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Disease Onset in Huntington’s Disease:
When Is the Conversion?
Mayke Oosterloo, MD, PhD,1,2,* Bianca T.A. de Greef, MD, PhD,1,3 Emilia K. Bijlsma, MD, PhD,4 Alexandra Durr, MD, PhD,5

Sarah J. Tabrizi, MD, PhD,6 Carlos Estevez-Fraga, MD,6 Christine E.M. de Die-Smulders, MD, PhD,7,8 and Raymund A.C. Roos, MD, PhD2

ABSTRACT: BackgroundBackground: Determination of disease onset in Huntington’s disease is made by clinical
experience. The diagnostic confidence level is an assessment regarding the certainty about the clinical
diagnosis based on motor signs. A level of 4 means the rater has ≥99% confidence motor abnormalities are
unequivocal signs of disease. However, it does not state which motor abnormalities are signs of disease and
how many must be present.
ObjectiveObjective: Our aim is to explore how accurate the diagnostic confidence level is in estimating disease onset
using the Enroll-HD data set. For clinical disease onset we use a cut-off total motor score >5 of the Unified
Huntington’s Disease Rating Scale. This score is used in the TRACK-HD study, with ≤5 indicating no substantial
motor signs in premanifests.
MethodsMethods: At baseline premanifest participants who converted to manifest (converters) and non-converters were
compared for clinical symptoms and diagnostic confidence level. Clinical symptoms and diagnostic confidence
levels were longitudinally displayed in converters.
ResultsResults: Of 3731 eligible participants, 455 were converters and 3276 non-converters. Baseline diagnostic
confidence levels were significantly higher in converters compared to non-converters (P < 0.001). 232 (51%)
converters displayed a baseline motor score >5 (mean = 6.7). Converters had significantly more baseline clinical
symptoms, and higher disease burden compared to non-converters (P < 0.001). Diagnostic confidence level
before disease onset ranged between 1 and 3 in converters.
ConclusionsConclusions: According to this data the diagnostic confidence level is not an accurate instrument to determine
phenoconversion. With trials evaluating disease modifying therapies it is important to develop more reliable
diagnostic criteria.

Huntington’s disease (HD) is an autosomal dominant neurode-
generative disease characterized by involuntary movements, psy-
chiatric disorders, and cognitive deterioration. HD results from
an unstable and expanded CAG trinucleotide repeat in the
Huntingtin (HTT) gene on chromosome 4.1 A CAG repeat size
of 36 or more is associated with HD. The age that symptoms
and signs become manifest is called the age at onset (AO). The
AO has a mean of 40 years with a tremendous spread from 2 to

80 years.2 The importance of a precise determination of the AO
plays at several levels. First, one wants to make an accurate clini-
cal diagnosis in patient care, second, a precise AO is needed for
participation in clinical trials, and third, the moment disease
inhibiting drugs become available one needs to estimate when to
start medication.

The clinical diagnosis of HD is predominantly made on the
basis of characteristic motor signs often with a positive family
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history and/or confirmed by DNA analysis. The Unified
Huntington’s Disease Rating Scale (UHDRS) was designed for
clinical follow-up and research purposes.3 The UHDRS contains
a motor (total motor score [TMS]), psychiatric, psychological,
and functional part. Based on the motor signs a 4 item assess-
ment regarding the certainty about the clinical diagnosis was
added, the diagnostic confidence level (DCL). By definition in
this scale only a person with a DCL of 4 receives the formal
diagnosis of manifest HD, meaning that the AO is determined
at that time point. A DCL of 4 means that the motor abnor-
malities are unequivocal signs of HD (≥99% confidence of the
rater) and not otherwise explained by another movement dis-
order. However, several remarks can be made; (1) the DCL
does not state which motor abnormalities are unequivocal
signs of HD; and (2) does not mention how many motor signs
must be present. In other words, there is no cut-off point on
the TMS (range 0–124). An operational definition that guides
the clinician is lacking. The TMS rates movement disorder
motor abnormalities. This suggests that healthy persons,
including premanifest persons, are supposed to have a TMS of 0.
Otherwise, healthy persons including premanifest persons should
have a movement disorder other than HD. In the TRACK-HD
study a defined cut-off TMS of 5 or less in the UHDRS was cho-
sen, indicating no substantial motor signs in premanifest gene car-
riers.4 This allows Huntington’s disease gene expansion carriers
(HDGECs) to have some motor abnormalities without being
called manifest yet. However, this cut-off is not used in the cur-
rent diagnostic criteria.

Early motor symptoms are variable in presentation and occur-
rence. Subtle motor changes may easily be missed during neuro-
logical examination5 and recognition is dependent on the
experience of the person who performs the clinical examination.
All this makes it difficult to determine the exact moment of
motor onset of HD.

Furthermore, cognitive and behavioral changes are fre-
quently mentioned by HDGECs before the start of motor
symptoms and signs.6,7 The PREDICT-HD and TRACK-
HD data show that not only subtle motor, but also cognitive
and behavioral changes as well as brain atrophy on MRI are
present in premanifest HDGECs up to more than 10 years
from estimated HD diagnosis.4,8–13 However, the findings of
PREDICT-HD are compromised by subjects in the pre-
manifest cohort exhibiting UHDRS-TMS scores ranging up
to above 20. Significant cognitive changes in premanifest par-
ticipants >10 years from predicted onset in TRACK-HD were
seen on the Stroop Word Reading test compared to controls.
However, during 36-month follow-up no cognitive changes
were seen in this group of participants.

These early neuropsychiatric symptoms contribute to a decline
in daily functioning and are often the most distressing aspects of
HD for patients, families, as well as their caregivers.13,14 The cur-
rent version of the UHDRS does not ask for a DCL rating that
expands to non-motor features.3,15,16 This means the investigator
is not able to rate the DCL as 4 based on all elements of the
UHDRS, and scoring is restricted to the motor part.

Last, but not least, motor manifest patients often find it diffi-
cult to remember, because of a lack of disease insight or denial,
when the first motor symptoms started. Sometimes the patient
and their spouse do not recognize the movements or deny symp-
toms and signs of the disease. This makes it almost impossible to
adequately estimate onset of disease.

Therefore, our aim is to find out how consistent the TMS >5
and DCL of 4 relate to one another in estimating disease onset
using the Enroll-HD data set. For clinical disease onset, we use
the TRACK-HD cut-off score of TMS >5. Furthermore, we
compare Enroll-HD participants who converted from premanifest
to manifest (converters) with those who are still premanifest
(non-converters) and show a follow-up of DCL, behavioral, cog-
nitive, and motor symptoms in the converters group.

Methods
Data were extracted from the Enroll-HD database on October
31, 2018 (Periodic Dataset 4 (PDS4). Enroll-HD is a global clini-
cal research platform designed to facilitate clinical research in
Huntington’s disease.17 Core data sets are collected annually on
all research participants as part of this multi-center longitudinal
observational study of Huntington’s disease. Data are monitored
for quality and accuracy using a risk-based monitoring approach.
All sites are required to obtain and maintain local ethics commit-
tee approvals. This data set not only includes data gathered from
the Enroll-HD study, but also integrates data from REGISTRY
2 and 3, as well as ad hoc data (data, drawn from a variety of dif-
ferent sources, gathered before a participant’s enrollment into
Enroll-HD).18,19 All participants provided written informed con-
sent for this observational study. The HTT CAG genotyping was
carried out at the local genetic laboratories of the sites as well as
at a central biorepository facility (Biorep). Data collection
adhered to a standard protocol including electronic case report
forms and used identical study protocols for the assessment and
sampling of biomaterials. At baseline, HD mutation carriers are
classified as manifest/motor-manifest HD (carriers with clinical
features that are regarded in the opinion of the investigator as
diagnostic of HD) or premanifest/premotor-manifest HD
(carriers without clinical features regarded as diagnostic of HD).
Participants were evaluated by a specialist with experience in
HD. The study site raters are trained and certified annually to
minimize inter-rater and intra-rater variability (https://
hdtraining.enroll-hd.org/).

Participants and Clinical
Assessments
Only participants who entered the database as premanifest were
included in this study. The data set contains participants aged
≥18 years with CAG information. Clinical characteristics (motor,
behavior, and cognitive) and age of onset were documented.

The time of diagnosis was documented by the clinician con-
verting the participant from premanifest to manifest in the
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database. Participants with unknown category (manifest or pre-
manifest) were excluded. The disease-burden score is calculated
from a formula (age × [CAG – 35.5]). This score gives an a
posteriori estimate of an individual’s lifetime exposure to mutant
huntingtin, at any age, before and after motor onset.20 To
provide insight in which symptoms of the disease are most fre-
quently reported at the onset of disease, motor and cognitive
signs were scored using the UHDRS.3 A UHDRS TMS >5
was used for clinical disease onset (maximum score 124). For
cognition, we used the cognitive UHDRS composite score
(UHDRS total corrected for letter fluency, symbol digit
modalities test, trail making test, and Stroop subscores for
word reading, color naming, and interference), with lower
scores indicating lower performance. For behavior, we used
the problem behavior assessment short form (PBAs)21 or the
behavior section of the UHDRS that consists of items evaluat-
ing several behavioral signs and symptoms (depressed mood,
anxiety, suicidal ideation, irritability, aggressive behavior, apa-
thy, perseverative/obsessive–compulsive behavior, delusions
and hallucinations). In both assessments, participants are
ranked on severity (0–4) with higher scores indicating higher
degree of behavioral impairment. The item of “disoriented
behavior” in the PBAs is not used in the behavior section of
the UHDRS, whereas the item “low self-esteem/guilt” is only
used in the UHDRS. Therefore, these 2 items are not used
for analysis. Perseverative behavior and obsessive–compulsive
behavior were combined because the PBAs and the UHDRS
use different sub-items. The disease stage was obtained using
the DCL that ranges from 0 to 4: 0 = normal; 1 = non-spe-
cific motor abnormalities (<50% confidence); 2 = motor
abnormalities that may be signs of HD (50%–89% confidence);
3 = motor abnormalities that are likely signs of HD (90%–
98% confidence); and 4 = motor abnormalities that are
unequivocal signs of HD (≥99% confidence). Participants
with an unknown DCL at baseline were excluded. If the
rater changed the DCL of a participant to 4 during follow-up,
the database does not automatically change the participant
from premanifest to manifest. The rater has to do this
manually.

Functionality was documented using the total functional
capacity (TFC) scores with a maximum score of 13 (lower scores
indicate a lower functional status). Comorbidities were docu-
mented according to the International Statistical Classification of
Diseases 10th revision (ICD-10) code. Participants were followed
up on a yearly basis according to the Enroll-HD protocol.

Statistical Analysis
Baseline characteristics such as age of onset, gender, and CAG
repeat size (both alleles) were recorded/counted and the fre-
quency of symptoms and signs in each group, converters and
non-converters, were calculated. Differences between the groups
were tested with the t test for continuous variables and the χ2 or
Fisher exact test (if necessary) for the categorical variables.

For the natural course of symptoms, data were gathered and
visualized by plotting all data separately as well as looking at a

trend. All available measurements of all participants were ana-
lyzed. All analyses were carried out using R. P values of ≤0.05
were considered as statistically significant.

Results
Baseline Analysis
The PDS4 consisted of 15,301 participants generating a total of
50,452 visits. Categorization of the participant (premanifest or
manifest) was not available for ad hoc and Registry 2. Therefore,
these data were not used for analysis. Of all 15,301 participants
3528 also participated in Registry 3.

A total of 3775 participants were premanifest at enrollment.
Participants with unknown category (manifest or still pre-
manifest) (n = 13) and unknown DCL at baseline (n = 9) were
excluded. Twenty-two participants who were categorized as pre-
manifest with a DCL of 4 (motor abnormalities that are unequiv-
ocal signs of HD) at presentation were excluded from analysis.
Of the remaining 3731 premanifest participants 455 (12.2%)
became manifest (converters) during follow-up and 3276
remained premanifest (non-converters) (Fig. 1).

The baseline characteristics of all participants, stratified by dis-
ease category, are given in Table 1. 232 (51%) converters dis-
played a baseline TMS >5 (mean = 6.7). The number of
participants with a baseline TMS ≤5 in the converters (n = 223,
49.1%) was significantly lower than in the non-converters
(n = 2732, 83.7%) (P < 0.001). The baseline disease burden
score was significantly higher in the converters (mean = 326.4;
standard deviation [SD] = 80.8) compared to the non-converters
(mean = 246.9; SD = 80.6) (P < 0.001). The mean number of
visits was significantly higher in the converters (mean = 3.31;
SD = 1.31) compared to non-converters (mean = 2.4; SD = 1.3)
(P < 0.001). The years of visits in the converters ranged from a
maximum of 7 years before and a maximum of 4 years after
becoming manifest. The DCL (range = 0–4) at baseline was sig-
nificantly higher in the converters compared to the non-
converters (P < 0.001) (Table 1 and Fig. 2).

The converters had significantly more neurological
(P = 0.014) and psychiatric (P = 0.007) comorbid conditions
compared to non-converters (Table 2). Two converters had
movement disorders compared to 26 non-converters. The 2 con-
verters had an essential tremor and an unspecified dystonia. Of
the non-converters, 3 had essential tremor, 1 had Parkinson’s dis-
ease, 2 had myoclonus, 2 had other chorea, 1 had blepharo-
spasms, and 17 had an unspecified movement disorder. In both
groups, 5%–6% of the participants received physical therapy
(before or) at baseline, around 4.5% received psychotherapy,
4%–6% psychological counseling, and 5%–7% relaxation therapy.

Longitudinal Analysis
The TMS gradually increased before disease onset, with a major-
ity of the participants displaying a score of >5, 3 years before dis-
ease onset (Fig. 3A). After disease onset, the TMS gradually
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increased per visit. The TFC score respectively remained 13 or
just below until the participants became manifest and then slowly
decreased. The severity of behavioral symptoms gradually
increased in time and was always present before disease onset.
Especially apathy and perseverative/obsessive–compulsive behav-
ior increased, respectively, 6 and 4 years before disease-onset
(Fig. 3B and C). The DCL score from 4 years previous to
disease-onset was above 1 (Fig. 3D). Figure 4A and B show slight

decrease in the total correct answers on the Stroop interference
test and Symbol Digit Modality Test over time, but no signifi-
cant decrease before disease onset.

Longitudinally, converters show a higher TMS (>5), DCL
(>1) (Fig. 5A and B) as well as more cognitive and behavioral
problems (Data S1) compared to non-converters from baseline to
their last Enroll-HD visit. The data shown are regardless onset of
disease.

FIG. 1. Flow chart of inclusion. DCL, diagnostic confidence interval.

TABLE 1 Baseline characteristics participants stratified by non-converters and converters

Non-converters
n = 3276

Converters
n = 455

P value Missing

Age at first visit, mean (SD) 38.8 (11.9) 44.0 (12.1) <0.001 2/0
Sex, male (%) 1334 (40.7) 189 (41.5) 0.7394 0/0
CAG repeats size high, mean (SD) 42.3 (2.7) 43.6 (3.3) <0.001 0/0
CAG repeats size low, mean (SD) 18.3 (2.9) 18.2 (2.8) 0.5375 45/11
Baseline disease burden score, mean (SD) 246.93 (80.6) 326.37 (80.8) <0.001 2/0
Number of visits, mean (SD) 2.41 (1.3) 3.31 (1.3) <0.001 0/0
Baseline motor score, mean (SD) 2.6 (3.7) 6.7 (6.6) <0.001 11/1
Baseline total motor score ≤5 (%) 2732 (83.7) 223 (49.1) <0.001 11/1
DCL at baseline, yes (%) <0.001 0/0
0 = Normal 2069 (63.2) 120 (26.4)
1 = Non-specific motor abnormalities (<50% confidence) 787 (24.0) 151 (33.2)
2 = Motor abnormalities that may be signs of HD (50%–89%

confidence)
282 (8.6) 93 (20.4)

3 = Motor abnormalities that are likely signs of HD (90%–98%
confidence)

138 (4.2) 91 (20.0)

4 = Motor abnormalities that are unequivocal signs of HD (≥99%
confidence)

– –

Baseline UHDRS total functional capacity, mean (SD) 12.8 (0.9) 12.4 (1.3) <0.001 8/1
Baseline UHDRS functional assessment, mean (SD) 24.7 (1.3) 24.3 (2.0) <0.001 65/8

Data are mean (SD) or n (%). SD, standard deviation; UHDRS, Unified Huntington’s Disease Rating Scale; DCL, Diagnostic Confidence Level.
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FIG. 2. Unified Huntington Disease Rating Scale. Total motor score compared to diagnostic level of confidence at baseline in premanifest
and converted HD patients; UHDRS, Unified Huntington’s Disease Rating Scale.

TABLE 2 Baseline cognitive and behavioral characteristics participants stratified by non-converters and converters

Non-converters n = 3276 Converters n = 455 P value Missing
Cognitive assessments
SDMT total correct, mean (SD) 50.3 (11.9) 41.6 (12.4) <0.001 197/44
Verbal fluency test (category) total correct 21.4 (5.7) 19.1 (6.2) <0.001 226/61
Verbal fluency test (letters) total correct 39.5 (12.7) 34.0 (13.1) <0.001 643/82
Stroop color naming total correct 73.1 (14.6) 65.2 (15.3) <0.001 213/48
Stroop reading test total correct 94.0(17.9) 84.0 (19.8) <0.001 210/49
Stroop interference test total correct 43.6 (11.1) 38.0 (11.3) <0.001 372/61
Trailmaking test Part A total correct 24.7 (2.7) 25.0 (0.1) <0.001 934/158
Trailmaking test Part B total correct 24.5 (3.8) 24.6 (2.3) 0.8344 936/163

PBA-s (or UHDRS-Ba)
Depression
Depressed mood (3120/290) 1309 (43.5) 214 (53.2) <0.001 268/53
Suicidal ideation (3120/290) 190 (6.3) 40 (10.0) 0.0064 268/53
Anxiety (3119/290) 1557 (51.8) 208 (51.7) 0.9886 269/53

Irritability/aggression
Irritability (3118/290) 1276 (42.4) 194 (48.4) 0.0240 269/54
Angry/aggressive (3118/290) 570 (19.0) 89 (22.2) 0.1229 269/54

Psychosis
Delusions (3118/290) 70 (2.3) 13 (3.2) 0.2688 270/53
Hallucinations (3118/290) 20 (0.7) 4 (1.0) 0.5175 269/54

Apathy
Apathy (3116/290) 697 (23.2) 149 (37.2) <0.001 271/54

Executive function
Perseverative thinking/OCB (3116/290) 422 (14.0) 76 (18.9) <0.001 271/54

Comorbid conditions, yes (%)
Neurologic 443 (13.5) 81 (17.8) 0.0138
Psychiatric 917 (28.0) 155 (34.1) 0.0073

Data are mean (SD) or n (%). aPBA-s data were complemented with UHDRS-B in case PBA-s data were not available. The numbers of PBA-s or
UHDRS-B are given (PBA-s + UHDRS-B). SD, standard deviation; UHDRS-B, Unified Huntington Disease Rating Scale Behavioral part; SDMT,
Symbol Digit Modality Test; PBA-s, Problem Behavior Assessment-short form; OCBs, Obessive Compulsive Behaviors.
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Discussion
We are the first to analyze how consistent a TMS cut-off score
of 5 and the DCL of 4 relate to one another in estimating disease
onset in Enroll-HD participants. As expected, and in concor-
dance with the results of the TRACK-HD and PREDICT-HD
studies,4,8–13 we found that HDGEC’s closer to disease onset
show more motor and psychiatric symptoms compared to those
further away from onset. However, the data revealed that
232 (51%) converters had a mean TMS >5 at baseline. Although

longitudinally the TMS fluctuated, it still remained >5 before
disease onset. This means that, at that point, participants already
had clear motor abnormalities. We found that 2 converters had a
movement disorder, 1 had an essential tremor, and the other had
a dystonia. This might partially explain the fact that the partici-
pants were not scored as manifest at that point in time despite a
TMS >5. However, the TMS >5 of the other 230 participants
can not otherwise be explained than motor abnormalities
matching HD. Furthermore, our results show that the TMS
already was >5 at least 3 years before disease onset.

FIG. 3. Unified Huntington Disease Rating Scale. Total motor score (A), apathy (B), perseverative/obsessive–compulsive behavior, (C) and
diagnostic confidence level (D) in time in converted group. UHDRS, Unified Huntington’s Disease Rating Scale; OCB, obsessive–
compulsive behavior.

FIG. 4. Stroop interference test total correct (A), Symbol Digit Modality Test total correct (B) in time in the converted group.
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In converters, the DCL in the 3 years previous to disease-
onset had a score of 1 or more and not the score 0. This means
the raters had <50%–98% confidence the participant had signs
and symptoms of HD at least 3 years before they rated the partic-
ipant to be manifest.

Perhaps the raters struggle with the fact they observe motor
abnormalities but do not want to distress the participants with
their findings. From the clinician’s point of view, this seems
understandable, because these abnormalities do not interfere with
daily life functioning, and there are currently no disease progres-
sion stabilizing treatments. However, from a scientific point of
view, this is worrisome.

There are some limitations to this study. The Enroll-HD and
Registry data contain multiple instances of missing data, so we
had to modify our statistical model accordingly. Ideally, all par-
ticipants would have been tracked from the same moment in
time from estimated disease onset, but this is not feasible. As a
result, some participants were already closer to their disease onset
than others when they were enrolled in this database. Further-
more, the data set contains fewer participants further from disease
onset. Medication use might also induce or suppress motor
abnormalities. Unfortunately, the Enroll-HD data are registered
in a way that makes it impossible to analyze the effect of medica-
tion use on motor scores.

Another limitation is that, in the Registry data, the behavior
section of the UHDRS is used, whereas Enroll-HD uses the
PBAs. Although both assessments use the same ranking scale on
both severity and frequency, they differ on 2 items. These 2 items
“disoriented behavior” and “low self-esteem/guilt” were omitted
according to the advice of the Behavioral Working Group of the
European Huntington’s Disease Network (EHDN). Furthermore,
subitems on perseverative and obsessive–compulsive behavior differ
between the 2 questionnaires and were therefore combined to 1.

Unfortunately, it seems that even with premanifest follow-up,
it is impossible to estimate an accurate time of motor disease
onset, let alone non-motor onset. Despite cognitive and behav-
ioral symptoms and signs frequently preceding motor symptoms,

motor changes are still the landmark for clinical research on age
of onset.15 The Movement Disorder Society Task Force on
Huntington’s disease diagnostic categories suggests redefinition of
the diagnostic criteria of genetically confirmed HD into pre-
symptomatic (no significant motor signs; DCL of 0 or 1 and no
cognitive change), prodromal (DCL of 2 plus clear cognitive
changes), and manifest HD (DCL of 3 plus minor neurocognitive
disorder or DCL of 4).22,23 This classification will make it possi-
ble to categorize HDGECs as prodromal. The prodromal stage is
not used in Enroll-HD. However, in our opinion, with these
suggested diagnostic criteria, actual clinical disease onset remains
unclear in many participants. What is meant with “no significant
motor signs”? The new criteria still do not use cut-off scores for
motor symptoms (TMS).

In addition, biomarkers, such as brain MRI and spinal fluid
examination, might be helpful to support early diagnosis. How-
ever, Van der Plas et al24 recently showed that asymptomatic
child and adolescent mutant HTT carriers already have abnormal
brain development, possibly making this less useful.

We conclude that estimating disease onset in HD remains
very difficult even in premanifest participants who are followed
annually by trained and skilled HD physicians. The current diag-
nostic criteria give no guidance when an HDGEC has unequivo-
cal signs of HD. The diagnosis is made by clinical experience
and, currently there is no operational definition that guides the
clinician. It also remains unclear when behavioral, cognitive, and
functional changes may be attributed to manifest HD as there are
no clear cutoff points of the used scales. We conclude that the
DCL is not an accurate and reliable instrument to determine HD
disease onset. With numerous trials evaluating disease modifying
therapies, it is extremely important to develop more adequate
diagnostic criteria, including non-motor symptoms. With this in
mind, it is also important to become upfront with our patients. If
we want them to benefit from future therapies, we need to con-
front them regarding symptoms and signs. We believe it is time
to define motor and non-motor disease onset more clearly. First,
we should use cut-off scores for the TMS. Here, we used a cut-

FIG. 5. Total motor score (A) and diagnostic confidence level (B) in years of follow-up in converted and non-converted group.
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off score of 5. Although this cut-off score has been used in an
important and leading HD study (TRACK-HD), there is no sci-
entific background why this value should be the cut-off score.
Therefore, further investigation on what cut-off score is reliable
and justifies motor disease onset is necessary. Perhaps the DCL
could be categorized by using separate cut-off points for the pro-
dromal and manifest stages. Furthermore, we need cut-off points
in the PBA and cognitive tests used in Enroll-HD to diagnose
non-motor disease onset. There is clear evidence that cognitive
and behavioral changes may start several decades before motor-
onset and cannot be attributed to other causes.
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