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Abstract
Controversy exists regarding the feasibility of preventive clinical trials in prodromal Huntington
disease (HD). A primary limitation is a lack of outcome measures for persons with the gene
mutation who have not yet been diagnosed with HD. Many longitudinal studies of cognitive
decline in prodromal HD have not stratified samples based on disease progression, thereby
obscuring differences between symptomatic and nonsymptomatic individuals. Prodromal
participants from PREDICT-HD were stratified by disease progression into one of three groups:
those having a High, Medium, or Low probability of motor manifestation within the next five
years. Data from a total of N = 1299 participants with up to 5950 data points were subjected to
linear mixed effects regression on 29 longitudinal cognitive variables, controlling for age,
education, depression, and gender. Performance of the three prodromal HD groups was
characterized by insidious and significant cognitive decline over time. Twenty-one variables from
19 distinct cognitive tasks revealed evidence of a disease progression gradient, meaning that the
rate of deterioration varied as a function of progression level, with faster deterioration associated
with greater disease progression. Nineteen measures showed significant longitudinal change in the
High group, nine showed significant change in the Medium group and four showed significant
cognitive decline in the Low group. Results indicate that clinical trials may be conducted in
prodromal HD using the outcome measures and methods specified. The findings may help inform
interventions in HD as well as other neurodegenerative disorders.

Introduction
Autosomal dominant neurodegenerative disorders such as Huntington disease (HD) provide
researchers with the opportunity to track the development of cognitive impairment from the
earliest measurable changes to eventual dementia. Although a wealth of research findings
have established that decline is evident decades before clinical diagnosis[1], controversy
exists regarding the feasibility of measuring interventions to delay or slow disease
progression. We searched PubMed and Medline for articles reporting repeated cognitive
assessments in persons with the HD gene expansion who were not yet diagnosed with
disease. Search terms included prodromal, presymptomatic, preclinical, prediagnosed,
asymptomatic, premotor, preHD, and HD. Table 1 gives a summary of sixteen papers
(comprising 8 independent studies) of longitudinal cognitive change in HD before diagnosis.
Four of these studies reported no significant cognitive change[2 3];[4 5] whereas the
remaining twelve papers documented significant cognitive change over time[6-16]. One
paper concluded that, “for premanifest HD, rates of progression of these cognitive outcomes
appear to be too slow to detect with a reasonable sample size in a time period reasonable for
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a clinical trial” [5]. The weight of this statement is great for a field burgeoning with efforts
to intervene at the earliest time possible. For well over a decade, clinical trials to slow the
progression of neurodegenerative disorders [17 18] or simply to improve static impairment
[19 20] have provided incentive for drug development and treatment for cognitive
impairments. The purpose of the current study is to provide the largest ever longitudinal
study of cognitive outcomes in prodromal HD and to compare findings with all available
literature. Such a study is critical to advance efforts to design preventive clinical trials for
HD. The aims of this study are to 1) investigate rates of cognitive decline between groups
with different prodromal staging of disease, 2) compute standardized annual rates of
cognitive change for clinical trial development in prodromal HD, and 3) compute estimated
sample sizes for clinical trials designed to detect an amelioration or delay of progression
prior to motor diagnosis.

Methods
Participants

The data analyzed in this study were collected from September 2002 to August 2012 from N
= 1299 PREDICT-HD participants (1002 with prodromal HD and 297 controls) at 32 sites.
All participants had completed genetic testing for HD prior to (and independent from) study
enrollment. HD is one of several trinucleotide repeat disorders which are caused by an
expanded sequence of three DNA bases, cytosine, adenine, guanine (CAG). CAG is the
genetic code for the amino acid glutamine. Research to date has shown that people with
fewer than 36 repeated glutamines in the polyglutamine tract do not typically develop HD
whereas CAG repeat lengths at or above 36 results in manifestation of disease. The number
of CAG repeats is related to the age of disease onset with longer repeats showing an earlier
onset, accounting for up to 60% of the variance in onset age.[21] Gene expansion status and
CAG repeat length were confirmed at the initial study visit. Prodromal HD participants had
CAG ≥ 36, and the gene mutation negative comparisons (controls) had CAG < 36. At study
enrollment, participants were required to be 18 years of age or older and could not yet be
diagnosed with manifest HD according to traditional motor criteria. Motor diagnosis is
defined as the highest rating on the Diagnostic Confidence Level (DCL) of the Unified
Huntington’s Disease Rating Scale (UHDRS; Huntington Study Group), which is scored
after a brief motor examination. The highest rating indicates a certified examiner is at least
99% confident that the individual shows unequivocal signs of HD.[22-24] All participants
provided informed consent (reviewed and approved by the Institutional Review Board at
their respective sites) and were treated in accordance with the ethical standards of the
American Psychological and Medical Associations. Studywide exclusion criteria included
history of a significant developmental cognitive disorder, other CNS disease or injury,
evidence of an unstable medical or psychiatric illness (including substance abuse), a
pacemaker or metallic implants, or having taken prescribed antipsychotic medication in the
last 6 months or phenothiazine derivative antiemetic medication in the 3 months prior to
enrollment. Progression groups were defined based on the CAG-Age Product or CAP
score[25], which is a formula derived from an accelerated failure-time (AFT) model,
computed as CAP = (Age at entry) × (CAG – 33.66). CAP scores can be converted to a
scaled CAP score (CAPS) based on a 5-year probability of motor diagnosis and cutoffs were
derived to stratify by estimated years to diagnosis. CAP was derived by Zhang et al. (2011)
as a new index of disease progression at study entry and was based on actual prospectively
diagnosed prodromal PREDICT-HD participants. All previous models published were based
on retrospective, self-report data using patient- and family-reported dates of disease onset
age. The CAP formula was derived from the best fitting AFT model and the subgroups
(Low, Medium, High) were optimal according to the criterion of the algorithm used by
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Zhang et al. based an earlier sample of PREDICT-HD participants.[25] Table 2 shows
descriptive statistics for the prodromal HD and control groups.

Procedure
Participants completed a comprehensive cognitive assessment as part of their annual visit in
the PREDICT study. Strict quality control protocols were applied to all cognitive data;
details are provided in the appendix. The frequency of test administration differed over the
course of the study, with a core battery administered yearly and other tasks administered
every other year in order to manage participant burden while maximizing task consideration
for future clinical trials. We have indicated the number of data points collected and
participants in each analysis by task in Table 3. Ten neuropsychological tests administered
were Symbol Digit Modalities Test (SDMT), Stroop Color and Word Test, University of
Pennsylvania Smell Identification Test, Trail Making Test (TMT), Controlled Oral Word
Association Test, Benton Facial Recognition Test, Matrix Reasoning and Vocabulary
subtests of the Wechsler Abbreviated Scale of Intelligence (WASI), Wechsler Adult
Intelligence Scale-III Letter-Number Sequencing (WAIS-III:), and Hopkins Verbal Learning
Test-Revised (HVLT-R). Nine computerized tasks adapted from cognitive science
paradigms were administered as well: Paced Tapping, Emotion recognition, Cued movement
sequencing, Category Learning, 3-disk and 4-disk Tower of Hanoi tasks, Verbal working
memory using n-back, serial learning, simple speeded tapping, simple reaction time and
choice reaction time. A description of each test and task administered as well as the key test
variable(s) included in the analyses is provided for each measure in the appendix. From the
19 tasks, which each yield several variables, we identified a set of 51 variables to examine
baseline, cross-sectional differences from the controls. We then reduced the group to 29
variables based on the following: a) one measure from each conceptually distinct task
component in the cognitive battery was retained; and b) when more than one variable was
available for a specific cognitive task, we chose those variables with the greatest effect size
of disease-specific difference from the controls. The final analysis involved 29 key variables
derived from the 19 measures administered for longitudinal decline in the current study.

Data Analytic Strategy
Each of the 29 variables of interest was analyzed separately using linear mixed effects
regression (LMER)[26]. Details of the models are provided in the appendix. Site-to-site
variability was accounted for by using a three level model with repeated measures nested
within participants nested within sites. Preliminary analysis showed evidence that linear
curves were adequate for the modeling of change over time. The time metric for the analysis
was duration, defined as the current age minus the age at study entry. Each model had
intercept and slope effects for the covariates of gender, age at entry, years of education, and
depression. Two models were estimated for each outcome variable, a reduced model that
had CAP group intercept differences, and a full model that added CAP group slope
differences. The LMER models were estimated using maximum likelihood (ML) methods,
which yield unbiased estimates under the assumption that the missing data mechanism is
ignorable [27]. Due to the large number of estimated models and the large sample size, we
report first on a global, followed by a specific effect size. The global effect size indexes any
type of difference among the CAP groups (i.e., differing slopes among any groups). The
specific effect size indexes a distinct effect between any two groups (e.g. between the High
and control groups). Criteria for significance for the global effect size was based on the
difference between Akaike’s Information Criterion (AIC) [28] and the specific effect size
was defined as the slope difference divided by the standard error of the difference, which we
denote as the Z-ratio. To facilitate comparisons among variables with different scales of
measurement, the estimated slopes from the LMER analysis were expressed in SD units
scaled using the control group mean and SD.
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Required sample size for a hypothetical randomized clinical trial of a cognitively enhancing/
protective treatment was estimated for the outcome variable with the strongest global effect
size. The power analysis used values typical for clinical trials with neurodegenerative
diseases[29]. Statistical power for the slope difference Z-test was considered at four levels
of hypothetical treatment-placebo group differences (40% - 70%), with sampling from the
High CAP group. As a point of reference for these effect sizes, the largest magnitude
represents the effect required for a hypothetical treatment to reduce the most severe
progression group to the next most severe (on average). The trial durations were 24 and 36
months with measurements every 6 months, consistent with the longer follow-up periods
seen in other HD drug trials (e.g. 2CARE and CREST-E). The power level was 80% and the
two-tailed false positive error rate (α) was 5% and 10%. The effect of the treatment was
assumed to be immediate with a constant effect over time.

Results
CAP Group Comparison

Table 3 shows results for the 21 outcome variables that showed statistically reliable group
slope differences. Only 8 of 29 variables considered failed to show significant decline over
time in the prodromal HD group when compared with the controls. Of the 19 tests
administered, 15 showed decline. The tests/tasks which failed to showed significant change
over time in prodromal HD (thus, not listed in Table 3) were the Vocabulary subtest of the
WAIS-III, the HVLT-R, Category learning, serial learning and the n-back test. The outcome
variable with the strongest global effect was the SDMT which had a value 30 points higher
than the next strongest variables, Stroop Color and Stroop Word. This was followed by a
drop of 18 points for the next variables, speeded tapping and Stroop Interference, and so
forth, down to the bottom of Table 3 indicating the variables with the smallest effects.

The standardized slopes shown in Table 3 indicates a disease progression gradient in which
the control group performed the best over time and performance deteriorated as HD
progression group increased. For example, the first row shows that the mean SDMT scores
increased over time for the control group at a rate of +0.05 SD per year. However, the rate of
change steadily decreased by group with the High group showing deterioration over time at
a rate of −0.10 SD loss per year. Graphical representations of some effects are shown in
Figure 1. The disease progression gradient was evident in the differences between CAP
groups and the control group, as indexed by the Z-values. In all cases, the Z-value of the
High group difference was the largest in absolute value. Nine variables (SDMT, Stroop
Color, Stroop Word, Speeded Tapping, Stroop Interference, Smell ID, TMT-A, TMT-B, and
Paced Tapping) had a Z-value for the Medium group difference that was large (defined as |Z|
> 2), and four variables (SDMT, Stroop Interference, TMT-A, TMT-B) had a Low group
difference that was large.

Sample sizes for a hypothetical randomized clinical trial of a cognitively enhancing/
protective treatment was estimated for the variable with the largest global effect size (i.e.,
SDMT). The estimated value of a single arm is shown in Table 4 as a function of study
duration (24 and 36 months), two-tailed α (.05 and .10), and effects size (40% to 70%). The
last row of Table 4 depicts the case of a 36-month trial with the largest slope difference and
most liberal α level. The estimated sample size in this case is N = 27 per study group.

Discussion
In the largest sample of individuals with prodromal HD reported, findings identify numerous
cognitive tasks sensitive to longitudinal decline. For all variables examined, a disease
progression gradient was evident with participants who were less affected showing a smaller
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amount of decline compared to those nearing motor diagnosis. Sensitive tasks included tests
of information processing speed, basic attention, tapping speed, inhibition, odor recognition,
psychomotor response time, set switching and maintenance, motor timing, emotion
recognition, verbal fluency, facial recognition, nonverbal problem-solving, planning, and
sequencing. Although substantial effects (ΔAIC > 10) were found for all of these cognitive
areas, it is important to highlight that efforts were made to rank order the effect sizes of the
various cognitive abilities so that findings could be relevant to clinical research planning
initiatives. The largest effect size was found for the SDMT, a task requiring coordination of
visual scanning, working memory, fine motor speed, and concentration. These findings
replicate those reported in the literature from at least six different studies[6 7 9 11 15 30]
and suggest that this task is highly sensitive and consistent for tracking decline in prodromal
HD. Longitudinal change for every prodromal group was substantially different from the
normal control group, suggesting the SDMT might serve as a sufficient outcome measure to
detect alleviation of decline over time from an effective compound or intervention. It is
striking that the average rate of change for normals was slight improvement, likely reflecting
practice effects or improved performances secondary to task familiarity. Longitudinal
performances for every prodromal group showed decline over time, suggesting that the
SDMT may be sensitive enough to warrant intervention in the prodromal group furthest
from motor manifestation. With regards to neural specificity, the SDMT has long been
considered a sensitive but nonspecific cognitive task, reflecting its multidimensional
demands and widespread activation on functional imaging. Given the widespread brain
circuitry impacted by HD, it is not surprising that one of the most sensitive tasks to disease
progression is one that requires overall brain health and complex associations among various
brain regions.

Many of the tasks demonstrating robust effect sizes for detection of early HD and for
measuring change over time involve a timed component. Six of the studies reviewed (see
Table 1) showed significant changes over time using the Stroop Color Word Test[6 10
14-16]; the Trail Making Test[6 14 16], or other measures of reaction or movement time[11
14], all of which were found to have substantial effects in the current study. Some have
interpreted this finding as reason to emphasize motor and psychomotor measures of HD as
superior to other potential assessed outcomes[13]. The observation that timed tasks appear
most sensitive in prodromal HD has been offered as evidence that tests measuring automatic
cognitive and motor routines may be more sensitive to early disease than more traditional
“clinical” tests which may lack sensitivity for prodromal disease[13 31]. In many basal
ganglia diseases, the impact of psychomotor and motor impairments on cognitive
functioning is to be expected, although distinct methodology is required to extricate
components. For instance, Aron and his colleagues showed that pure motor-based outcome
measures in their study did not vary between HD patients and controls, whereas cognitive-
dependent motor measures did. [32] Similarly, Lawrence et al., conducted research to
disentangle cognitive components from psychomotor speed and showed separable
components of speed and primary cognition, in this study visual-spatial function.[33]
Finally, using a very large sample of individuals with prodromal HD, O’Rourke et al.
examined scores from the Trail Making Test and demonstrated that tests of perceptual
processing, visual scanning, and attention were primarily associated with performances on
Part A of the test whereas executive functions (i.e., inhibition and set-shifting), processing
speed, and working memory were most highly associated with Part B outcomes.[34] Careful
research such as these three studies described above are needed to continue to parse out the
critical cognitive, motor, and timed components of detriment secondary to diseases of the
basal ganglia. It has long been observed that measures most sensitive to HD progression
often depend upon speed and/or timing systems. Although the majority of the research has
emphasized using a timed outcome variable similar to the studies described above, another
large area of work has examined specific circuitry dependent upon internal and external
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timing systems in the brain. Several authors have documented a specific internal timing
deficit in HD[30 35] and recent advances in neuroanatomy have provided a basis for these
impairments[36]. Functional imaging research using task-activated fMRI has advanced our
understanding of the importance of basal ganglia connections in the timing of movements as
well as the temporal encoding and decision processes underlying action sequences [37-40].

Our findings show decline on several additional cognitive tasks not considered primarily
motor or speed-dependent. For instance, primary sensory detection and recognition showed
decline as captured by the smell and emotion identification tests. Stroop interference
requires inhibition whereas Trails B depends upon efficient response shifting; both showed
substantial effects for all three prodromal HD groups. These findings are consistent with
those in the literature suggesting that measures of working memory[9 41], response shifting
and concentration[6 15] showed change over time in prodromal HD. All findings in this
publication can be understood in terms of neural circuitry believed to underlie HD. It is
accepted that basal ganglia output targets the primary motor cortex, the prefrontal cortex
involved in many cognitive and limbic functions[42], as well as discrete multisynaptic loops
connecting the cerebellum and the basal ganglia with multiple areas of the cerebral cortex,
further elucidating the complex array of outcome measures that prove sensitive to
progression of basal ganglia disorders[43]. These findings are consistent with our cross-
sectional findings showing that sensory-perceptual processing and motor planning speed
best predicted time to diagnosis, after controlling for CAP scores and motor symptoms
(Harrington et al., 2012).[39] Future research should illustrate specific cognitive outcomes
with functional and structural imaging dysfunction in HD.

The current findings can only be interpreted within the context of the current diagnostic
criteria for HD (i.e., motor abnormalities). Many authors have noted limitations of the HD
diagnosis and the determination of “conversion” as a clinically subjective judgment
susceptible to error[13 44]. Some have suggested that diagnostic criteria for HD be
reconsidered to include behavioral, psychiatric and cognitive features[24 45] and that
subgroups of prodromal HD could benefit from more sophisticated characterization and
diagnosis. Five of the 16 studies reviewed followed persons with gene mutation through to
“conversion”, or the point in time when a motor diagnosis was considered appropriate. Upon
review, there does not appear to be any difference in the findings noted by these studies
versus those that provided longitudinal data without consideration of diagnosis. Most
research to date has shown that progression of HD follows a linear insidious course until a
point at which time an accelerated decline occurs (documented at 8 to 15 years prior to
motor diagnosis[13 14 46]). It is likely that further delineation of progression during the
prodrome will be critical to best characterize the natural course of disease. Future work is
needed to determine the relative sensitivity of various motor, psychomotor, and cognitive
measures across the entire HD spectrum of disease.

In one of the few studies failing to document significant cognitive change, Stout et al. [5]
reported “very little evidence of measurable deterioration in the premanifest group relative
to controls over either 12 or 24 months.” This apparent discrepancy with our findings may
be due to differences in how each study defines prodromal HD. PREDICT-HD includes all
eligible participants who have positive gene expansion results but do not meet criteria for a
motor diagnosis of HD at baseline (participants may obtain a motor diagnosis during the
duration of the study). However, as highlighted by Paulsen and Long [47], due to the
TRACK-HD entry requirements of a total motor score ≤ 5 for the premanifest group, a gap
may exist between the TRACK-HD premanifest and manifest groups precisely at the state of
progression for which cognitive decline accelerates. The TRACK-HD premanifest group
may be comparable to the Low group defined in this study, but there is no comparable
Medium and High group individuals in that study. Our data suggest that future clinical trials
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aimed at ameliorating cognitive decline should target participants in the High or Medium
CAP group in order to balance the sometimes competing aims of intervening early and
ensuring that a treatment effect can be detected.

We caution that the results cannot necessarily be taken as a definitive ordering of the
importance of the cognitive variables. Cognition is not a unitary construct and the measures
considered in our analysis represent a wide variety of cognitive domains. Due to the
multifactorial nature of human cognition, as noted by Harrington et al. [39] in an earlier,
cross-sectional analysis, composite indices may be more sensitive to the worsening of
cognitive functioning in prodromal HD. Furthermore, as drug advances in other
degenerative dementias have demonstrated, novel compounds may act on neural pathways
associated with specific cognitive networks and selection of cognitive measures for
randomized clinical trials should be carefully considered with the target compound in mind.
Other aspects of cognitive task selection, such as ease of administration and reliability
across sites must also be considered for clinical trial selection. However, with these caveats
in mind, our data demonstrate that several cognitive measures have effect sizes suitable for
use in preventive clinical trials.

In conclusion, our results demonstrate that cognitive measures are indeed sensitive to
decline over time in prodromal HD. These measures may be used effectively to track
cognitive functioning over time. They may also be used as clinical trial outcome measures.
We provide effect sizes and sample size calculations for randomized clinical trial design.
Regarding future directions for research in cognitive decline, investigations to follow
include determining the relationship between cognitive trajectories and declines in
functional ability and/or neuropathological changes measured by neuroimaging. Most
critical to current progress is that appropriate clinical trial outcome measures are available
for preventive trials in prodromal HD.
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Figure 1.
CAP group fitted curves over time for SDMT (left) and speeded tapping (right).
The left-hand graph shows the fitted curves (based on the LMER fitted model) of SDMT in
its original scale by year for the CAP groups. The right-hand graph shows the fitted curves
for speeded tapping.
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Table 1

Literature Review of Cognitive change in Prodromal HD

First author Year
Length of
follow up

(years)
Sample(s) # Cognitive

measures
Cognitive change
findings

Giordani 1995 4 8 +
8 −

29 ns

Campodonico 1996 2 22 +
37−

20 ns

Kirkwood 1999 3.7 12+
31−

6 WAIS-R Digit Symbol
Coding significant
change in + vs −

Paulsen 2001 2 260 AR
70 converted to HD

5 Change rate greatest in
Stroop reading, then
SDMT

Lemiere 2002 1 21 HD
12+
11−

29 Block span significant
change in + vs −

Snowden 2002 5 51 +; 24 converted to
HD

10 Change rate greatest in
Object memory, then
Card sorting, Stroop
reading, Stroop color

Lemiere 2004 2.5 19 HD
12 +
11 −

29 SDMT, Block span, and
HVLT significant change
in + vs −

Witjes-Ane 2007 3 33 +
73 −

17 ns

Solomon 2008 10 43 +
112 −

21 converted to HD

9 significant change on 8 of
9 cog tasks in + vs −
converters more rapid
decline in reaction time,
movement time, button
tapping speed, and
WAIS-R Digit Symbol
Coding

Brandt 2008 3 49 +
134 −

21 converted to HD

10 Significant change in
Wisconsin Card Sorting
Test performances in
converters

Rupp 2010 2.5 38+
68−

28 Significant decline over
time on 6/7 tests for
“near” group and 1/7 for
“far” group; memory
guided latencies and
errors, alternate button
tapping most sensitive

Tabrizi 2011 1 114 HD
118 +
117 −

9 Circle tracing significant
change in + vs −

Hart 2011 7 29 +
43 −

15 WMS concentration,
memory and visual
reproduction scales
significant change in + vs
−
WMS concentration
decline remained
significant when
converters removed

Maroof 2011 21 110 +
138 −

9 7/9 cognitive measures
showed significant
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First author Year
Length of
follow up

(years)
Sample(s) # Cognitive

measures
Cognitive change
findings

19 converted to HD worsening over time;
authors describe gradual
declines “long before
clinical onset” with
abrupt worsening 5 years
prior to motor diagnosis

Tabrizi 2012 2 116 HD
117+
116−

5 Emotion recognition and
speeded tapping different
in prodromal group
closest to diagnosis

Stout 2012 2 116 HD
117+
116−

12 ns

Note: HD = participants diagnosed with manifest HD, + = gene expansion positive, − = gene expansion negative, AR = at risk, CALT =
Conditional Associative Learning Test, HVLT = Hopkins Verbal Learning Test, SDMT = Symbol Digit Modalities Test, WAIS-R = Wechsler
Adult Intelligence Scale- Revised, WMS = Wechsler Memory Scale.

J Neurol Neurosurg Psychiatry. Author manuscript; available in PMC 2014 November 01.



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

Paulsen et al. Page 14

Table 2

Descriptive statistics for Prodromal HD and Control groups.

CAP Group

Variable Control Low Medium High

Probability of motor
diagnosis within 5 yrs NA <.67 .67 - .85 >.85

Estimated years to
motor diagnosis NA >12.8 12.8 –7.6 <7.6

Sample Size (N) 297 278 354 370

Data Points (N*) 1298 1229 1612 1811

Prop. of Males 0.36 0.35 0.34 0.43

Age (Yr) 44.28 (11.32) 35.01 (7.87) 41.66 (9.59) 44.92 (10.10)

Education (Yr) 14.89 (2.55) 14.57 (2.43) 14.56 (2.61) 14.34 (2.76)

CAG Expansion 20.27 (3.52) 40.91 (1.62) 42.02 (2.05) 43.58 (2.74)

SCL90-Depression
Baseline 48.75 (10.35) 52.40 (13.94) 53.18 (14.79) 53.96 (15.65)

CAP=CAG by AGE probability of motor manifestation within 5 years, NA=not applicable, N=sample size, Yr=year, SCL=Symptom Checklist
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Table 4
Required single-arm sample size for a hypothetical randomized clinical trial

Month α
Effect
(%)

Single
N

24 0.05 40 247

24 0.05 50 158

24 0.05 60 110

24 0.05 70 81

24 0.10 40 195

24 0.10 50 125

24 0.10 60 86

24 0.10 70 64

36 0.05 40 105

36 0.05 50 67

36 0.05 60 47

36 0.05 70 34

36 0.10 40 83

36 0.10 50 53

36 0.10 60 37

36 0.10 70 27
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