990), who reported that irritapiand apathy can occur independently of
each other. The research in this area is theréfored, but there appear to be important
differences in psychological presentation betweBnardd other neurodegenerative

conditions.

Association with other psychological difficulties

Irritability has also often been investigated alovith other psychological difficulties
reported to be common in people with HD. Of thestiilies comparing irritability with other

psychological difficulties (Anderson et al., 20B3naszkiewicz et al., 2012; Bouwens et al.,

18



IRRITABILITY IN HUNTINGTON’S DISEASE

2015; Bouwens et al., 2016; Burns et al., 1990gDiet al., 2018; Fritz et al., 2018; Honrath
et al., 2018; Hubers et al., 2013; Litvan et #98; Nimmagadda et al., 2011; Paulsen et al.,
2001; Pflanz et al., 1991; Thompson et al., 200&]éswood et al., 2016; van Duijn et al.,
2014; van Duijn et al., 2018), nine reported catiehs between irritability and other
psychological difficulties, and one reported asatian via multiple regression. Nine of these
studies reported significantly positive correlaiamith other psychological difficulties
including apathy (Bouwens et al., 2015; Pflanzletl®91), anxiety (Litvan et al., 1998;
Nimmagadda et al., 2011; Paulsen et al., 2001)edsmn (Litvan et al., 1998; Nimmagadda
et al., 2011; van Duijn et al., 2014), bad temBarr(is et al., 1990) and suicidal ideation
and/or behaviour (Anderson et al., 2016; van Deijal., 2018). Fritz et al. (2018)
additionally identified that poorer behavioural s=o(a composite score from the PBA-HD
short form, covering ten behavioural problems idoig irritability, although not a specific
measure of irritability in itself) were associatedh higher apathy scores (large effect size:
R?=0.30), in line with research specifically examipirritability as a stand-alone variable.
A single paper reported no correlation betweetainility and cognitive impairment

(Thompson et al., 2002).

In addition to the van Duijn et al. (2018) studysaicidal ideation and behaviour,
which found moderate/severe irritability to be msttiepredictive of both, Hubers et al.
(2013) found irritability was significantly positay correlated with suicidal ideation at
baseline. However, this was not maintained at f@ar follow up and thus irritability was
not considered an independent predictor of suicakation. It should though be considered
that since the cohort were all four years furtimo the disease course by follow-up, it should
be considered that the predictive value of irrligbmay relate to disease stage. A further
study by Honrath et al. (2018) found that irritéiikignificantly predicted suicidal ideation

for the manifest but not premanifest group. Thelence is therefore conflicted.
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In a study of apathy and irritability, Bouwens ksa2015) longitudinal analysis
demonstrated that an increase in irritability wesogiated with an increase in apathy over a
two-year period, an association which was mainthaféer confounds such as age, sex,
motor function change and medication use had beetatled. Although the concomitant
increase in apathy and irritability appears paraddxthe authors suggested that while
irritability is often linked to the outward expréss of anger, it may also be expressed and
experienced internally (similar to Snaith and Tagl¢1985) development of the IDA to
examine both inward and outward irritability), athérefore some people with HD may
experience inward irritability alongside externphthy. Consequently, apathy has the

potential to mask irritability by limiting overt gxession.

Furthermore, three studies found associationsdmtwrritability and anxiety. Both
Litvan et al. (1998) and Paulsen et al. (2001) tbuntability to be significantly positively
correlated with anxietyr (= 0.88 and = 0.43 respectively), as measured by the NPI.
Similarly, Nimmagadda et al. (2011) found that jggrants’ inward and outward irritability
scores were both significantly positively assodatéth both their state and trait anxiety, as
measured by the IDAS and State-Trait Anxiety IneentWhile a causal relationship cannot
be determined, irritability could hypotheticallyag in response to feelings of anxiety.
Therefore, people with HD who have higher levelamtiety may be more prone to

becoming irritable.

In addition to apathy and anxiety, there were alssnciations between irritability and
depression. Irritability was found to be positivelyrrelated with depression in Litvan et al.’s
(1998) study using the NPI, and Nimmagadda el 1) found irritability (both IDAS-
inward and IDAS-outward) to be significantly pogdly associated with depression as

measured subjectively by the IDA-D and objectiviayythe Montgomery and Asberg
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Depression Rating Scale (MADRS). However, thesestations did not persist when
irritability was informant-reported on tH&arratt Impulsiveness Scale. The authors suggest
that this could be due to informants not recoguisintability in people with HD struggling
with depression, which is supported by the IDA-ingvaritability score showing a stronger
correlation with the depression score on the MAD&fggesting that people experiencing
depression in HD may internalise irritability arfnai$ hide it from those around them.
Interestingly, evidence suggests that a historyepiression (van Duijn et al., 2014) and bad
temper (Burns et al., 1990) may increase the hioeld of people with HD experiencing
irritability. In contradiction to the above studjé®wever, van Duijn et al. (2018) found only
a weak correlation between depressed mood anahittiiy, although both were

independently predictive of suicidal ideation/bebav in their study.

In terms of associations between irritability andrenfunctional HD symptoms and
characteristics, Banaszkiewicz et al. (2012) fotmad irritability was not significantly related
to functional disability, Bouwens et al. (2016) fmlino relation between plasma cytokine
levels and irritability (although there was a sfgr@int association between plasma cytokine
levels and executive function) and Diago et al1@dound that although markers of poor
sleep quality moderately correlated with irritatyilithese trends were non-significant.
Additionally, Underwood et al. (2016) noted thaenviewer-rated irritability positively
predicted likelihood of severe pain, although geegarticipant-rated irritability did not
(despite participant-rated measures of anxietydmmtession being significant predictors).
This may demonstrate an important lack of insigigcgically into irritability in people with

HD.
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Treatment options for irritability in people with H D

Three papers examined the treatment optionsritability in people with HD
(Bouwens et al., 2015; Groves et al., 2011; van)@i010). Groves et al. (2011) used an
HD irritability survey developed specifically faneir research, which revealed use of various
pharmacological treatments to reduce irritabiliiyhmittle general consensus, particularly
with regards to treatment duration (although tivess some agreement among expert
clinicians regarding selective serotonin reuptaitehitors (SSRIs) and antipsychotics
(APDs) being the preferred medication). Additiopahen considering that people with HD
may also experience other psychological difficgltimedication choice was affected by
reported psychological comorbidities. SSRIs weedgsred when irritability occurred with
comorbid depression and anxiety, whereas APDs aféea used when irritability occurred
alongside aggression and impulsivity (suggestiag ithmay be used to treat these comorbid

difficulties, not the irritability itself).

Given the difference in usage by clinicians, ipassible that the medication used may
actually be affecting the comorbid psychologicdliclilty, e.g. depression, as opposed to
irritability; the treatment of such co-occurrindfatiulties may in fact be more effective than
targeting irritability. Consequently, it could beggiested that irritability occurs as part of
these associated psychological difficulties, iepréssion and anxiety, rather than

representing a valid individual ‘symptom’ of HD.

Interestingly, Bouwens et al. (2015), in a londital study, found that the use of
APDs was associated with an increase in irritgbditer a two-year period. However, it
cannot be ruled out that APDs were prescribed wigability presented and were therefore
an active treatment while irritability increasededo another process, rather than the
medication being responsible for the increase.
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It is also worth noting the general increaseddence of medication associated with
irritability; Martinez-Horta et al. (2016) reportetiong positive correlations between
irritability and use of antidepressants, benzogares and neuroleptics, although since
reason for prescription or associated trackingyoffgoms was not provided, this is not
informative regarding the helpfulness of medicatibms clinically useful however to be
aware of the apparent tendency towards prescripfiomedication in those with increased

irritability, and to consider the justification apdtential risks/benefits in patient care.

Suggested neurological pathways for irritability inpeople with HD

Little is known about the potential neurologichbages associated with the
psychological aspects of HD. Four relevant stubase been conducted (Gregory et al.,

2015; Kloppel et al., 2010; Singh-Bains et al., 204an den Stock et al., 2015)

van den Stock et al. (2015) found evidence oétgtriatrophy and increased irritability
in the gene positive group compared to healthyrotsitThe authors evaluated the
association between clinical irritability and expearce of anger by correlating irritability
scores on the PBA-HD with functional magnetic resare imaging (fMRI) activation in
people who were gene positive, but not showing megmptoms. A significant positive
correlation was identified between irritability apdlvinar activation, implying that the
thalamic pulvinar plays a key role in irritabilily HD. Additionally, anger experience was
associated with hyper-activation of the emotionegignce neurocircuitry. It is important to
differentiate between brain activation relatin@twer and irritability, as these appear to be at
least partially separate. Importantly, researabtiver conditions have implicated striatal and
orbitofrontal-subcortical circuit deteriorationtime development of socially inappropriate

behaviours including irritability (Salloway & Cumngs, 1994), which Paoli et al. (2017)
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argue may also be the case in people with HD; wanStock’s (2015) study of striatal

atrophy may support this to a degree.

Kloppel et al. (2010) found higher levels of regeadrirritation were associated with
stronger amygdala activation in controls compacepkré-symptomatic gene carriers, for
whom equivalent correlational analyses were nonisagnt. The authors argue that
inappropriate responses of the amygdala make pngteynatic gene carriers increasingly
prone to psychological difficulties such as irritdip. Additionally, the involvement of the
amygdala has been highlighted in the experiencegétive emotions such as irritability
(e.g. Leibenluft, 2017), anger (e.g. Reuter, Webmbach, Elger & Montag, 2009) and
frustration (e.g. Yu, Mobbs, Seymour, Rowe & Cal@14) more generally as opposed to

being specific to irritability.

Furthermore, comparing people with early-stagewith pre-manifest HD, Gregory
et al. (2015) found a significant correlation betwerritability (measured by the PBA-HD)
and a decrease in white matter microstructure adheswhole brain (identified via fractional
anisotropy). These findings were reversed in tlobeger to onset, with results maintained
following controlling for medication use. Additiolhg the authors suggested that due to the
dominant involvement of the posterior tracts arfitHemisphere, it is possible that the

increase in irritability could result from cogniéwoverload.

Finally, Singh-Bains et al. (2016) found that detetion in the internal subsection of
the globus pallidus was significantly correlatedhadecreasing irritability in their small-
sample study relating post-mortem neurologicalifigd to clinical symptom scores. The
authors hypothesise that irritability occurs in &zely stages of HD (as also found by
Thompson et al. (2012)) and subsequently stabjleseer due to a natural change over the

years (supported by Singh-Bains et al.’s findinaf ihcreasing years since onset were
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associated with reduced irritability) or becausealivegtion or other management strategies
mitigate irritability over time (Scher & Kocsis, 20). However, no hypothesis relating
specifically to neurodegeneration in this regiorswaggested. Overall, the evidence
regarding how neural changes may relate to irtitghin people with HD seems unclear, and

potentially confounded by other psychological angritive factors.

Discussion

One of the prime difficulties with research intatability is measurement, as
indicated by the wide range of prevalence repanetifferent studies. For example, van
Duijn et al.’s (2007) review found reported ratésratability in people with HD to range
from 38% to 73% as measured by the PBA-HD and Migked, considering that there is no
gold standard for measuring irritability, cut-offases between studies vary somewhat and
are essentially arbitrary (Reedeker et al., 20&2)ing potential for different results. For
example, three studies using the Irritability S¢&lbatterjee et al., 2005; Kloppel et al.,
2010; Reedeker et al., 2012) used varying cutafess of >15 and >14. Statistically, there is
also a loss of sensitivity when assessments abovéelow cut-off are compared; it is
preferable to use continuous variables where plessithich many studies did not (Altman &
Royston, 2006)While efforts have been made to reduce the implagarying cut-offs on
findings, it seems that if irritability is to bemsidered a symptom of HD, standardised
measures and scores specific for people with Hzssential. However, this highlights a
vicious circle; difficulties with agreement regardistandardised measures and clinical cut-
off scores are perpetuated by the lack of agreéditen, which inhibits the ability to

designate clinically valid cut-off scores.

In addition, there remains no gold standard foessigg irritability (Bouwens, van
Duijn, van der Mast, Roos & Guiltay, 2015). Variaugasures have been developed to
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assess irritability both in non-HD and HD populagpfor example, the Buss-Durkee
Hostility Inventory (BDHI) and the Problem BehavistAssessment for HD (PBA-HD), but
there is no consensus on the most appropriataptelor valid measure. The only
recommended scale from the existing literaturéésltritability Scale, which despite having
high internal consistency has only moderate internaliability and so far little evidence of
convergent validity (Mestre et al., 2016). Furtherej the lack of a core and widely-
understood construct means that different meagqutestially measure different constructs.
This can result in inconsistencies in researchiriggl based on the choice of measure, as
opposed to true differences between cohorts. It alsy be important to consider whether a
single measure of irritability is able to provide @acurate depiction of irritability (Kloppel et

al., 2010).

Furthermore, irritability measures can rely on eitkelf-report, caregiver-report,
clinician-based assessment and in some cases anaiiob of the three, and it cannot be
assumed that these are comparable given thatehtfes have been highlighted between e.g.
self- and informant-report, with self-report incseggly diverging from informant-report as
the disease progresses (Chatterjee et al., 20@8teRer et al., 2012). Family- and clinician-
rated measures are limited in that ratings can belipgased on observable behaviour (Bogart,
2011). Self-report measures like the SIS are tbezamportant to measure the individuals’
experience (e.g. of ‘inward irritability’), andirfritability can be conceptualised as a
“temporary psychological state” (Snaith et al., 893.164) then self-report measures can
play a pivotal role in the assessment process Zhhalh et al., 2015). However, self-report
measures may become increasingly unsuitable atigbase progresses and self-awareness
of mood or personality becomes more impaired, aoteramphasis on objective or
interviewer-rated measures may become appropsapglemented with clinician

observations (Burns et al., 1990; Fisher, Sewebw® & Churchyard, 2014; Kirkwood et
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al., 2002b). Measures such as the PBA-HD, whicttanglucted with the person with HD, a
spouse or carer and additionally acknowledge irgemr observations (Callaghan et al.,

2015; Craufurd et al., 2001), may be the best @soior holistic assessment.

Additionally, the lack of agreed definition may mea#at individual participants have
different understandings of irritability (Kloppet &., 2010). Therefore, people’s experience
and understanding of what irritability comprisedikely to differ, as will the behaviours
people attribute to irritability. For example, sopeople with HD may understand anger and
aggression as a consequence of irritability wheo#iaers may not. Such subjectivity is

certain to affect the validity of both self- andarmant-reported measures.

Indeed, it seems apparent that it is difficult &esmine whether irritability is a
separate construct from others such as anger,ssygneand agitation. For example, Paulsen
et al. (2001) found a high correlation betweenahility and agitationr(= 0.81), suggesting
the same construct was being measured and sdiiititanay not be a valid independent
symptom (as it is currently considered). Alternalyy they may comprise associated
constructs; Siemer’s (2009) dispositional theorynafods assumes that moods dispose
people to appraise events/situations in an emdhijocangruent manner. It may therefore be
suggested that irritability predisposes an indigido become angry or make angry
appraisals, consistent with how they are currefieying. The theoretical difficulty in
discriminating between irritability and anger be@meven more difficult when measurement
problems are taken into account; for example, tRéWas used in several studies in the
current review (Litvan et al., 1998; Paulsen et2001; Ruiz-ldiago et al., 2017), in which
the item for irritability is ‘does the patient hasedden flashes of anger’ (Cummings et al.,
1994). Therefore, in Paulsen et al.’s (2001) stadyositive correlation between agitation

and irritability becomes probable as a result efrtieasure used.
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Additionally, irritability has been shown to coraé& positively with anxiety (Litvan et
al., 1998; Paulsen et al., 2001) and depressiduagiiet al., 1998; Nimmagadda et al., 2011).
The findings indicate the potential for irritabylito result from feelings of anxiety and
depression or vice versa, as opposed to it beingdapendent construct. Certainly
irritability research in young people have suggesiat higher levels of irritability predict
aggression, anxiety and depression in early adodtijbeibenluft & Stoddard, 2013),

suggesting an important association (although witlle@termining its nature).

In contrast to this hypothesis, a factor analysihe PBA-HD showed irritability to
be an independent factor (Craufurd et al., 200byvéler, aggression was located within this
factor; this may again suggest that these two coctstare not independent and that
aggression occurs as part of irritability, potehtias an external expression. Furthermore, it
has been suggested that irritability be “viewead aecreased threshold for experiencing
frustration” (Deveney et al., 2013, p.1187). Agaility is often elicited through tasks
which induce frustration, it is possible that mbitlity is the expression of multiple
frustrations, which are likely to differ betweenopée. Consequently, irritability may result
from people struggling to regulate their emotiond behavioural responses; if frustrations
become too much, anger and aggression follow (HaFd¢tcher & Simpson, 2018; Zarotti,

Simpson, Fletcher, Squitieri & Migliore, 2018).

Additionally, from the research reviewed here,¢bacept of irritability has very
limited predictive validity. It modestly predictadicidal ideation in two studies (Honrath et
al., 2018; van Duijin et al., 2018), although inrtath et al.’s study this only applied to
manifest (not premanifest) groups. Otherwise, redljotive value was reported. In addition,
of the 12 papers that investigated irritability@es disease stage, eight did not find a

difference, three found an increase in irritabibtyer time and two found a decrease, with the
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majority therefore suggesting that irritability magt follow the disease course. Where
changes in irritability were found, these still didt follow the course of degeneration, while
other emotional difficulties such as apathy didn@ina et al., 2008).. Equally importantly,
this lack of consensus highlights the aforementiadiéficulties incurred due to heterogeneity
between study methodologies, measurement toolsl@tions of irritability. At present,
outcomes of studies of irritability in people wiHD are affected by measures used, how

irritability is defined and the stage of diseasan(Duijn et al., 2013).

Future research

Future research should consider how irritabityinderstood in the context of HD.
This may include further investigation into the redypathways and circuitry associated with
irritability and considering whether areas arefaict, related to irritability or other
potentially-associated constructs such as angethémnore, consensus should be sought
regarding the measures used to assess irritainilggople with HD and their clinical cut-
offs, particularly in relation to early-stage HDearlier identification may help to mitigate
the effects of irritability on maintenance of empitent and the social/relational aspects of
daily life (Sobreira, Ferreira & Alves, 2016). Amber of psychological interventions are
well-known to be effective for those with anger aujression (see Glancy & Saini, 2005,
for a review) and these might be appropriate foséhwith HD who are considered to

experience irritability.

For irritability to be clinically meaningful, will also be essential to disambiguate
what is meant by the term, what this means in ctmteHD specifically, and whether
different measures do actually assess this consiru@riations of it. Finally, cross-cultural

constructions of irritability remain unaddressedlycmone study took place in a non-Western
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country, China (Yang et al., 2016), and it canreeabsumed that Western-based study

findings generalise across cultures.

Conclusions

Considering the available literature, no satisfgctiefinition of irritability within the
context of HD currently exists. Indeed, consideting correlates of irritability, including
depression, apathy and anxiety, these may currprialyide more meaningful information
about a person’s experience. Additionally, curtezdtment options appear designed to treat
these associated psychological difficulties rathan specifically targeting irritability.
Furthermore, the research remains unclear bo#rims of the biological nature and
aetiology of irritability, its associations withiar psychological and emotional difficulties,
and its relation to similar constructs (e.g. hopeason feels when irritable may lead to the
overt expression of irritability as anger). Therefaneasures need to capture the associated
behavioural, cognitive and affective dimensionsk{tezdt, Norlander & Deffenbacher,

2004).

The evidence presented makes it difficult to codelwhether irritability in people
with HD is a valid concept, with conflicting ressilbeing found. Such investigation does not,
however, exclude or cast doubt on the reality ohtwvie are describing as irritability for
many individuals affected by HD and their clinicsaft does, however, suggest that if we are
to provide effective help, we need to be much eean all aspects of this often extremely

distressing experience.
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Table 1

Summary of studiesof irritability in people with HD

Citation Participants (N) Gender (N) Age (Mean) HDstage Irritability Other measures
measures
Anderson et al. Mutation carriers (270) Female (559) 45 Various UHDRS-b BDI; BHS; BIS;
(2016) Non carriers (531) Male (242) UHDRS-m
Banaszkiewicz et al. HD patient-caregiver - 47.7 - UHDRS-b HAM-D
(2012) dyads (80)
Berrios et al. (2001) Female (10) 37.8 Various IRR PER, BDI, CFQ,
Male (16) SIGNAL, MOC,
DIS, STAI &
STAI2
Berrios et al. (2002) Gene carriers (32)  Female (56) 46.7 Asymptomatic IRR PER, BDI, CFQ,
Non carriers (66) Male (42) SIGNAL, MOC,
DIS
Bouwens et al. Mutation carriers (124) Female (53) 50.7 Premotor NL-PBA UHDRS
(2016) (90 by follow-up) Male (71) symptomatic and MMSE
motor symptomatic Battery of
mutation carriers. executive
functioning tests
Bouwens et al. Mutation carriers (90) Female (49) 49 Pre-motor Irritability Scale PBA
(2015) Male (41) symptomatic (25) (Chatterjee) UHDRS
Motor symptomatic
(64)
Burns et al. (1990) Gene carriers (26) Female (29) 48.3 (HD) - Irritability/Apathy  Yudofsky
Alzheimer’'s disease = Male (28) 70.3 (AD) Scale (developed Aggression Scale
for this research)
Chatterjee et al. Gene carriers (53) Female (21) 48.2 - John Hopkins BDI
(2005) Caregivers (53) Male (32) Irritability Apathy Scale
Questionnaire MMSE
Craufurd et al. Gene carriers (134) Female (71) 50 Various UHDRS, PBA-HD
(2001) Male (63)
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Citation Participants (N) Gender (N) Age (Mean) HDstage Irritability Other measures
measures
Diago et al. (2018) PHD (23) PHD: female (15); male PHD: 37.9 PHD (23) Irritability Scale UHDRS, PSQlI,
EHD (15) 8) EHD: 49.6 EHD (15) ESS, HADS
Family/staff controls ~ EHD: female (9); male Controls: 40.4
(38) (14)
Controls: female (24),
male (14)
Fritz et al. (2018) PHD (193) PHD: female (125); PHD: 43.1 PHD (193) PBA-s UHDRS
EHD (187) male (68) EHD: 51.5 EHD (187) HRQOL measures
LHD (91) EHD: female (104); LHD: 56.2 LHD (91) (EQ-5D; RAND-
male (83) 12; WHODAS)
LHD: female (52); male Neuro-QOL
(39) HDQLIFE
PROMIS
Gregory et al. (2015) Gene carriers (45) Female (49) 46 Pre-symptomatic PBA HADS
PHD (39) Male (35) (39)
Early symptomatic
(45)
Groves et al. (2011)  Physician leaders from - - - -
HD (55) speciality
centres (55)
Honrath et al. (2018) PHD (1220) PHD: female (764); PHD: 37.4 PHD (1220) PBA-s -
MHD (4489) male (456) MHD: 52.5 MHD (4489)
MHD: female (2271);
male (2218)
Hubers et al. (2013)  Gene carriers (2106 aFemale (1034) 50.3 Motor symptomatic ~ UHDRS-b -
baseline, 945 at follow- Male (1072)
up)
Julien et al. (2007) Gene carriers (89) Female (123) 38 - CIDI -
Non carriers (115) Male (81)
Kingma et al. (2008) Non-carriers (56) Female (114) 45.3 Pre-symptomatic PBA UHDRS-m
Gene carriers (152) Male (94) gene carriers (55)

Early symptomatic
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Citation Participants (N) Gender (N) Age (Mean) HDstage Irritability Other measures
measures
(47)
Advanced
symptomatic (50)
Kirkwood et al. Gene carriers (12) Female (28) 44 Pre-symptomatic Abbreviated MMPI -
(2002a) Non-carriers (31) Male (15) gene carriers (12)  (irritability scale)
Non-carriers (31)
Kirkwood et al. HD (175) Female (384) 41.4 Pre-symptomatic ~ Abbreviated MMPI -
(2002b) Non-carriers (363) Male (154) (149) Irritability scale
Manifest HD (26) (content analysis of
MMPI items)
Kloppel et al. (2010) Gene carriers (16) Female (16) 39.3 Pre-symptomatic SIS, John HopkinsBDI
Controls (15) Male (15) 40.4 Irritability BIS11
Questionnaire STAI
Litvan et al. (1998) HD (29) - HD: 43.8 Various stages NPI UHDRS
Progressive PSP: 66.6
Supranuclear Palsy
(34)
Maltby et al. (2016)  Gene carriers (1264) Fematd: 6 48.7 Premanifest to StageSIS UHDRS
Male: 597 V
Martinez-Horta et al. PHD far from onset PHD far from onset: PHD far from onset: 34.8 PHD judged 10.8< PBA-s UHDRS
(2016) (34) female (22); male 12  PHD near onset: 40.4 years from onset
PHD near onset (24) PHD near onset: femaleEHD: 47.2 (34)
EHD (70) (12), male (13) Non-carriers: 43.3 PHD judgec10.8
Non-carriers (101) EHD: female (41), male years from onset
(29) (24)
Non-carriers: female EHD (70)
(67), male (34)
Nimmagadda et al. PwHD & their carers  Female (14) 49.17 Genetically IDAS BADS
(2011) (30) Male (16) confirmed HD BIS MADRS
UHDRS-m
STAI
Paulsen et al. (2001) HD (52) Female (27) 45.5 e NPI UHDRS
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Citation Participants (N) Gender (N) Age (Mean) HDstage Irritability Other measures
measures
Caregivers (52) Male (25)
Pflanz et al. (1991) HD (86) HD: Various Present State -
Male (17) Examination (9
Female (20) Ed.)
Deceased:
Male (17)
Female (32)
Reedeker et al. Gene carriers (130) - - - IS UHDRS-m
(2012) Non carriers (43) PBA CIDI
Informants (158) UHDRS-b
Rickards et al. People with HD (1690) - - - UHDRS-b -
(2010)
Ruiz-ldiago et al. At risk of HD (9) At risk: female (3), At risk of HD: 37.0 At risk of HD (9) PBA-s UHDRS Total
(2017) PMD (12) male (6) PMD: 38.2 PMD (12) Functional
MHD (77) PMD: female (10), MHD: 51.1 MHD (77) Capacity
Control: expansion male (2) Control: expansion NPI
negative (6) MHD: female (39), negative: 44.1
Control: no family male (38) Control: no family history
history of HD (13) Control: expansion of HD: 61.0
negative: female (3),
male (3)
Control: no history:
female (11), male (2)
Singh-Bains etal.  People with HD (8) HD: male (6); female HD: 56.0 Deceased IDAS QNE
(2016) Matched healthy (2) Controls: 66.4 MMSE
controls (7) Controls: male (5), HADS
female (2)
Thompson et al. People with HD (82) Female (41) 49 Clinically diagnosed PBA-HD -
(2002) Male (41) HD UHDRS-b
Thompson et al. HD (111) Female (68) 48 Clinically diagnosed PBA-HD -
(2012) Male (43) HD
Underwood et al. Gene carriers (1474) Female (787) 49 Various; 71% HADS-SIS UHDRS

47



IRRITABILITY IN HUNTINGTON’'S DISEASE

Citation Participants (N) Gender (N) Age (Mean) HDstage Irritability Other measures
measures

(2016) Male (687) between stages I-111 SF-36

van den Stock et al. Gene carriers (20) Female (23) 37.5 Pre-manifest PBA-HD UHDRS

(2015) Non-carriers (20) Male (17) BDI
STAI

van Duijn. (2010) Review of treatment - - - - -

studies
van Duijn et al. HD (121) - - Pre-symptomatic = PBA -
(2013) 46
Symptomatic = 75

van Duijn et al. Gene carriers (1993) Female (977) 50.3 Early and mid-stage = UHDRS-b -

(2014) Male (1016)

van Duijn et al. Gene carriers (1451) Female (795) 48.4 Five disease stages UHDRS-b UHDRS-m

(2018) Male (656) post-motor-onset C-SSRS
PBA (suicidal
ideation item
severity score)

Vassos, Panas, KladiGene carriers (29) Female (37) 34.2 - UHDRS MOC

& Vassilopoulos Non-carriers (35) Male (27) SIS

(2007) HDHQ

Yang et al. (2016) HD patients (58) Female (33) 46.1 Clinically diagnosed UHDRS-b UHDRS-m

Male (25) HD

Abbreviations: AD = Alzheimer’s disease; BADS = Beloural Assessment of Dysexecutive Syndrome; BBesk Depression Inventory; BHS = Beck
Hopelessness Scale; BIS/BIS11 = Barratt Impulsiseigeale; CFQ = Cognitive Failures QuestionnaitB] € Composite International Diagnostic
Interview; C-SSRS = Columbia Suicide Severity Raitale; DIS = Dissociation Questionnaire; EHDIlyestage Huntington’s disease; ESS = Epworth

Sleepiness Scale; HADS = Hospital Anxiety and Degimn Scale; HADS-SIS = Hospital Anxiety and Depi@s Scale-Snaith Irritability Scale; HAM-D =
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Hamilton Depression Rating Scale; HDHQ = Hostiétypirection of Hostility Questionnaire; HDQLIFE =uthtington Disease Quality of Life; HRQOL =
health-related quality of life; IDAS = IrritabilityDepression, and Anxiety Scale; IRR = Snaith’gdhility Scale; IS = Irritability Scale; LHD = latstage
Huntington’s disease; MADRS = Montgomery & Asbergdpession Rating Scale; MHD: manifest Huntingtahisease; MMPI = Minnesota Multiphasic
Personality Inventory; MMSE = Mini-Mental State ExaMOC = Maudsley Obsessive-Compulsive Questioendieuro-QOL = Quality of Life in
Neurological Disorders; NL-PBA = Problem BehavioAssessment — Dutch translation; NP1 = Neuropsyihimventory; PBA = Problem Behaviours
Assessment; PBA-s = Problem Behaviours Assessmamirtform; PER = Personality Deviance Scale; PMemanifest HD; PROMIS = Patient
Reported Outcomes Measurement Information Syst&@| B Pittsburgh Sleep Quality Index; QNE = QuaatifNeurological Examination; SF-36 =
Medical Outcome Study 36-ltem Short Form HealthvByr SIGNAL = Signal Detection Memory Test; SIS ragh Irritability Self-Assessment Scale;
STAI & STAI2 = Spielberger Anxiety scales; UHDRSUnified Huntington’s Disease Rating Scale (-b =débur component; -m = motor component);

WHODAS = World Health Organization Disability Assesent Schedule 2.0.
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Table 2

Results of studies of irritability in people with HD

Citation Aim Results related to irritability
Anderson et al.  Identify associations between No significant difference in suicidal ideation bewwn gene carriers and non-carriers (p = .2275), and
(2016) neuropsychiatric symptoms gene mutation presence did not significantly insecidie chance of the participant reporting suicidal
and suicidal ideation. ideation. For gene carriers, only hopelessnessfisigntly predicted suicidal ideation (for non-gars,
hopelessness, irritability and anxiety were alhgigantly predictive of suicidal ideation).
Banaszkiewicz Identify determinants of Irritability is not significantly associated withsability.

et al. (2012) quality of life, functional
disability and caregiver

burden.
Berrios et al. Investigate the relationship  Compared with available norms, participants shoivetbased levels of ‘outward irritability’. No
(2001) between psychiatric profile  significant correlation with irritability and CAGepeat length.
and CAG repeats.
Berrios et al. Compare psychiatric profiles Significant difference in inward and outward irlitity between GC and NGC, with irritability being
(2002) of gene carriers and non- higher in GC. Factor structure: inward and outwiaithbility were included within the ‘personality
carriers. factor.
Bouwens et al. Identify whether cytokine Plasma cytokine levels were inversely associatéi edecutive functioning (IL-63 = -0.114; p = .01)
(2016) levels are associated with (IL-1ra: B =-0.110; p = .02), but not with any other neugabéatric symptom score including

neuropsychiatric symptoms irritability.
and cognitive dysfunction.

Bouwens et al. Investigate the course and  No significant increase in irritability from basadi to follow-up. At baseline 33% of people with HD

(2015) temporal relationship betweenwere irritable, with 70% of those remaining irritalat 2-year follow-up. Of those who were not
irritability and other irritable at baseline 23% developed irritability2ayear follow-up. Multivariate regression model
psychological difficulties. showed an association between increase in apathgramcrease in irritability, when including

confounds such as age, sex, motor function chaamyesnedication use. Continuous use of
antipsychotics associated with an increase irabiiity.

Burns et al. Compare irritability, No significant difference in irritability or apattbetween the HD and AD groups. HD group were

(1990) aggression and apathy in significantly more aggressive than the AD group agdressive outbursts lasted longer in the HD
people with HD with people group. Irritability, apathy & aggression were ipdadent of each other in both groups. Irritability
with AD. correlated positively with bad temper in the HDgvdut there was no correlation in the AD group.

Chatterjee etal.  Examine agreement between Ndismmt difference in report of irritability betwaePwHD and caregivers. No difference in BDI
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Citation

Aim

Results related to irritability

(2005)

people with HD and their

scores. Difference in apathy scores between theytauaps.

caregivers regarding presence

of irritability, apathy and
depression.

Craufurd et al.
(2001)

Understand behavioural
abnormalities in people with
HD and develop a method of
assessing these changes.

Irritability present in 44% of sample (severityingtof 2 or more). Three factors obtained fromdact
analysis: * apathy; 2 irritability; 3 - depression. Irritability difficulties occurredame frequently in
people with HD with an illness duration of 6-11 geealrritability factor showed no correlation with
duration of illness or CAG repeat length.

Diago et al. Investigate relationships Irritability non-significantly higher in comparissrbetween controls and premanifest HD (mean
(2018) between sleep quality and difference: 1.65; p = .330) and early-stage HD (méifference: 2.00; p = .412). No significant
psychological factors in correlation between sleep quality (rho = .368;.023), sleep latency (rho = .224; p = .177), sleep
people with HD. disturbance (rho = .321, p = .0050), sleep dysfandrho = .193, p = .247) or sleepiness (rho %,37
=.092).
Fritz et al. Examine relationships Better clinician-reported behavioural scores (idotg irritability) associated with better apathyses
(2018) between apathy and (p<.001, adjusted R= .30 (large effect size)). Smaller (moderatéfdrind for physical ability,

behaviour, cognition, physical functioning and cognition.

function and health-related
quality of life in people with
HD.

Gregory et al
(2015)

Investigate structural
connectivity and changes
associated with depression,
apathy and irritability in HD.

Significant difference in irritability between tio groups. Significant negative correlations betwe
irritability score and fractional anisotropy whialas dependent on cumulative probability to onset.

Groves et al.
(2011)

Provide direction for the
management of irritability in
people with HD.

SSRIs were most frequently used to treat mild tdenate irritability in HD. Antipsychotics (APD)
were more commonly used in Europe to treat milchtalerate irritability than in North America &
Australia. SSRIs used when irritability occurredhwcomorbid depression and anxiety. APDs used
when irritability occurred with aggression and irtgivity.

Honrath et al.

Assess neuropsychological

Irritability was not associated with suicidal ideatin the premanifest group, but was a significant

(2018) risk factors for suicidal predictor of suicidal ideation for the manifestgodB = 0.039; SE = 0.012; OR = 1.040, [CI = 1.016-
ideation. 1.064], p = .001).

Hubers et al. Investigates predictors and  Baseline presence of irritability significantly celated with suicidal ideation — those with suitida

(2013) correlates of suicidal ideation ideation were more irritable than those without ltiariate analyses indicated irritability was raot

in people with HD.

independent correlate of suicidal ideation. Atdaltup, irritability was not a predictor of suicidal
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Citation Aim Results related to irritability
ideation in people with HD.
Julien et al. Compare the prevalence of Gene carriers reported a greater prevalence ofidhgymptoms (11%) compared with NGC (4%) — in
(2007) psychological difficulties in  every case irritability was reported. Irritabilityas increased in gene carriers up to 10 years farior
pre-symptomatic gene carriersclinical onset but not in those further from on$ét. significant relationship between proximity to
and non-carriers and to look abnset and irritability within the 10 year period.
the relationship with
proximity to onset.
Kingma et al. Investigate behavioural Factor analysis revealed 3 components: irritabiipyathy and depression. All mutation carriers
(2008) difficulties in people with HD. showed significantly more irritability, apathy & plession than non-carriers. No significant diffex@n

in irritability between advanced symptomatic GCd ather disease stages. No significant relationship
between irritability and depression or apathy.

Kirkwood et al.

(2002a)

Examine whether longitudinal Greater increase irritability and clinical hosyilibserved over time in the pre-symptomatic GC grou
changes in personality can be compared with NGC. No correlation between numbeZAG repeats and irritability in both groups.
detected in pre-symptomatic

gene carriers.

Kirkwood et al.

Investigate whether No significant difference in MMPI scores acrossup®. No significant difference in irritability ag®

(2002b) psychological difficulties can the three groups and no association with proxitaitgnset.
be detected in pre-
symptomatic HD.
Kl6ppel et al. Examine the emotional No significant difference in irritability betweemgasymptomatic GCs and controls. Companions’
(2010) neurocircuitry associated with ratings did not differ from those of the pre-sympadic GCs. Ratings on the SIS were within the
irritation, normal range, apart from 1 pre-symptomatic GC. Nega@motions positively correlated with SIS &
BIS-11.
Litvan et al. Compare neuropsychiatric  Irritability influenced the total NPI score in PwHBwHD scored significantly higher on agitation,
(1998) aspects of HD compared with irritability and anxiety while those with PSP sadiggher for apathy. In PwHD, agitation was
PSP. correlated with anxiety, irritability, disinhibitroand euphoria. Irritability was associated witkiaty,
disinhibition, euphoria and depression. Logistgression analysis indicated PwHD are more likely to
exhibit hyperactive behaviour. People with PSPnaoee likely to exhibit hypoactive behaviour.
Maltby et al. Analyse the factor structure of Confirmatory factor analysis found two bifactor netglto offer the best fit of the data, both comipgs
(2016) the irritability construct as a general irritability factor and two group factot$ outward irritability and inward irritabilityas per

reported via the SIS. the original conceptualisation of the SIS (gen&aealor explained 64.2% of variance; inward irritafpi
13.7%; outward irritability 22.1%); 2) temper arelfsharm, as generated by exploratory factor

analysis (general factor explained 67.3%; tempet%2self-harm 20.5%). Loadings for items were
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Citation

Aim Results related to irritability

higher on the general factor for both models. Renendation is that the full scale score be usedhas a
overall measure of irritability.

Martinez-Horta
et al. (2016)

Explore relationships betweenln the far from onset group, irritability was th@sh prevalent symptom (32%) along with depression

neuropsychiatric symptoms  (no increased risk of irritability by odds ratid).the close to onset group, irritability (56%) viae

and disease stage/controls, assecond-most prevalent symptom after apathy (64%), @R: 5.1. In the early-stage HD group,

well as medication use. irritability was the third most prevalent symptodvy$o) after depression (65%) and apathy (63%), with
OR: 3.6. In the non-carrier controls, irritabiliyas present in 20%. Significant difference onatitity
prevalence between groups (p < .001); close tot@mskearly-stage HD had higher mean irritability
than people far from onset and non-carrier cont®tiong correlation between irritability and uge o
antidepressants®(s .127, p = .001), benzodiazepin€s<r127, p = .001) and neuroleptic§%r.127, p
=.01).

Nimmagadda et

Investigate the association of Both inward and outward irritability were signifitdy positively associated with MADRS scores,

al. (2011) irritability in people with HD ~ STAI state and trait anxiety scores. BIS scoregwesitively associated with STAI trait scores and
with other psychological both outward and inward irritability scores on tBé\. Negative correlation between irritability sesr
constructs and movement and the UHDRS.
disorder.

Paulsen et al. Use the NPI to characterise Irritability endorsed in 65.4% of sample. NPI. Higbrrelation between irritability & agitation

(2001) neuropsychiatric symptoms in indicating two scales are measuring the same eantstrritability also correlated with anxiety and
people with HD. disinhibition.

Pflanz et al. Determine the range and Irritability present in 64% of cases and was tfan®st common difficulty. Irritability occurred

(1991) frequency of psychological  between 0-3 years prior to onset of motor symptdarmss of interest and concentration correlated with

difficulties in people with HD. irritability.

Reedeker et al.
(2012)

Investigate the psychometric Irritability significantly higher in mutation caets (35% irritable) than NC (9% irritable). 28% of
properties of the Irritability mutation carriers considered irritable accordingSiself and informant scales. 50% considered not

Scale against the PBA irritable according to both scales. For the rermgrt3% there was disagreement between participants
irritability factor to establish a and informants (18/27 reported selves as notlnetaut their informant did). Irritability indepeedtly
reliable cut off. correlated with benzodiazepine use.

Rickards et al.
(2010)

Perform a factor analysis on Factor analysis indicated that irritability is &titict ‘psychiatric symptom’ in HD.
completed UHDRS-b
assessments.

Ruiz-ldiago et
al. (2017)

To validate the Spanish PBA-dnternal consistency was good (Cronbachzs.79) and NPI items assessing similar symptoms
including internal consistency, correlated strongly (for irritability, r = .918, gl). Inter- and intra-rater reliability were gogbhen’s
inter- and intra-rater weighted kappa: severity scores: 1.00 (intra-rat88-.92 (inter-rater); frequency scores: .97réint
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Citation

Aim

Results related to irritability

reliability, exploratory factor
analysis and convergent
validity.

rater); .91-.93 (inter-rater)). A four-factor modelcounted for 56% of the variance in outcomes,
comprising irritability (18%), apathy (13%), depsas (15%) and perseveration (10%); the irritaypilit
factor comprised items relating to irritability aadgressiveness. Irritability did not correlatehwit
UHDRS Total Functional Change outcomes (r = .058,.597).

Singh-Bains et
al. (2016)

Relate neurodegeneration in
the globus pallidus to clinical
symptomatology.

Relative to controls, in HD patients the exterriabgs pallidus showed a 54% overall volume decline,
60% neuron loss and 34% reduced soma volume. Titeal@allidum was similarly affected, with a
31% reduction in volume, 48% neuron loss and 64%@ced soma volume. The internal globus
pallidus was less affected (38% loss of overalumm only, without concurrent neuronal loss. Volume
loss was greater at later stages of disease ftrral subdivisions of the global pallidus. Decimgs
internal globus pallidus volume was associated déttreasing irritability (= 0.90; p = .04).
Decreasing volume in the external globus pallidus eentral pallidus was not associated with
irritability (rs = .50; p = .23 in both cases), but was associatiédincreasing cognitive and motor
impairment. Increasing years since symptom onsetals associated with decreased irritabiligy=(
.90; p =.04).

Thompson et al.
(2002)

Investigate how behavioural
change in people with HD
relates to other indices of
disease severity.

Depression & irritability subscales poorly correldtwvith functional capacity, motor impairment &
cognition. Apathy was significantly correlated. URB-b score significantly correlated with PBA-HD
depression & irritability subscales. UHDRS irritidtlyi scale significantly correlated with irritakiii
subscale of the PBA-HD.

Thompson et al.
(2012)

Evaluate the prevalence of
neuropsychiatric difficulties in
people with HD over time.

Irritability common with a prevalence ranging fre#@-83%. Longitudinal analysis showed an increase
in irritability over time with a significant lineaffect in those who entered the study at stagel llia
but not in those who entered at stage Il of HD.

Underwood et
al. (2016)

Evaluate psychological
indicators of pain in people
with HD.

Interviewed-rated irritability was a significantgglictor of pain severity (OR: 1.053, p = .002) afte
controlling for confounds (gender, age, diseasgestanotor function and dementia). Higher
participant-rated irritability score was not assteil with an increase in the odds of greater pain
severity (OR: 1.095, p = .056).

van den Stock et

Identify structural and

Irritability significantly higher in GC vs NC.

al. (2015) functional brain changes

underlying irritability in pre-

manifest HD.
van Duijn. Review the treatments of Suggests use of an SSRI as a first-choice medicaiimanage irritability in people with HD or a
(2010) irritability. mood stabiliser. An alternative would be an antipstic. Behavioural or other psychotherapeutic

interventions should be considered.

van Duijn et al.

Investigate the progression of e2z#yfollow-up: no significant change in irritabjlitAssociations between PBA factor scores and
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Citation Aim Results related to irritability
(2013) irritability, depression and UHDRS-m: as UHDRS-m score increased so did the PAbility factor. In pre-symptomatic group,
apathy in people with HD overstrongest relationship was between an increasedR#4D score and increased irritability score. At
a 2-year follow up. follow-up 15 of the pre-symptomatic group were syonmatic. No significant increase in irritability
compared with those who remained pre-symptomatic.
van Duijn etal. Examine occurrence and 61.4% of HD mutation carriers scored ‘no irritatyili 24.7% scored ‘mild irritability’ and 13.9%

(2014)

correlates of neuropsychiatric scored ‘moderate/severe irritability’. The prevalemf moderate/ severe irritability increased laget
symptoms in people with HD. of disease from 10.4% at stage 1 to 19.6% at st&&edrritability independently correlated with lea
sex, younger age, a history of depression, psystawsl a previous suicide attempt.

van Duijn et al.
(2018)

Examine correlates of suicidalHD gene carriers with moderate/severe irritabiiad significantly higher mean suicidal ideationrsco

ideation and suicidal (0.83, SE 0.09) and suicidal behaviour score ((BE40.04) than those with no or mild irritability.

behaviour in gene carriers.  Moderate/severe irritability significantly predidteuicidal ideation (b = 0.068, p - .01) and suatid
behaviour (b = 0.071, p - .01). Those with mild awdrritability differed only in passive suicidal
ideation (higher for mild irritability, p < .001%uicide attempts had occurred more frequently dseh
with moderate/severe irritability (10.4%) than taegth no (5.6%) or mild (5.7%) irritability. There
were no significant between-group differences &-imjurious behaviour. The correlation between
depressed mood and irritability was weak (r = (82,.001), implying that these are separate

constructs.
Vassos, Panas, Distinguish which behavioural No significant difference in irritability betweendGand NC. Higher extroverted hostility in GC than i
Kladi & and psychiatric features NC. Overlap between the two groups suggests extexv@ostility may not be pathologic in GC.

Vassilopoulos
(2007)

differentiate gene carriers with
non-carriers.

Yang et al. Identify relationships between Irritability was positively correlated with CAG regts (r = .449; p < .001) and negatively correlated
(2016) CAG repeats, age of onset anavith age of onset (r = -.391, p = .002). There wasignificant difference in prevalence (p = .360)
irritability in Chinese scores (p = .403) of behaviour symptoms betweeersraid females.
clinically-diagnosed HD
patients.

Abbreviations: AD = Alzheimer’s disease; BDI = Bdokpression Inventory; BIS/BIS11 = Barratt Impuésiess Scale; GC = gene carriers; HD =
Huntington’s disease; IDAS = Irritability, Depressj and Anxiety Scale; MADRS = Montgomery & Asb&gpression Rating Scale; MMPI = Minnesota
Multiphasic Personality Inventory; NGC = non-geerers; NPI = Neuropsychiatric Inventory; OR = eddtio; PBA = Problem Behaviours Assessment;
PBA-s = Problem Behaviours Assessment — short f%&P = progressive supranuclear palsy; SIS = Shiattbility Scale; SSRI = selective serotonin
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reuptake inhibitors; STAI & STAI2 = Spielberger Aaty scales; UHDRS = Unified Huntington’s Diseas#iRg Scale (-b = behaviour component; -m =
motor component).
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Table 3

Measures of irritability in HD

Measure Description Reliability Validity
Burns Irritability Scale (BIS; Measures irritability and Internal consistency: Convergent:
Burns, Folstein, Brandt & apathy according to carer’s - lrritability: a = 0.82 Psychogeriatric Dependency
Folstein, 1990) ratings and does not include - Apathy:a=0.78 Rating Scaler = 0.87
subjective experience. It usesinter-ratet:
a 5-point scale assessingthe -  Whole interviewx = 0.98
presence of irritability - lrritability: k = 1.00
ranging from “never” to - Apathy:k = 0.85
“always”. Test-retest:

- Whole interviewx = 0.88
- lrritability: k=0.81
- Apathy:k =0.76

Irritability, depression, Scale assessing irritability, Inter-rater:
anxiety scale (IDA; Snaith, depression and anxiety to be - Outward irritability:r = .87-.90
Constantopoulos, Jardine & used within clinical context. - Inward irritability: r = .74-.90
McGuffin 1978) Irritability understood as a - Depressionr = .80-.90
temporary psychological - Anxiety:r = .75-.80
state. Includes 8 irritability  Split-half:
items - Outward irritability:r = .77, .80,
.88

- Inward irritability: r = .70, .92, .93
- Depressionr =.72, .77, .81
- Anxiety:r = .74, .80, .87

Irritability Questionnaire Subjective measure of Internal consistency:

(IRQ; Craig, Hietenan, irritability. Consists of 21 - Global:a=0.90

Markova & Berrios, 2008) items assessing the frequency Split half = 0.78
and severity of irritability - Frequencyn = 0.90
with each individual item Split half = 0.77

Convergent:
Trait anger scale:=0.72
State anger scale= 0.58

IDA outward:r = 0.58
IDA inward:r = 0.49

! Assessed the presence or absence of irritability.
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Measure Description Reliability

Validity

score ranging from 0-3. - Severity:a = 0.89

Split half = 0.58

Retest reliabilityr = 0.82

- BIS:r=0.37

John Hopkins Irritability Objective measure No data available
Scale (Chatterjee, Anderson, (informant-report) of
Moskoqitz, Hauser & Marder, irritability. Consists of 14
2005) items pertaining to irritability
with the range of all possible
scores being 0-42 to assess

the presence of irritability.

No data available

Problem Behaviours Semi-structured interview Inter-rater:

Assessment — Huntington’s  measuring behavioural - Severity:r = 0.86

disease (PBA-HD; Craufurd, difficulties in HD including - Frequencyr =0.84

Thompson & Snowden, 2001)the presence, severity and  Internal consistency = 0.67
frequency. Test-retest:

- Severity:rr =0.94
- Frequencyr =0.92

Unified Huntington’s Disease Assesses difficulties in motor,Internal Consistency:

Rating Scale (UHDRS; cognitive, functional and - Behaviouralo = 0.83

Huntington Study Group, behavioural domains. The - Motor: a =0.95

1996) behavioural section measures - Cognitive:a = 0.90
the frequency and severity of - Functional:a = 0.95

difficulties related to affect,
thought content and coping
styles.

Divergent (Behavioural Total):

- Motor:r =-0.10
- Total Functional Capacity:=
-0.07
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Figure 1. PRISMA flow diagram of studies excluded/includeeach stage.
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