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Abstract

Background Cognitive impairment is an essential feature of Huntington’s disease (HD) and dementia is a predictable out-
come in all patients. However, validated instruments to assess global cognitive performance in the field of HD are lacking.
Objectives We aimed to explore the utility of the Parkinson’s disease-Cognitive Rating Scale (PD-CRS) for the screening
of global cognition in HD.

Methods A multicenter cohort of 132 HD patients at different disease stages and 33 matched healthy controls were classi-
fied as having preserved cognition, mild cognitive impairment (HD-MCI) or dementia (HD-Dem) according to the Clinical
Dementia Rating and Functional Independence Score. The PD-CRS and the Mini-Mental State Examination were admin-
istered. Receiver operating characteristic curve analysis was used to determine optimal cutoffs to differentiate patients
according to their cognitive status.

Results A PD-CRS cutoff score <81/82 was optimal to detect HD-MCI (sensitivity = 93%; specificity =80%; area under
the curve (AUC)=0.940), and < 63/64 was optimal to detect HD-Dem (sensitivity =90%; specificity =87%; AUC=0.933).
MMSE scores failed to show robust psychometric properties in this context.

Discussion The PD-CRS is a valid and reliable instrument to assess global cognition in HD in routine clinical care and
clinical trials.

Keywords Huntington’s disease - Neuropsychology - Cognition - Cognitive assessment - Psychometrics

Introduction

Huntington’s disease (HD) is a monogenetic, autosomal
dominant neurodegenerative disorder caused by a CAG
polyglutamine expansion in the HTT gene [1]. Clinical diag-
nosis is based on the presence of unequivocal motor abnor-
malities such as chorea, dystonia, parkinsonism and gait
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abnormalities. However, almost all patients with HD will
also exhibit behavioral disturbances and cognitive decline
[2]. Cognitive deterioration is progressive and can be tracked
as early as 15 years before the emergence of the first motor
symptoms [3, 4]. Although a clear pattern of transition from
normal cognition to mild cognitive impairment has not been
strictly defined in HD, dementia appears to be a predictable
outcome [2, 5].

Cognitive impairment and dementia in HD have mostly
been ascribed to progressive basal ganglia atrophy [4, 6].
Accordingly, it has been proposed that disruption of the
frontal-subcortical circuitry is the main contributor to the
prototypical frontal-executive neuropsychological profile
of cognitive impairment and dementia in HD [5, 6]. More
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recently, widespread brain changes involving white matter
alterations and posterior—cortical thinning have also been
shown to contribute to the clinical picture of this disorder
[4, 7-10].

Cross-sectional and longitudinal observational studies
of HD have illustrated that performance in many cognitive
tasks, especially in those addressing executive functions and
processing speed, worsens linearly as disease progresses [11,
12]. These studies have identified important cognitive bio-
markers to monitor the progression of HD. From a clinical
and practical perspective, these measures allow clinicians to
track disease progression or capture differences with healthy
individuals, but they do not classify patients according to
their global cognitive status in terms of cognitive normality,
mild cognitive impairment, or dementia.

Formally, mild cognitive impairment (MCI) can be sus-
pected when performance in standardized neuropsychologi-
cal measures is below age- and education-adjusted means
but no significant impact on activities of daily living (ADL)
is evident. Dementia is assumed when objective cognitive
impairment is sufficiently severe to significantly interfere
with ADL. In neurodegenerative diseases, both MCI and
dementia are formally diagnosed on the basis of Level 11
assessment, a comprehensive neuropsychological examina-
tion covering several cognitive domains. However, Level
I assessments, that is, screening approaches using brief
instruments that have been tested in specific diseases is also
accepted. Testing general screening instruments in different
diseases is of major importance, because cutoff scores for
MCT and dementia may differ significantly between diseases.
Such differences indicate that the same diagnostic criteria
and assessment approaches do not apply equally for all neu-
rodegenerative diseases. Although cognitive deterioration is
a predictable outcome in HD, specific diagnostic criteria for
MCI or dementia and validated instruments in HD are lack-
ing [13]. Furthermore, few studies have addressed the preva-
lence and profile of MCI and dementia in HD [5, 14, 15].

The validation of instruments to evaluate global cogni-
tion in HD is of major importance [13]. Besides the value of
characterizing global cognitive status for the work-up of HD
patients in clinical practice, global cognitive assessments
may be a requirement for the inclusion of patients in clinical
trials. Currently, however, validated HD-specific scales for
measuring global cognition are lacking and the global cogni-
tive instruments usually used in clinical practice, such as the
Mini-Mental State Examination (MMSE) or the Montreal
Cognitive Assessment Battery (MoCA), or the HD Cogni-
tive Assessment Battery (HD-CAB) or the Unified Hunting-
ton’s Disease Rating Scale (UHDRS) cognitive score, offer
no specific cutoff scores for the screening of cognitive status
in the HD population [13, 16, 17].

The Parkinson’s Disease-Cognitive Rating Scale (PD-
CRS) is a screening instrument that addresses global
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cognition. It is freely accessible for non-profit scientific
research (www.movementscales.com). It was specifically
developed to capture the whole spectrum of cognitive
changes in Parkinson’s disease (PD) [18, 19]. In PD, fron-
tal-executive deficits characterize the profile of early cogni-
tive changes and MCI, but the addition of posterior—cortical
alterations define the transition from MCI to dementia [18,
20]. Accordingly, the PD-CRS tests performance in fron-
tal-executive and posterior—cortical-dependent tasks, and
could be a powerful approach to characterize both fron-
tal—striatal and posterior—cortical alterations in HD. It has
demonstrated excellent psychometric attributes to differen-
tiate patients with normal cognition from those with MCI
and dementia in PD [18, 19], and it has been recommended
by the NINDS and MDS task force on PD-MCI. It has an
alternative form for use in re-testing as it has been trans-
lated into 19 languages. Besides, it has shown reliability
and discriminative capacity equivalent to a comprehensive
neuropsychological assessment using two tests for each cog-
nitive domain [21]. In the present work, using a large multi-
center HD sample, we validated and tested the psychometric
properties of the PD-CRS as a screening instrument to assess
global cognition in this population.

Methods
Participants

One hundred and seventy-two participants were recruited
in a multicentric study from ten hospitals in five European
countries (78 participants from Spain, 59 from Italy, 11 from
Portugal, 21 from Germany, and 3 from Poland). One hun-
dred and thirty-nine participants were symptomatic gene
mutation carriers (CAG > 38) and 33 were gene-negative
healthy controls. Participants were classified as symptomatic
based on a UHDRS-TMS >4 and a diagnostic confidence
level =4, indicating that motor abnormalities were unequivo-
cal signs of HD with >99% of confidence. All participants
were free of any neurological disorder other than HD. We
excluded individuals with a history of traumatic brain injury,
epilepsy, drug abuse, or non-compensated systemic disease
(i.e., diabetes).

Assessments

Clinical and sociodemographic variables recorded were age,
gender, education, and CAG repeat length. The severity of
motor symptoms was rated by trained neurologists using
the UHDRS-TMS [22]. The UHDRS Functional Independ-
ence Scale (FIS) and total functional capacity (TFC) test
were administered to obtain measures of independence in
instrumental and basic activities of daily living (ADL) [22,
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23]. The FIS scale is based on 25 questions (with yes/no
responses) that qualify abilities to independently perform
ADLs. A score of “independence” is computed from the
answers provided, ranging from 100% (no special care
needed) to 10% (tube fed, total bed care). Patients at a more
advanced disease stage were excluded due to their incapacity
to perform the assessments.

The TFC rates occupation, finances, domestic chores,
ADLs and care, giving a total score from 0 to 13. Disease
stage was determined according to the Shoulson and Fahn
criteria for HD staging (TFC > 10 for stage I, TFC 6-10 for
stage II and TFC < 6 for stage III). The disease burden score
(DBS)—a measure of livelong exposure to mutant Hunting-
ton—was calculated using the formula based on age and
CAG repeat length: [age X (CAG — 35.5)] [24].

In the absence of a comprehensive neuropsychological
assessment and a validated gold standard to classify patients
according to their cognitive status in HD, we followed the
approach previously used during the development of the
PD-CRS [18] and the study of its psychometric properties
for MCI in PD [19]. Accordingly, we used the information
provided by the Clinical Dementia Rating Scale (CDR) [25].
The CDR assesses cognitive and functional performance
in six areas: memory, orientation, judgment and problem
solving, community affairs, home and hobbies, and personal
care. A CDR of 0 indicates no cognitive deficits, 0.5 indi-
cates very mild cognitive impairment, and 1-3 indicate mild
to severe cognitive impairment. The CDR was used as the
gold standard in the first validation study of the PD-CRS.
This scale has been used as the main cognitive outcome in
many studies [18]. Moreover, to follow the same approach
as that used in previous studies addressing the usefulness
of a screening instrument to assess cognition in HD, we
added the FIS [5]. As in these previous works, we used a
FIS score > 80%, which indicates a decline from pre-disease
level of employment, impaired performance in household
chores, and difficulties managing finances. Accordingly,
patients with a CDR score of 0 and an FIS score > 80% were
classified as cognitively preserved (HD-NC), patients with
a CDR=0.5 and a FIS > 80% were classified as MCI (HD-
MCI), and patients with a CDR > 0.5 and a FIS < 80% were
classified as demented (HD-Dem).

The PD-CRS was administered to all study participants.
It is composed of nine subtests that assess immediate ver-
bal memory, naming, sustained attention, working memory,
unprompted drawing of a clock, copy of a clock, delayed free
recall, alternating verbal fluency, and action verbal fluency.
The PD-CRS provides a total score ranging from O to 134 and
two independent frontal-subcortical and posterior—cortical
subscores. The frontal-subcortical score is obtained by adding
the immediate verbal memory, sustained attention, working
memory, unprompted drawing of a clock, delayed free recall,
alternating verbal fluency, and action verbal fluency. The

posterior—cortical score is obtained by adding naming and the
copy of a clock. Administration and scoring procedures for the
different tasks composing the PD-CRS are stated in the source
document of the scale which is available at www.movementsc
ales.com. Time of administration varies as a function of the
patient’s cognitive status but is around 15-25 min in patients
with PD. We also administered the commonly used MMSE
screening test for comparative analyses. The idea behind add-
ing this test was to explore the comparative accuracy in terms
of discriminative properties of the MMSE vs the PD-CRS.
Presence and severity of behavioral symptoms were addressed
using the short form of the Problem Behavior Assessment
Scale for HD (PBA-s) [26].

All procedures performed in the present study were
approved by the ethics committee at Hospital de la Santa
Creu i Sant Pau in Barcelona and conducted in accord-
ance with the 1964 Helsinki Declaration and its later
amendments.

Statistical analysis

Data are expressed as means + standard deviations (SDs) for
continuous variables and as percentages for the categorical
variables. Group comparisons were performed using inde-
pendent ¢ tests and analyses of variance (ANOVAs) for con-
tinuous variables, Mann—Whitney for ordinal data, and the
4 test for categorical variables. To calculate the effect size
of the differences observed between cognitive groups we
used Cohen’s d coefficient (d value: 0-0.3, small effect size;
0.3-0.6, moderate effect size; > 0.6, large effect size). Binary
logistic regression analysis was performed to test the clas-
sification capacity of the obtained cognitive measures and
the influence of other collected variables. Receiver operator
characteristic (ROC) curves were generated to explore the
discriminative capacity of both the PD-CRS and the MMSE.
Total scores in the PD-CRS and MMSE were used as pre-
dictor variables and cognitive groups as state variables. We
calculated sensitivity, specificity, positive predictive value
(PPV) and negative predictive value (NPV) for the obtained
cutoffs. Scores reflecting the maximum accuracy cutoff
(maximum combined sensitivity and specificity) were cho-
sen. To explore the PD-CRS performance in each group,
we conducted comparisons between each subtest of the PD-
CRS. All the statistical procedures were performed using the
SPSS v16.0 statistical software package.

Results
Clinical and sociodemographic data

The sample consisted of 139 symptomatic gene muta-
tion carriers (mean age=>51.6 + 10; mean CAG repeat
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length=43 +2; mean education=12.2 +4.5) and 33 healthy
controls (mean age =52.1 + 8.7; mean education=12.7 +4)
matched for age, gender and education. As expected, signifi-
cant differences were found in all the clinical (motor, cogni-
tive, functional and behavioral) variables when comparing
healthy controls and the whole HD group.

According to the CDR and the FIS, all healthy controls
were classified as cognitively preserved. In the HD sample,
36 cases were classified as HD-NC, n=63 were classified as
HD-MCI, and n=41 were classified as HD-Dem. Regarding
disease stage, 75% of the HD sample were stage I, 43% were
stage II, and 21% were stage III. Regarding cognitive groups,
in the HD-NC group 35 patients were stage I, 1 was stage
IT and no patients were stage I11. In the HD-MCI group, 31
patients were stage I, 29 were stage II, and 2 were III. In the
HD-Dem group, 9 patients were stage I, 13 were stage II and
19 were stage I1I (see Table 1).

Correlation analysis

Partial bivariate correlation analysis was performed between
the PD-CRS, the MMSE, age, education, CAG repeat length,
PBA scores, and TFC. In this analysis, the influence of
motor symptoms in terms of UHDRS-TMS was controlled.
The PD-CRS and the MMSE showed moderate correlation
coefficients with educational level (PD-CRS: r=0.522;

Table 1 Clinic and sociodemographic characteristics of the sample

P<0.001; MMSE: r=0.403; P <0.001) and with TFC (PD-
CRS: r=0.294; P <0.005; MMSE: r=0.346; P <0.001).
Moreover, the MMSE showed a moderate correlation with
the severity of psychotic symptoms (»r=— 0.322; P <0.001)
and apathy (r=— 0.201; P<0.05). A mild association was
found between total PD-CRS score and severity of depres-
sive symptoms (r=— 0.195; P <0.05).

Discriminative validity between cognitive groups

One-way ANOVA showed significant differences between
the HD cognitive groups in education (P <0.001), CAG
repeat length (P <0.002), PD-CRS total score (P <0.001),
MMSE (P <0.001), UHDRS-TMS (P <0.001), TFC
(P<0.001), FIS (P <0.001), PBA apathy score (P <0.005),
and PBA executive dysfunction score (P <0.005).

We used stepwise logistic regression analysis (forward,;
conditional) to determine the variables that independently
differentiated HD-MCI and HD-Dem from HD-NC. The
variables found to be significantly different between cogni-
tive groups in the one-way ANOVA were included in the
analysis to assess their contribution to group discrimination.
The PD-CRS total score (P <0.001; odds ratio, 0.90; 95%
confidence interval, 0.81-0.91), the PBA executive dysfunc-
tion score (P <0.01; odds ratio, 0.84; 95% confidence inter-
val, 0.78-0.91) and the TFC (P <0.01; odds ratio, 0.47; 95%

s

Controls HD HD-NC HD-MCI HD-Dem P

Age 52.1+8.7 51.6+10 50.6+7.3 52.5+104 51.1+11 0.788 0.618
Gender (f/m) 17/16 75/64 24/12 29/33 22/19 7$=0.525 7=0.163
Education 12.7+4 122+4.5 15+£3.4 11.9+4.5 10.4+4.3 0.604 <0.001
CAG - 433+25 423+1.8 432+23 433+28 - <0.005
DBS - 493 +100 445+91 495+100 498 +92 - <0.001
UHDRS-TMS 0 31+20 14.4+104 30.5+15.8 47.6+19.8 <0.001 <0.001
TFC 13 10+2.7 122+09 10.5+1.7 77432 <0.001 <0.0001
Disease stage

Stage I - 75 (54%) 35(97.2%) 31 (50%) 9 (22%) - <0.001

Stage I - 43 (30.9%) 1(2.8%) 29 (45.8%) 13 31.7%) - <0.001

Stage III - 21 (15.1%) - 2(32%) 19 (46.3%) - <0.001
FIS 100 85.1+14.3 97.5+4.8 86.7+8.1 71.9+16.3 <0.001 <0.001
MMSE 291+12 25.8+3.8 28.6+1.8 26.6+2.4 222+4.1 <0.001 <0.001
PD-CRS 102.7+11 7324228 97.4+124 74.3+15 50.2+15 <0.001 <0.001
PBA-s

Depression 0.3+09 4.8+59 3.1+3.8 5.6+6.5 5+6.4 <0.001 0.128

Irritability 02+1 33+4.8 1.9+3.2 37+£52 4+5 <0.005 0.131

Apathy 0 3437 1.8+2.7 2.8+3.6 4.6+4.1 <0.001 <0.005

Psychosis 0 03+1.3 04+15 02+0.8 04+1.6 0.190 0.842

Executive dysfunction 0 3.8+4.6 1.5+25 45+5.1 4.8+4.7 <0.001 <0.005

*P values were determined with ¢ test for independent samples between healthy controls and HD

P values were determined with ANOVA between HD-NC, HD-MCI and HD-Dem
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confidence interval, 0.78-0.92) were identified as the best
variables differentiating HD-NC from HD-MCI. The PD-
CRS total score (P <0.001; odds ratio, 0.90; 95% confidence
interval, 0.87-0.94) was the best variable to differentiate
HD-Dem from non-demented HD patients.

The PD-CRS total score was excluded from the stepwise
logistic regression analysis to focus on the capacity of the
MMSE to differentiate between cognitive groups. The per-
formance of the MMSE at independently differentiating
HD-NC from HD-MCI was poor (P> 0.05; odds ratio, 0.74;
95% confidence interval, 0.714-0.970) but it discriminated
HD-Dem from non-demented HD (P <0.001; odds ratio,
0.60; 95% confidence interval, 0.498-0.721). Moreover,
education and UHDRS-TMS contributed significantly to
differentiating HD-MCI (P < 0.005; odds ratio, 0.80; 95%
confidence interval, 0.693-0.913) and UHDRS-TMS con-
tributed significantly to differentiating HD-Dem (P < 0.001;
odds ratio, 0.64; 95% confidence interval, 0.529-0.786).

ROC curve analysis conducted within the HD sample
indicated that a PD-CRS total score <81/82 of 134 was
the maximum accuracy cutoff to detect MCI (sensitivity,
93%; specificity, 80%; PPV, 65%. NPV, 89%; area under the
ROC curve, 0.940; 95% confidence interval, 0.908-0.971)
and a PD-CRS total score < 63/64 of 134 was the maximum
accuracy cutoff to classify patients as HD-Dem (sensitivity,
90%; specificity, 87%; PPV, 80%. NPV, 88%; area under the
ROC curve, 0.933; 95% confidence interval, 0.896-0.970).
Table 2 summarizes the different accuracy using different
PD-CRS cutoff scores.

For the MMSE, the maximum accuracy cutoff to detect
MCI was a total score <26/27 of 30 (sensitivity, 80%; spec-
ificity, 39%; PPV, 58%; NPV, 80%; area under the ROC
curve, 0.773; 95% confidence interval, 0.674-0.871) and at
a total score <24/25 of 30 to detect dementia (sensitivity,
85%; specificity, 65%; PPV, 53%; NPV, 91%; area under the
ROC curve, 0.884; 95% confidence interval, 0.825-0.942).
Table 2 shows the cutoff values and their sensitivity, speci-
ficity, PPV, and NPV (see Fig. 1).

PD-CRS performance between cognitive groups

We compared the PD-CRS total score and all the scores
obtained in each subtest of the PD-CRS between each cog-
nitive group (see Fig. 2 in supplementary data). As seen
in Table 3, the only subtest that differed between healthy
controls and HD-NC was the unprompted drawing of a clock
(P <0.01). Significant differences were also found in all the
subtests between healthy controls and HD-MCI and HD-
Dem. Focusing on the HD sample, the only subtests that
did not differ significantly between HD-NC and HD-MCI
groups were the unprompted drawing of a clock (P =0.846)
and the copy of a clock (P <0.210). As reflected by Cohen’s

Table2 Accuracy measures for the screening of MCI and dementia
using different PD-CRS cutoff scores

Sensitivity Specificity
PD-CRS cutoff for MCI
79/80 0.93 0.74
80/81 0.93 0.76
81/82* 0.93 0.80
82/83 0.89 0.81
83/84 0.86 0.82
PD-CRS cutoff for dementia
61/62 0.91 0.75
62/63 0.90 0.82
63/64* 0.90 0.87
64/65 0.89 0.87
65/66 0.88 0.87

#Area under the receiver operating characteristic curve analysis indi-
cates that this was the optimum cutoff score to distinguish between
cognitive groups

Italicized value indicates the cutoft score showing the best discrimi-
native capacity

d, large effect sizes were found for all the significantly dif-
ferent comparisons.

Discussion

The present study demonstrates the utility of the PD-CRS
as a practical and valid method to capture global cognitive
deficits in HD. To our knowledge, this is one of the first
studies to address the psychometric properties of a screen-
ing instrument for global cognition in HD [5, 24, 27-29].
Importantly, specific cutoff scores were determined to detect
not only patients with dementia but also patients with mild
cognitive deficits that were not sufficiently severe to signifi-
cantly interfere with their functional independence.

In absence of a formally validated cognitive gold stand-
ard for use as a comparator, we used the combination of
the CDR and the FIS [5, 18]. Using this classification, we
found no significant differences between HD patients classi-
fied as cognitively preserved and age and education-matched
healthy controls, thus supporting the reliability of our gold
standard.

The PD-CRS total score showed excellent discriminative
capacity to differentiate between cognitive groups. Notably,
although the prevalence of HD-Dem was higher in Stage
III, a non-depreciable prevalence of cases with HD-Dem
was already observed in stages I and II. A PD-CRS total
score < 81/82 was found to be the optimum cutoff score to
detect mild cognitive changes that associate mild to no inter-
ference with functional independence in HD. Conversely,
a PD-CRS total score <63/64 was found to indicate that
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cognitive impairment is severe and compatible with the
general definition of dementia based on the degree of inter-
ference on ADL. Interestingly, the observed PD-CRS cutoff
scores for MCI and dementia in this large HD sample are
equivalent to those previously found in the PD population
[18, 19]. Equivalent properties were not found for a com-
monly used instrument like the MMSE. The MMSE cutoff
score <26/27 showed very low specificity (36%) at detecting
MCT and the cutoff score <24/25 showed poor specificity
(65%) to detect dementia.

In HD, progressive cognitive deterioration is inseparable
from the progression of other coexisting motor and behav-
ioral symptoms [5, 11, 12]. When addressing the possible
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influence of these additional symptoms on the discrimina-
tion among cognitive groups, the PD-CRS total score was
the best variable independently differentiating each cogni-
tive group. In contrast, the MMSE on its own failed to serve
this purpose, and when the PD-CRS was excluded from the
model, both the UHDRS-TMS and education level were bet-
ter predictors of cognitive status than the MMSE.

In all groups, both the PD-CRS and the MMSE showed
strong correlations with education and mild correlations
with TFC. However, in the logistic regression analysis, nei-
ther education nor TFC appeared to influence the capacity
of the PD-CRS to predict the cognitive status. Conversely,
performance on the MMSE was associated with the sever-
ity of apathy and psychotic symptoms. Accordingly, as seen
with other cognitive measures, educational level seemed to
influence the PD-CRS performance but did not alter its dis-
criminative capacity.

The PD-CRS was significantly lower in the main HD
sample than in healthy controls. According to the PD-CRS
subtests, it was lower in the HD sample than in healthy con-
trols. Looking at each group separately, PD-CRS was lower
in HD-NC but not significantly different from that in healthy
controls. The only task that was significantly different
between these two groups was the unprompted clock draw-
ing. Beyond constructional abilities, this task assesses plan-
ning, sequencing and conceptualization, a set of processes
that are intimately associated with frontal—striatal function-
ing and known to be disrupted early in the course of HD.
The comparison between HD-NC and HD-MCI revealed
that performance was significantly lower in the HD-MCI
group for all the frontal-subcortical tasks but comparable
for the posterior—cortical tasks (confrontation naming and



Journal of Neurology (2020) 267:1527-1535 1533
Table 3 PD-CRS performance between cognitive groups
Mean +SD
Controls  HD-NC HD-MCI HD-Dem  ANOVA Tukey’s test” Cohen’s d
Total score 1027411 97.4+124 742+15.1 502+153 <0.001 <0.001%<0.001¢/>0.05%<0.001° 1.686"1.584°
Frontal-subcortical score 74.6+9.8 69.4+11.7 48.6+13.3 29.1+113 <0.001 <0.001%<0.001¢/>0.05%<0.001° 1.660°1.580°
Immediate verbal memory 93+1.6 89x1.5 7.6+2 56+1.7 <0001 <0.01%<0.001%>0.05%<0.001° 0.7351.077°
Sustained attention 9.6+£0.6 82+1.8 59+3 34+27 <0.001 <0.001%<0.001%>0.059<0.001° 0.929°/0.875°
Working memory 63+2.1 63+1.6 44+2 22+18  <0.001 <0.001%<0.001>0.05%<0.001° 1.049°/1.156°
Clock draw 9.6+£0.5 8.1x2 79+1.6 5425 <0001 >0.05%<0.001%<0.01%<0.001° 1.381%1.028¢
Delayed verbal memory 75+18 75%2 49+2.6 34+23  <0.001 <0.001%<0.01%>0.05%<0.001° 1.120°/0.611°
Alternating verbal fluency  13.3+4.1 129+49  7.5+3.7 38+2.7  <0.001 <0.001%<0.001%>0.05%<0.001° 1.243%/1.142°
Action verbal fluency 185+5.6 17.2+6.1 102+44  56+35 <0.001 <0.001%<0.001>0.059<0.001° 1.316°1.157°
Posterior—cortical score 28.1+1.9 28+19 256+3.6 21.1+55 <0.001 <0.05%<0.001%>0.05%<0.05° 0.833%0.968°
Confrontation naming 183+1.8 183+1.7 164+3 13.7+43  <0.001 <0.05%<0.001%>0.05%<0.05°  0.779°/0.728°
Copy of a clock 97405 9.6+06 9.1+x1.1 73+23 <0001 >0.05%<0.001%>0.05%>0.05° 0.998°

2Controls vs HD-Dem = P <0.001 in all the variables
"HD-NC vs HD-MCI

‘HD-MCI vs HD-Dem

dControls vs HD-NC

¢Controls vs HD-MCI

copy of a clock). Conversely, compared to the HD-NC and
HD-MCI groups, performance of the HD-Dem group was
significantly lower in all the tasks, including those associ-
ated with posterior—cortical areas. These findings suggest
that although early cognitive changes in HD are prominently
circumscribed to frontal-subcortical dysfunction, the transi-
tion to more severe cognitive impairment is accompanied by
additional cognitive alterations in more cortical-dependent
tasks (i.e., confrontation naming and visuoconstructional/
visuospatial abilities) [30-32]. Interestingly, these results are
comparable with those reported in previous studies address-
ing other neurodegenerative diseases, such as PD [18, 20].
Although progressive cognitive impairment leading to
dementia will affect mostly all individuals with HD, stand-
ardized methods to address cognitive assessment and spe-
cific diagnostic criteria for MCI and dementia in HD are
lacking [13]. Several cognitive measures were found to be
extremely sensitive for tracking the progression of the dis-
ease from the prodromal stage or to distinguish patients from
healthy controls. All these measures, including the SDMT,
the Stroop word-reading and color-naming tests, the indirect
circle drawing test, the facial emotion recognition test and
the UHDRS cognitive composite score, provide valuable
indirect information regarding cognitive and disease pro-
gression. However, they do not allow patients to be classified
according to global cognitive status in terms of cognitive
normality, MCI or dementia. To achieve this, specific stand-
ards must be followed. However, although specific diagnos-
tic criteria for MCI and dementia and assessment recom-
mendations are available for almost all neurodegenerative

processes involving cognitive deterioration (i.e., Alzheimer’s
disease, Parkinson’s disease, ALS, fronto-temporal lobar
degeneration, multiple sclerosis), such criteria are lacking
for HD [13]. Studies from other disorders have highlighted
that diagnostic criteria for one disease do not necessarily
capture the specificity of cognitive changes characterizing
other diseases. Accordingly, when general and unspecific
approaches are used the rate of false negatives/positives
increases significantly. To solve this issue, cutoff scores in
specific diseases have been established by addressing the
discriminative properties of screening instruments against
a gold standard. This approach illustrates that some screen-
ing instruments have good discriminative properties in one
disease but poor properties in others, or that a specific cutoff
score in a given test is valid in one disease but not in another.
Although such testing has been performed systematically in
some fields, little has been done in HD. As a result, currently
used cutoff scores for the MMSE or the MoCA in HD are
those originally developed to assess diseases with cognitive
characteristics that differ from those in HD. In this sense,
although the absence of a validated gold standard and a for-
mal definition of MCI and dementia in HD implies a limita-
tion, our results provide evidence on the utility of the PD-
CRS as a screening procedure in HD. Instruments currently
being used in care settings, clinical trials and observational
studies in HD (i.e., MoCA or the MMSE) also have this limi-
tation, highlighting the need to develop a formal definition
of MCI and dementia in HD [13]. At the same time, further
research is needed to determine the psychometric properties
of the PD-CRS in HD.
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In conclusion, our results support the usefulness of the
PD-CRS as a screening instrument to assess global cognition
in HD in clinical routine and in clinical trials. As our results
show that the trajectory of global cognitive deterioration in
HD is heterogeneous between patients, the characterization
of different cognitive phenotypes in HD should be further
addressed.
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