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The authors evaluated motor, behavioral, and cog-
nitive functioning over a 3-year period in 33 pre-
symptomatic carriers for Huntington’s disease
and compared them with 73 noncarriers. Investi-
gators blind to the participant’s gene status util-
ized the Unified Huntington’s Disease Rating
Scale (UHDRS) and performed an extensive neu-
ropsychological assessment (global cognitive,
memory, language, psychomotor). Successive eval-
uations of motor and behavioral patterns showed
inconsistencies. The rate of cognitive changes in
carriers was similar to that in noncarriers. Com-
monly used tools are inadequate for detecting
markers in preclinical Huntington’s disease, limit-
ing the design of therapeutic trials. Research
should focus on tracking suitable endpoints com-
bining clinical markers and biomarkers that
change linearly with disease progression.

(The Journal of Neuropsychiatry and Clinical
Neurosciences 2007; 19:310–317)

The clinical diagnosis of Huntington’s disease is still
based on the first appearance of motor signs accom-

panied by a positive family history and the confirmation
that the individual carries the CAG repeat expansion in
the Huntington’s disease gene. Motor disturbances are,
however, variable in presentation and occurrence, and
it has been reported that subtle neurological changes
have been missed during routine neurological exami-
nations or that these are nonspecific for the determina-
tion of Huntington’s disease onset.1,2 Furthermore, pa-
tients and families often retrospectively report the subtle
appearance of cognitive impairment and personality
changes as heralding disease onset.3,4 Since predictive
testing has become available, the possibility of following
“presymptomatic” carriers (i.e., individuals without
manifest motor signs) prospectively yields the difficulty
of defining presymptomatic and symptomatic status.
Cross-sectional studies on cognitive performances in
presymptomatic carriers have produced inconsistent re-
sults.5,6 Most longitudinal studies suggest that subtle
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FIGURE 1. Flow Chart of the Studied Cohort and Reasons for
Dropout

Predictive testing (1993--1999)
(N=370, 50% at risk for HD)

Participated in study (N=134)

Carriers 
(N=46, 34%)

Noncarriers 
(N=88, 66%)

Evaluated at
18 months
(N=36, 27%)

Evaluated at
18 months
(N=78, 58%)

Evaluated at
36 months
(N=33, 25%)

Evaluated at
36 months
(N=73, 55%)

Dropped out (N=10):
No response (N=4)
No reason (N=1)
Deceased (N=1)
Too demanding
  (N=2)
No use taking part
  (N=2)

Dropped out (N=10):
No response (N=6)
No time (N=1)
Private circumstances
  (N=1)
No benefit (N=1)
Not tracked down
  (N=1)

Dropped out (N=3):
No response (N=2)
Private circumstances
  (N=1)

Dropped out (N=5):
No response (N=3)
No time (N=1)
Private circumstances 
  (N=1)

Did not participate
 in study (N=236):
Carrier (N=116, 49%)
Noncarrier (N=120, 51%)

cognitive changes precede motor signs by a number of
years,7–9 but this is not a uniform finding.10,11 The lim-
ited number of longitudinal studies that focus on be-
havioral changes indicate increased irritability, cynical
hostility,12 and aggressive behavior13 in carriers prior to
manifest onset.

Ten years after the start of DNA-testing, prospective
research remains essential, because greater knowledge
allows a more accurate interpretation of the first subtle
manifestation of disease. As new effective pharmaco-
therapeutic strategies are expected to be developed, it
becomes even more important to find clinical markers
for Huntington’s disease to be used as outcome mea-
sures in therapeutic trial designs.

We embarked on a longitudinal prospective study in
a large group of individuals (N�134) to assess the clini-
cal characteristics of Huntington’s disease. We wanted
to evaluate whether the results of assessing motor,
cognitive, and psychiatric domains in carriers would
worsen over time, while noncarriers remained stable.
We chose a study duration of 3 years, a commonly de-
fined period for therapeutic trials.

METHOD

Between 1993 and 1999, 370 individuals who had a 50%
risk of developing Huntington’s disease were referred
to the Leiden University Medical Center (LUMC), De-
partment of Clinical Genetics, for predictive testing (Fig-
ure 1). Testing was performed according to the guide-
lines of the International Huntington Association and
the World Federation of Neurology Research Group on
Huntington’s disease.14 Individuals with a CAG-repeat
expansion exceeding 35 copies were determined to be
“carriers” of Huntington’s disease; participants who
carried an allele with fewer than 27 copies were consid-
ered to be “noncarriers.” Individuals with a repeat num-
ber between 27 and 35 (intermediate result) were in-
cluded in the noncarrier group.6,15

In this single-blind study, 134 participants were ini-
tially included (Figure 1). The percentage of carriers
who participated was lower than the percentage of car-
riers who did not enter the study.6 Eighteen months after
baseline, 114 participants (85%) returned for the first fol-
low-up. One hundred six participants (72% of the car-
riers and 83% of the noncarriers of the original group)
attended the second follow-up. The final 106 partici-
pants belonged to 71 pedigrees; 48 of these pedigrees

contained one person, 15 contained two, five contained
three, two contained four, and one contained seven in-
dividuals. The study was approved by the LUMC medi-
cal ethics committee, and all participants gave their in-
formed consent.

Protocols
Using the Unified Huntington’s Disease Rating Scale
(UHDRS)16 and an extensive set of tests covering cog-
nitive functioning,6 participants were assessed by a
neurologist (R.A.C.R./J.P.P.vV.) and a psychologist
(M.N.W.W.A.), both blind to genetic status. The inves-
tigators were not involved in the genetic counseling of
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the participants. The neuropsychological battery in-
cluded the following tests: Mini-Mental State Examina-
tion (MMSE), WAIS-Revised (WAIS-R), Block Span,
Digit Span, Wechsler Memory Scale (WMS), Word List
learning for Visual presentation (WLV), the Dutch ver-
sion of the California Verbal Learning Test, “Verbale
Leer en Geheugen Test” (VLGT), faces recognition from
the Rivermead Behavioral Memory Test (RBMT), Benton
Visual Retention Test (BVRT), Boston Naming Test
(BNT), language comprehension and production (oral
and written), arithmetic, visuo-constructive tasks (copy-
ing perspective and geometrical figures and drawing a
map of the participant’s house), Wisconsin Card Sorting
Test (WCST), Trail-Making Test (TMT) Parts A and B,
Symbol Digit Modalities Test (SDMT), Stroop Color
Word Test and Verbal Fluency (letters FAS). The last
three tests belong to the UHDRS cognitive assessment.
Reaction time measures were used to assess speed of
movement initiation (decision time) and movement ex-
ecution (motor time), both derived from a simple reac-
tion time paradigm and a “choice” reaction time para-
digm (go/no go paradigm; four conditions: single light,
single sound, choice light/light, and choice light/
sound). Neuropsychological assessment on the second
occasion consisted of a shortened version of the baseline
protocol, excluding the WAIS-R and the WMS and
VLGT memory tests for reasons of compliance and
learning effect. The third assessment consisted of the
same battery of tests as at baseline. Parallel versions
were available for the following tests: Digit Span, VLGT,
WLV, faces recognition, BVRT, BNT (only for second as-
sessment), SDMT, and TMT.

Statistical Analysis
A Total Motor Score (TMS) was calculated by summing
all items of the motor assessment of the UHDRS, lower
scores being indicative of better performance.16 Analysis
of subscales was restricted to eye movement, voluntary
movement, and chorea, based on findings from the lit-
erature17–20 and clinical practice. The scores of the be-
havioral part of the UHDRS were obtained by multiply-
ing the frequency and severity for each item (sadness,
low self-esteem/guilt, anxiety, suicidal thoughts, dis-
ruptive or aggressive behavior, irritable behavior, ob-
sessions, compulsions, delusions, and hallucinations).13

Adding these products resulted in a total behavioral
score (TBS), lower scores being indicative of fewer com-
plaints. In addition, we analyzed two subtests of inter-
est: sadness and aggression. The apathy item was not

available at the time of enrollment. Decision time and
motor time scores were obtained by calculating the
mean of all conditions.

For cross-sectional analysis, we used two-tailed stu-
dents’ t tests, Pearson chi-square tests and Mann-Whit-
ney U tests when appropriate in the SPSS, version 10.0.
Longitudinal data were analyzed using the Laird-Ware
random effects model.21 The analysis was carried out in
the statistical analysis package S-Plus Professional ver-
sion 6.0, using the Linear Mixed Effect procedure. The
purpose of the longitudinal analysis was to estimate the
mean evolution of scores in time from study entry, tak-
ing into account the age of patients at study entry. This
approach has greater statistical power as it accounts for
within-individual correlations across time, for missing
data and varying interval length between assessments.
The model included terms for age at study entry, gene
status, time and the interactions between gene-status
and time. The motor, cognitive, and behavioral scores
were the dependent variables.

When the residuals were not normally distributed, a
log-transformation was applied when possible. If this
could not be performed, the Mann-Whitney U Test was
used in SPSS 10.0 to compare within-group differences
of carriers and noncarriers between the first and the
third assessments. For these analyses, the UHDRS motor
subscales, the UHDRS behavioral scores (total and sub-
scales), the RBMT face recognition total score and the
WCST number of categories were applied.

Because of the extended number of variables, we set
the p level at 0.001 to report significance in findings,
using the Bonferroni correction,22 while p levels of 0.01
are reported to be of marginal interest.

RESULTS

Dropout of Carriers
The mean age of the carriers who dropped out (N�13;
nine women) was 40.3 years (SD�12.8); the median
number of CAG-repeats was 44 (41 to 51). The baseline
UHDRS voluntary movement scores of these carriers
were worse than those of the carriers who remained in
the study (Mann-Whitney U�92.5, p�0.008), but dem-
ographic variables, the other parts of the UHDRS scales,
the neuropsychological and the reaction time variables
did not differ.
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TABLE 1 Characteristics of Huntington’s Disease Carriers and Noncarriers at Study Entry and During Follow-Up

Study Entry6 18 Months 3 Years

Carriers Noncarriers Carriers Noncarriers Carriers Noncarriers

N 46 88 36 78 33 73
Gender, m/f 16/30 40/48 13/23 34/44 12/21 33/40
Age in years, mean (SD)* 39.2 (10.7) 42.2 (11.4) 40.3 (10.3) 44.5 (11.5) 41.9 (10) 47.1 (10.9)
Education, N (%)

Less than high school 4 (8.7) 6 (6.8) 3 (8.3) 6 (7.7) 2 (6.1) 6 (8.2)
High school graduation 29 (63) 56 (63.6) 22 (61.1) 48 (61.5) 21 (63.9) 44 (60.3)
Beyond high school/university 13 (28.3) 26 (29.5) 11 (30.6) 24 (30.8) 10 (30.3) 23 (31.5)

No. of CAG-repeats, Median (range) 43 (39 to 51) 19 (14 to 34) 42.5 (39 to 49) 19 (14 to 30) 42.5 (39 to 49) 19 (14 to 30)
Medication, N (%)

Neuroleptics — — — — 1 (3) —
Antidepressant drugs 2 (4.4) 4 (4.7) 4 (11.1) 5 (6.4) 3 (9.1) 6 (8.2)
Sedatives 4 (8.9) 1 (1.2) — 1 (1.3) — —
Other† 9 (20) 29 (33.7) 6 (16.7) 20 (25.6) 4 (12.1) 19 (26)

*T-test; Study entry: p�0.16, 18 months: p�0.07, 3 years: p�0.02
†Other: e.g., analgesics, antihypertensives, antiepileptics, corticosteroids, sympathicomimetics

TABLE 2. UHDRS Motor Diagnosis (Item 22) Assessed in 27
Huntington’s Disease Carriers and 65 Noncarriers at
Study Entry and 3 Years Later

Carriers Noncarriers

Study Entry 3 Years Study Entry 3 Years

Normal (%) 19 (70.4) 15 (55.6) 43 (66.2) 39 (60)
Minor soft signs (%) 4 (14.8) 9 (33.3) 15 (23.1) 21 (32.3)
Probable HD (%) 4 (14.8) 3 (11.1) 6 (9.2) 3 (4.6)
Unequivocal HD — — 1 (1.5) 2 (3.1)

HD�Huntington’s Disease

Dropout of Noncarriers
Noncarriers who dropped out (N�15; eight women)
were significantly younger (32.9 years, SD�9.6) than
those who completed the study (44.1 years, SD�10.9;
t��3.7, df�86, p�0.000); they also showed lower
scores in baseline data reflecting intelligence and mem-
ory: WAIS-R verbal IQ (VIQ) (mean�96 [SD�7.2] and
103.7 [SD�10.2], respectively; t��2.8, df�86,
p�0.007) and WMS Memory Quotient (MQ)
(mean�110 [SD�6.1], and 121.7 [SD�13.6], respec-
tively; t��3.2, df�86, p�0.002).

Sociodemographic Aspects and Medication Intake at
Follow-Up
The mean time interval between the first and second
assessment was 18.3 (SD�0.82) months and between
second and third assessment, 18.5 (SD�1.05) months.
The last follow-up was performed a mean of 3.1 years
after baseline (SD�0.008).

At the time of follow-up, the demographic character-
istics of carriers did not differ significantly from those
of noncarriers (Table 1). The gender and education ratios
within the carrier and noncarrier groups were compa-
rable to baseline data.

Carriers did not differ significantly from noncarriers
with regard to medication intake (Table 1). A neuroleptic
drug had to be prescribed to one carrier during the fol-
low-up period.

Longitudinal Results
The number of participants to whom the complete mo-
tor part of the UHDRS was administered during the first
as well as the third assessment was restricted to 27 car-

riers and 65 noncarriers. The results of the UHDRS mo-
tor diagnosis are reported for these groups in Table 2.
Within the two groups, most individuals—22 carriers
and 55 noncarriers—were rated as normal or as having
minor soft signs during baseline and after 3 years. None
of the carriers with soft signs at entry developed overt
clinical features of Huntington’s disease. Two carriers
were again rated as probable Huntington’s disease
cases, while two others changed from probable to minor
soft signs. Ratings of three noncarriers changed from
normal or minor soft signs to probable or unequivocal
Huntington’s disease. Results of the motor, cognitive,
and behavioral assessments are presented in Tables 3
and 4.

Follow-up analysis revealed significant effects of gene
status and follow-up time but no interaction effect be-
tween these factors, irrespective of whether or not par-
allel test forms were used. The effect of gene status in-
dicated that at all times, carriers performed worse than
noncarriers on the TMS (t��2.55, df�127, p�0.01),
the quantified motor assessment (motor time: t��3.69,
df�127, p�0.0003), the Performance IQ (t�2.83,
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TABLE 3. Mean (SD) Performances on Motor and Behavioral Assessment at Study Entry and During Follow-Up in Huntington’s Disease
Carriers and Noncarriers

Carriers Noncarriers

Study Entry 18 Months 3 Years Study Entry 18 Months 3 Years

N 46 36 33 88 78 3
Motor assessment
UHDRS*:

TMS 6.9 (7.6) — 4.9 (6.3) 7.2 (7.8) — 4.8 (5.7)
Eye movements** 2 (3.1) — 1.2 (1.6) 2.6 (3.5) — 1.9 (2.6)
Voluntary movements** 2.1 (2.2) — 1.8 (2.4) 2.1 (2.8) — 1.3 (1.8)
Chorea** 1.3 (2.6) — 1.1 (1.9) 1 (2.1) — 0.7 (1.5)

Quantified motor assessment
Decision time 336.9 (53.7) 347.8 (60.5) 343.4 (63.7) 329.8 (49.3) 330.1 (46.7) 328.5 (48.8)
Motor time 175.4 (56.9) 189.6 (73.3) 187 (71.6) 151.5 (41) 165.1 (48.5) 164.3 (49)

Behavioral assessment**†

UHDRS:
TBS 11.1 (17.8) 8.4 (13.8) 10.4 (15.1) 5.3 (9.6) 4.5 (6.4) 7.1 (8.7)
Sadness 2.6 (3.6) 1.5 (2.4) 1.8 (3.1) 1.3 (2.8) 1 (2.2) 1.7 (2.4)
Aggression 1.5 (3.5) 1.3 (2.8) 1.3 (2.8) 0.4 (1.5) 0.2 (0.7) 0.6 (2)

*Data from participants who completed both first and third motor assessments (27 carriers and 65 noncarriers). Second assessment is not
presented because too many data are missing. Tests in bold indicate worse performances in gene-carriers at all times.

**Mann-Whitney U test applied to analyze differences in changes (third minus first assessment) between carriers and noncarriers: not
significant.

†Study entry and second assessment results of sadness and aggression have been previously reported by Witjes-Ané et al.13

TMS�Total Motor Score; TBS�Total Behavioral Score.

TABLE 4. Mean (SD) Performances on Neuropsychological Assessment at Study Entry and During Follow-Up in Huntington’s Disease
Carriers and Noncarriers

Carriers Noncarriers

Study Entry6 18 Months 3 Years Study Entry6 18 Months 3 Years

N (%) 46 (34.0) 36 (32.0) 33 (31.0) 88 (66.0) 78 (68.0) 73 (69.0)
MMSE, total score 28.1 (1.5) 28.4 (1.29) 28.3 (2.0) 28.6 (1.2) 28.6 (1.35) 28.2 (1.5)
WAIS-R
Total IQ 98.3 (13.5) — 102.9 (14.2) 103.8 (10.50) — 108.5 (12.9)
Verbal IQ 98 (12.5) — 100.4 (14.1) 102.4 (10.2) — 105.5 (11.6)
Performance IQ 99 (14.2) — 105.6 (13.7) 105.4 (11.1) — 111 (13.5)
Span, total score* 5.4 (0.9) 5.6 (0.8) 5.4 (0.9) 5.6 (0.8) 5.5 (0.7) 5.5 (0.8)
WMS, Memory Quotient 112.1 (16.7) — 112.7 (16.3) 119.7 (13.4) — 122.9 (14.2)
WLV, total score 40.9 (5.8) 43.3 (3.9) 41.6 (6.3) 41.8 (5.0) 42.5 (4.5) 41.6 (4.3)
VLGT, total score 53.8 (10.7) — 51.6 (14.8) 57.2 (11.1) — 55 (10.4)
RBMT faces recognition, total score 9.9 (0.34) 9.8 (0.54) 9.7 (0.5) 9.8 (0.5) 9.8 (0.54) 9.7 (0.5)
BVRT, total score 6.5 (2.1) 7.2 (1.6) 7.1 (2.2) 7.5 (1.6) 7.5 (1.4) 7.8 (1.6)
SDMT, total score 46.6 (12) 50.8 (11.6) 51.6 (13.5) 51.8 (9.4) 55.8 (10.7) 55.4 (10.3)
WCST

Number of categories 5.3 (1.2) 5.6 (1.02) 5.3 (1.5) 5.6 (0.9) 5.8 (0.7) 5.3 (1.5)
Total number of mistakes 8.1 (9.7) 5.9 (6.2) 7.1 (7.9) 6.6 (6.7) 4.9 (4.4) 7.6 (8.3)

TMT, seconds
Part A 41.8 (18.2) 40.9 (14.5) 31.8 (12.2) 32.5 (10.4) 38.9 (15.4) 27.8 (10.9)
Part B 69.4 (34.2) 65.3 (27.4) 81.3 (41.2) 54.4 (18.7) 57.6 (24.5) 65.7 (24)

Stroop interference, total score 40.7 (11.2) 42.8 (9.5) 43.5 (9.7) 43.7 (8.1) 46 (9.2) 46.7 (9)
Verbal fluency (FAS), total words 31.3 (10.5) 34.9 (12.8) 34.5 (11.7) 32.9 (10.6) 33.8 (11.7) 35.6 (11.3)

*Span, total score indicates the mean of digit span forward, digit span backward and block span. Tests in bold indicate worse performances
in gene-carriers at all times; tests underlined indicate retest-effects.

MMSE�Mini-Mental State Examination; WAIS-R�Wechsler Adult Intelligence Scale-Revised; WMS�Wechsler Memory Scale; WLV�word
list learning for visual presentation; VLGT�Dutch version of the California Learning Verbal Test; RBMT�Rivermead Behavioral Memory
Test; BVRT�Benton Visual Retention Test; SDMT�Symbol Digit Modalities Test; WCST�Wisconsin Card Sorting Test; TMT�Trail-Making
Test; Stroop�Stroop color word test



J Neuropsychiatry Clin Neurosci 19:3, Summer 2007 http://neuro.psychiatryonline.org 315

WITJES-ANÉ et al.

df�131, p�0.005), the VLGT (t�2.68, df�131,
p�0.008), the BVRT (t�4.01, df�131, p�0.0001), the
SDMT (t�3.40, df�111, p�0.0009), the TMT (Part A:
t��3.70, df�131, p�0.0003; Part B: t��3.15, df�111,
p�0.002), and the Stroop interference (t�2.97, df�130,
p�0.004). The effect of follow-up time indicated that for
both groups taken together, scores improved signifi-
cantly on the TMS (t��4.02, df�170, p�0.0001), Total
IQ (t�5.66, df�105, p�0.0001), Verbal IQ (t�2.78,
df�105, p�0.006), Performance IQ (t�6.28, df�105,
p�0.0001), BVRT (t�2.72, df�211, p�0.007), SDMT
(t�5.99, df�216, p�0.0001), TMT, Part A (t��5.68,
df�218, p�0.0001), Stroop interference (t�4.18, df�
218, p�0.0001), and verbal fluency (t�3.22, df�218,
p�0.002). Performances became worse on the TMT, Part
B (t�7.48, df�217, p�0.0001). However, the absence of
an interaction effect between gene status and follow-up
time indicated that the rate of change in motor, cognitive
and behavioral performance did not differ significantly
between carriers and noncarriers.

DISCUSSION

The aim of the present study was to evaluate the pro-
gression of motor, behavioral, and cognitive functioning
in presymptomatic carriers for Huntington’s disease
over a 3-year period by applying commonly used scales
and tests. Although carriers showed subtle changes in
speed of movement execution, psychomotor speed, and
memory from baseline onward, the rate of change in test
performance over time did not differ from that of non-
carriers. Possible explanations for the lack of changes are
that the pace of sign development in our cohort was too
low to detect differences over a 3-year period or that the
measures used were insufficiently sensitive or specific
to detect such changes at this stage. This has implica-
tions for the design of future therapeutic trials.

The low pace of sign development could be explained
by the heterogeneity within carriers with regard to
closeness to onset age. Two studies, using an extensive
battery of tests, failed to find changes in carriers after
210 and 4 years11 of follow-up, but the authors suggested
that the groups were too young (baseline ages were 31.9
and 26.2 years, respectively) for changes to be detected.
Although the carriers from the present study were near
the typical age of onset, no decline was observed. This
could be due to the dropout of gene carriers as they
could have had measurable longitudinal changes in mo-

tor and cognitive scores. Onset age varies considerably
in the most commonly seen restricted pathological range
of 40 and 45 CAG repeats.23,24 Improved inclusion cri-
teria and better understanding of the factors contribut-
ing to onset age are, therefore, needed.

The finding of clinical markers in this population is
hampered by methodological limitations in the assess-
ment of the three domains characteristic of Huntington’s
disease. The UHDRS does not seem sufficiently sensitive
or specific for this purpose. Blind interpretation of the
clinical significance of subtle motor signs proved unre-
liable since motor categorization was not consistent over
time. Furthermore, the discovery of motor abnormalities
in noncarriers was not anticipated. It appeared that the
rating of noncarriers as unequivocal Huntington’s dis-
ease was not based on severe abnormalities on specific
motor items but rather on the accumulation of items
rated 1 (subtle abnormalities). As different physicians
were involved in the grading throughout the study,
some difference in interpretation should also be taken
into account. This has implications for the diagnostic
process when determining the threshold for Hunting-
ton’s disease onset. Even though subtle neurological
changes were found in carriers,7,25 it has also been re-
ported that these were missed or nonspecific for the de-
termination of Huntington’s disease onset in routine
neurological examination.1,26 Furthermore, the results of
the UHDRS behavioral assessment were also inconsis-
tent over time. In our previous study, we tentatively con-
cluded that after 18 months, aggression might be seen
as a first manifestation of Huntington’s disease,13 but the
present study shows that this observation was not sus-
tained in further follow-up. Variability in occurrence of
psychiatric symptoms has previously been reported.27,28

In the longitudinal assessment of cognitive functioning,
retest effects are a well-known limitation masking a
potential decline. They have been reported in studies
involving patients29,30 as well as presymptomatic carri-
ers8,10 and were observed in our study mainly in psy-
chomotor tasks.

Clinical centers differ in their threshold for diagnos-
ing Huntington’s disease and in defining asymptomatic
at-risk status.5 These differences explain the inconsistent
findings and further hamper the determination of Hunt-
ington’s disease onset. Nowadays, individuals tend to
seek treatment earlier as families are more aware of the
disease. The present findings demonstrate that the cli-
nician should be cautious in establishing and commu-
nicating a definite diagnosis based on subtle motor
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changes because for the individual this will mean the
end of subjective health and the start of being a
patient.1,26

Longitudinal assessment using clinical markers (mo-
tor, cognitive, and behavioral) is still essential but
should be done in combination with other variables,
such as neurophysiological measures, brain imaging,
and biomarker, that change linearly with disease pro-
gression. For example, volumetric MRI studies in pre-
symptomatic carriers show neuropathological changes
prior to clinical diagnosis.31 The monitoring of disease
onset still poses a difficult challenge requiring (new)
measures sufficiently sensitive to track the presymptom-
atic or early disease stage. A more comprehensive scale
than the UHDRS, for example, should be developed5,32

and implemented for diagnostic and research purposes.
In order to include carriers in trial designs, the focus
should be on suitable endpoints instead of on detecting
actual disease onset, which has proved to be an arbitrary
concept. For this purpose, efficient and pragmatic cri-
teria should be set. Cut-offs could be used, for example,
TMS of 20 at the fifth percentile (after calculation in our
carrier group) or a longitudinal one like the percentage
of decreased performance on a specific task. The vari-
ability within performances of an individual could also
be a criterion. For example, comparison subjects are
more consistent over time when performing simple

tasks like the TMT, Part A or Stroop color naming and
word reading, while the performance of gene carriers is
more variable.9 Furthermore, it is important to take into
account variables like retest effects and demographics.
A possible solution to reduce retest effects is to discard
the results of the first assessment29 while the heteroge-
neity in terms of years to onset, for example, could be
influenced by intellectual variability, a higher IQ indi-
cating that the individual is further from onset.

To our knowledge, the present longitudinal study is
the largest to compare carriers with noncarriers in an
extensive battery of tests using the motor, cognitive, and
behavioral domains. The design over a 3-year period
failed, however, to find clinical markers for Hunting-
ton’s disease. Rather than waiting for phenoconversion
without knowing what to search for, novel strategies
should be developed to resolve the methodological lim-
itations of longitudinal evaluation in order to include
carriers in future therapeutic trials. To serve that pur-
pose, improved inclusion criteria and better under-
standing of the factors contributing to onset age and
variability in performances are necessary. Furthermore,
research should focus on comprehensive tools to track
suitable clinical endpoints and combine these with wet
and dry biomarkers.
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