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ABSTRACT

Background: Cognitive decline has been reported in Huntington disease (HD), as well as in the
period before diagnosis of motor symptoms (i.e., pre-HD). However, the severity, frequency, and
characterization of cognitive difficulties have not been well-described. Applying similar cutoffs to
those used in mild cognitive impairment (MCI) research, the current study examined the rates of
subtle cognitive dysfunction (e.g., dysfunction that does not meet criteria for dementia) in pre-HD.

Methods: Using baseline data from 160 non-gene-expanded comparison participants, normative
data were established for cognitive tests of episodic memory, processing speed, executive func-
tioning, and visuospatial perception. Cutoff scores at 1.5 standard deviations below the mean of
the comparison group were then applied to 575 gene-expanded pre-HD participants from the
observational study, PREDICT-HD, who were stratified by motor signs and genetic risk for HD.

Results: Nearly 40% of pre-HD individuals met criteria for MCI, and individuals closer to HD diag-
nosis had higher rates of MCI. Nonamnestic MCI was more common than amnestic MCI. Single-
domain MCI was more common than multiple-domain MCI. Within the nonamnestic single-domain
subtype, impairments in processing speed were most frequent.

Conclusions: Consistent with the Alzheimer disease literature, MCI as a prodromal period is a
valid concept in pre-HD, with nearly 40% of individuals showing this level of impairment before
diagnosis. Future studies should examine the utility of MCI as a marker of cognitive decline in
pre-HD. Neurology® 2010;75:500-507

GLOSSARY

AD = Alzheimer disease; BFRT = Benton Facial Recognition Test; DCL = Diagnostic Confidence Level; HD = Huntington
disease; HVLT-R = Hopkins Verbal Learning Test-Revised; MCI = mild cognitive impairment; PD = Parkinson disease;
SCWT = Stroop Color Word Test; SDMT = Symbol Digit Modalities Test; UHDRS = Unified Huntington's Disease Rating Scale.

Mild cognitive impairment (MCI) is a transitional stage between normal cognition and de-
mentia.' It is operationally defined by subjective cognitive complaints, objective deficits (e.g.,
cognitive scores falling 1.5 or more standard deviations below matched peers), and the absence
of dementia and functional impairment.>® The concept of MCI has proven valuable because
these individuals progress to dementia more quickly than cognitively normal peers.* Though
most commonly associated with Alzheimer disease (AD),* MCI has been applied to other
neurologic conditions. For example, MCI associated with vascular disease™® can predict wors-
ening of the disease.” Individuals with Parkinson disease (PD) can have single or multiple
domain MCL?®? and they progress to dementia at higher rates than intact peers.'

Cognitive dysfunction is one of the triad of symptoms of manifest Huntington disease
(HD), with impairments in attention, verbal fluency, psychomotor speed, executive function-
ing, memory, and visuospatial functioning. However, the incidence of clinically relevant cog-
nitive impairments is unknown.!'"'> Moreover, cognitive changes develop gradually in HD,
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with some appearing 15 years before motor
signs.'® Thus, early identification of MClI is of
keen interest in HD, where treatment with
neuroprotective agents might delay the pro-
gression of cognitive decline. The current
study examined the incidence of MCI in a
large sample of individuals with the genetic
expansion for HD, but who did not show suf-
ficient motor signs for a diagnosis of HD (i.e.,
pre-HD). Based on studies of other neuro-
logic conditions, it was expected that some
pre-HD individuals would display cognitive
patterns consistent with MCI, with single-
domain being more frequent than multiple-
domain MCI.

METHODS Participants. Study participants included 160
non—gene-expanded and 575 gene-expanded individuals from
the PREDICT-HD study,!” a prospective observational investi-
gation of the earliest signs and symptoms of HD. Dates of data
collection were from October 2002 to April 2009. Age- and
education-corrected norms were developed using the non—gene-
expanded comparison participants. These individuals were a
mean of 44.9 years old (SD 8.1; range 30—59), had a mean of
14.5 years of education (SD 2.8; range 8 -20), and were predom-
inantly women (70.6%) and white (100%). Comparison partic-
ipants had a parent with HD, but all had CAG repeat lengths in
the unexpanded range (i.e., <30).

To characterize the incidence of MCI in pre-HD, gene-
expanded participants were studied. These individuals had CAG
repeat lengths in the expanded range (i.e., =306) as verified by
genetic testing conducted independently from this study.
Pre-HD participants were a mean of 42.1 years old (SD 7.4;
range 30-59), had a mean of 14.5 years of education (SD 2.6;
range 8-20), and were predominantly women (62.3%) and
white (97.9%). All gene-expanded participants were classified as
pre-HD based on expert raters’ assessments of motor signs and
functional capacity impairments that were insufficient to merit a
diagnosis of HD. Motor signs were evaluated using the total
motor score of the Unified Huntington’s Disease Rating Scale
(UHDRS), in which 31 items (e.g., ocular pursuit, finger taps,
chorea) are rated on a 4-point scale ranging from normal to
severe impairment. Total motor scores in the pre-HD partici-
pants suggested minimal motor signs (mean 4.5, SD 4.7). Con-
sistent with the methods in the PREDICT-HD study, only
gene-expanded participants with less than unequivocal signs of
HD were included. The Total Functional Capacity score'® of the
UHDRS was used to quantify a patient’s ability to perform basic
and instrumental activities of daily living; the score is derived
from reports of the pre-HD participant and his or her compan-
ion. Scores range from 0 to 13, with higher scores indicating
more intact functioning. Only gene-expanded participants with
no functional impairments (i.e., Total Functional Capacity
score = 13) were included in the study. Pre-HD participants
were stratified in 2 ways. First, using the expert ratings based on
the Total Motor Score (i.e., Diagnostic Confidence Level
[DCL], item 17 of the UHDRS Motor Assessment), participants
were grouped by their likelihood of having HD: normal (DCLO,
n = 234), nonspecific motor abnormalities (<50% confidence,
DCLI1, n = 246), motor abnormalities that may be signs of HD
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(50%—-89%, DCL2, n = 67), or motor abnormalities that are
likely signs of HD (90%-98%, DCL3, n = 25). Again, partici-
pants with unequivocal signs of HD (=99%, DCL4) were ex-
cluded from these analyses. Second, estimated years to diagnosis
of HD was calculated with current age and CAG repeat length."”
The estimated time to HD diagnosis allowed us to stratify across
3 risk periods: near (<9 years to estimated diagnosis, n = 148),
mid (9-15 years to estimated diagnosis, n = 214), and far (>15

years to estimated diagnosis, n = 213).

Cognitive measures. Four cognitive domains were chosen for
hypothesis testing because they have all been reported to be af-
fected in manifest HD. Episodic memory was assessed using the
Hopkins Verbal Learning Test—Revised (HVLT-R). In this test,
participants are given 3 trials to learn a list of 12 related words.
After a 20- to 25-minute delay, free recall for the 12 words is
assessed. The raw score from the delayed recall trial (number
correct) was used. Processing speed was assessed using the Sym-
bol Digit Modalities Test (SDMT). Participants have 90 seconds
to use a reference key to pair as many numeric digits with corre-
sponding geometric figures. The number of correctly paired
items was used. Executive functioning was assessed by the Stroop
Color Word Test (SCWT), which contains 3 trials, each lasting
45 seconds. First, participants name as many colored ink patches
(red, blue, and green) as they can. Next, participants read as
many color names printed in black ink (“red,” “blue,” and
“green”) as they can. Then participants are again instructed to
name the color ink, but of incongruous color names (e.g., re-
spond “red” to the word “blue” printed in red ink). In this inter-
ference trial, correct responding requires suppression of the
overlearned response of reading a word. The number correct
from the interference trial was used. Visuospatial perception was
assessed with the Benton Facial Recognition Test (BFRT). In the
BERT, participants select photographs of faces that match a tar-
get face, but vary in orientation and illumination. The number
correct, of a maximum of 27, is recorded. There are no time
limits for matching faces. For all 4 cognitive scores (HVLT-R,
SDMT, SCWT, BERT), raw scores are reported and higher

scores reflect better performance.

Standard protocol approvals, registrations, and patient
consents. All procedures were approved by local institutional
review boards at all PREDICT-HD sites. All study participants

provided written informed consent prior to data collection.

Procedures. Using baseline data from the comparison group,
age- and education-corrected normative data were generated for
each of the 4 cognitive tests. The age groupings used were 30—
39, 40—49, and 50-59. The education groupings used were 12
or fewer years and more than 12 years. Within each age and
education group (e.g., 40—49 years of age with more than 12
years education), cutoff scores were determined that fell at 1.5
standard deviations below the mean, which is a common demar-
cation point for the identification of MCI. The cutoff scores
from the comparison group were then applied to the pre-HD
participants to determine the frequency of MCI in the large co-
hort. Amnestic MCI was defined as a memory score (i.c.,
HVLT-R) falling below the comparison cutoff. Nonamnestic
MCI was defined as at least one nonmemory score (i.e., SDMT,
SCWT, BFRT) falling below the comparison cutoff. Within the
amnestic and nonamnestic categories, single-domain MCI was
defined as only 1 cognitive score falling below the comparison
cutoff, whereas multiple-domain MCI was defined as 2 or more

cognitive scores falling below the comparison cutoffs. x* was
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Table1 Percentage of pre-HD participants falling below the 1.5 standard
deviation cutoff value by subtype
Amnestic MCI Nonamnestic MCI

Group No MCI Single Multiple Single Multiple
Comparison 80.3 51 1.9 9.0 3.8
All pre-HD 60.2 7.5 9.3 18.4 4.6
DCL

DCLO 66.2 6.8 5.6 171 4.3

DCL1 58.5 7.7 10.6 18.7 4.5

DCL2 522 10.5 14.9 19.4 3.0

DLC3 36.0 4.0 20.0 28.0 12.0
Nearness to onset

Far 72.7 6.2 29 14.4 3.8

Mid 57.8 8.9 8.0 20.2 52

Near 46.0 7.4 20.3 21.6 4.7

Abbreviations: DCL = diagnostic confidence level; HD = Huntington disease; MCI = mild
cognitive impairment.
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used to compare groups (comparison and pre-HD) on percent-

age with MCI subtypes.

RESULTS Non-gene-expanded comparison partici-
pants. On average, raw scores on the cognitive tests in
the non—gene-expanded comparison participants fell
within the normal range compared to normative data
from test manuals (HVLT-R: mean 10.0, SD 2.0
[47th percentile]; SDMT: mean 53.7, SD 8.8 [55th
percentile]; SCWT Interference: mean 46.2, SD 8.8
[55th percentile]; BFRT: mean 23.0, SD 1.9 [71st
percentile]). For our entire comparison group, cutoff
scores at 1.5 standard deviations below the mean
were HVLT-R 7.1, SDMT 40.4, SCWT Interfer-

ence 33.0, and BFRT 20.2. Note that these cutoffs
are based on the entire sample (i.c., collapsed across
age and education groupings), and the individual
group cutoff scores can be obtained from the first

author.

Gene-expanded pre-HD participants. Table 1 summa-
rizes the percentage of pre-HD participants who
scored 1.5 or more SDs below our comparison group
cutoff for each MCI subtype. When each pre-HD
participant was compared to his or her age- and
education-corrected cutoff score, 39.8% of the gene-
expanded pre-HD participants were identified as
having some type of MCI (i.e., at least one cognitive
domain falling 1.5 or more standard deviations be-
low the comparison group). The majority of these
individuals were classified as having a nonamnestic
MCI subtype (18.4%), with fewer having an amnes-
tic subtype (7.5%). Within both amnestic and
nonamnestic subtypes, single-domain MCI was
much more common than multiple-domain MCI
(26.0% vs 13.9%). Within all pre-HD participants,
deficits in processing speed were the most common
followed by episodic memory and visuospatial pro-
cessing impairments (table 2). MCI in executive
functioning was least common.

Those pre-HD participants who presented with
more motor abnormalities (and greater expert rater
confidence of emerging HD) had higher rates of
MCI (DCLO = 33.8%, DCL1 = 41.5%, DCL2 =
47.8%, DCL3 = 64.0%, p < 0.0001 for trend).
Additional details about the MCI subtypes and cog-
nitive domains affected as they relate to motor ab-

normalities are presented in tables 1 and 2.

Table 2 Percentage of pre-HD participants falling below the 1.5 standard deviation cutoff value by
cognitive domain
Multiple domain
Single domain
M+ M+ M+ PS+ PS+ EF+ M+PS PS+EF M+ PS +
Group M PS EF VSP PS EF VSP EF VSP VSP + EF + VSP EF + VSP
Comparison 51 82 82 25 1.3 0.6 0.0 19 0.6 1.3 0.0 0.0 0.0
All pre-HD 7.5 91 31 63 28 0.8 0.7 1.7 1.0 1.0 21 0.7 0.9
DCL
DCLO 6.8 6.4 17 90 2.6 0.0 0.4 0.6 0.3 0.8 1.7 0.9 0.4
DCL1 77 106 41 41 3.7 0.4 0.8 1.6 1.6 0.8 2.9 0.4 0.8
DCL2 105 105 30 6.0 60 30 15 1.5 0.0 1.5 1.5 0.0 1.5
DLC3 40 160 80 40 0.0 8.0 0.0 4.0 0.0 4.0 4.0 4.0 4.0
Nearness to
onset
Far 6.2 48 19 77 14 05 00 1.0 1.0 1.0 0.5 1.0 0.5
Mid 89 108 47 14 0.7 0.3 0.9 19 14 1.4 1.9 0.5 0.0
Near 74 128 27 12 1.5 0.3 14 2.7 0.7 0.7 4.7 0.7 2.7

Abbreviations: DCL = diagnostic confidence level; EF = executive functioning; HD = Huntington disease; M = memory;
MCI = mild cognitive impairment; PS = processing speed; VSP = visuospatial perception.
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As pre-HD participants got closer to estimated
diagnosis based on their genetic risk, the prevalence
of MCI increased (far = 27.3%, mid = 42.3%,
near = 54.1%; p < 0.0001 for trend). Pre-HD par-
ticipants who were near (<9 years) or midway (9-15
years) to diagnosis had higher rates of MCI than the
comparison group (p < 0.0001), while those who
were far (>15 years) from diagnosis did not (p =
0.10). Nearness to diagnosis appeared to lead to
different patterns of MCI subtypes. Whereas nonam-
nestic MCI demonstrated a linear increase with near-
ness to diagnosis, the amnestic subtype was less
linear. Single-domain MCI was more common in
both the far and mid pre-HD participants (far: sin-
gle = 20.6%, multi = 6.7%; mid: single = 29.1%,
muld = 13.2%), but single and multiple-domain
MCI were equally common in those near to diagno-
sis (single = 29.1%, multi = 25.0%). In those far
from diagnosis, visuospatial perception and episodic
memory were the most common single-domain sub-
types (see table 2). In those mid and near diagnosis,
processing speed and episodic memory were most

commonly affected.

DISCUSSION Cognitive deficits have been widely
reported in pre-HD and manifest HD,'""> but the
prevalence of MCI in HD has not been previously
examined. In a large cohort of individuals who were
estimated to be over 14 years from a motor diagnosis
of HD, we found that nearly 40% displayed mild
impairments in episodic memory, processing speed,
executive functioning, and/or visuospatial percep-
tion. These pre-HD individuals met existing criteria
for MCI, as they did not have dementia and were not
experiencing functional decline, but did show evi-
dence of cognitive deterioration using standard crite-
ria for MCI (i.e., decline in performance by 1.5 or
more standard deviations relative to age- and
education-matched normative data). The rates of
MCI observed in this pre-HD cohort are notably
higher than MCI rates reported in non-HD geriatric
samples (e.g., 4% of amnestic MCI),? although this
appears to be the first study to examine the preva-
lence of MCI in a young, pre-HD cohort.

Unlike distributions seen in AD, the nonamnestic
MCI subtype was more than twice as frequent as the
amnestic subtype in this cohort of pre-HD individu-

21 as few (if

als. In some ways, this is not surprising,
any) of these individuals are expected to progress to
AD, given their known risk of HD. However, consistent
with MCI in other neurologic disorders, single-
domain MCI was more common than multiple-
domain MCI. Nearly twice as many gene-expanded
participants demonstrated isolated cognitive deficits

as those with multiple-domain impairments (e.g.,
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single-domain MCI = 25.9%, multiple-domain
MCI = 13.9%). We suspect that single-domain
MCI may reflect an earlier point in the transition
between normal cognition and dementia, and that
multiple-domain MCI represents a later point in the
progression of cognitive dysfunction.

When individual cognitive domains were exam-
ined, processing speed (9.1%) and episodic memory
(7.5%) were most commonly affected in pre-HD.
This finding is consistent with reports of cognitive
deficits in both manifest HD and pre-HD. For ex-
ample, differences between gene-expanded and non—
gene-expanded participants have been observed on a
range of cognitive measures, including those assess-
ing processing speed.'” Similarly, multiple studies
have identified impairments in learning and memory
in patients with HD.'422 Given the prevalence of def-
icits in these 2 cognitive domains in our study, they
might serve as targets for early intervention in clinical
trials. However, it should be noted that only the pro-
cessing speed measure had a linear trend across all 3
phases of pre-HD (near, mid, far), which might
make this the best candidate target for those clinical
trials. Somewhat surprisingly, the rate of the execu-
tive dysfunction MCI subtype was the lowest of the 4
domain subtypes examined, irrespective of the esti-
mated time to HD diagnosis. Response inhibition on
the SCWT does not fully capture the multifaceted
domain of executive functioning. Future studies
should utilize multiple measures of executive func-
tioning to investigate MCI in this domain.

Not only is MCI relatively common in pre-HD,
but it appears associated with onset of HD. As more
motor abnormalities were observed in these patients
(i.e., higher DCLs), MCI rates increased. For exam-
ple, 33.8% of individuals rated as motorically normal
(i.e., DCLO) were classified with some type of MCI,
whereas 64% of individuals with motor signs likely
to be HD (i.e., DCL3) had MCI. Such findings indi-
cate that when motor signs are observed in these pa-
tients, a referral for a neuropsychological evaluation
is also likely needed. MCI risk also appears related to
genetic risk of HD, as individuals approaching esti-
mated diagnosis (based on CAG repeat length and
current age) had double the rates of MCI (e.g.,
27.3% and 54.1% of the far and near participants).
These findings indicate that MCI represents a pro-
dromal period in HD, similar to the transitional
stage in AD and other neurodegenerative conditions.

Our findings have both clinical and research im-
plications. For health care providers, greater atten-
tion needs to be directed toward MCI in pre-HD.
Despite being “presymptomatic,” a sizable minority
of this relatively young cohort is falling well below
expectations in a broad range of cognitive domains.
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Although statistically significant declines in cogni-
tion relative to controls have been reported in gene-
expanded and non-gene-expanded individuals,'®!”
the clinical significance of these cognitive changes
was not examined. This information is vital for de-
velopment of diagnostic criteria that would better aid
in the early identification of the MCI phase of the
disease. The need for early identification of MCI is
partly driven by the evolution of putative neuropro-
tective agents that ideally would be administered
when pathology is first detected. Additionally, since
many pre-HD individuals are working and raising
families, they may actually be experiencing some
mild functional difficulties in daily life that are not
captured by the functional capacity scale of the
UHDRS. Interventions, such as cognitive rehabilita-
tion or cognitive-enhancing medications, might be
useful in remediating the early effects of HD. From a
research standpoint, our results raise the possibility
that pre-HD individuals with MCI could represent a
subgroup of all pre-HD individuals. Those with
MCI might be closer to HD diagnosis. These more-
at-risk individuals might be better candidates for
disease-modifying clinical trials, especially trials that
use cognition as a primary endpoint.

The present study is a first step toward character-
izing clinically relevant MCI in pre-HD. Though we
examined 4 cognitive domains commonly affected in
HD, other cognitive domains (e.g., learning, lan-
guage, construction, higher level problem-solving)
clearly merit study. We also only examined baseline
prevalence rates of MCI, whereas future studies
should longitudinally investigate the prognostic
value of MCI in pre-HD. As with AD, vascular cog-
nitive impairment without dementia, and PD, the
concept of MCI in pre-HD is much more valuable if
individuals exhibit faster cognitive decline or higher
rates of progression to dementia. If MCl-positive in-
dividuals convert at higher rates, this information
could better inform clinical and personal decision-
making by practitioners, patients, and their families.
Clinical trials of pre-HD could also be more efficient
if samples were enriched with cases of MCI. Like-
wise, neuroimaging studies of MClI-positive and
MCl-negative pre-HD might advance an under-
standing of the neurobiology of cognitive decline in
HD, just as studies of cerebral atrophy and metabolic
hypoperfusion have in other etiologies of MCI. Fi-
nally, it would be useful to identify the prevalence of
MCI in patients with manifest HD.

One notable limitation of the current study was
its incomplete classification of MCIL. In AD, MCl is
typically operationally defined by 4 criteria: subjec-
tive cognitive complaint, objective cognitive deficit,
absence of functional impairments, and absence of

dementia.!? Our study provided information about
3 of the criteria, whereas data on subjective cognitive
complaints were not collected. Although this leaves
us unsure about how much of a concern MCI is in
pre-HD, this might be the least valuable diagnostic
criterion given that the presence of subjective cogni-
tive complaints tends to be quite variable in MCI
and may have less predictive utility than objective
cognitive deficits.?? Additionally, individuals with
pre-HD and manifest HD may have decreased
awareness,>*?> which could render subjective cogni-
tive complaints of limited value in this population.
Nonetheless, future studies might also collect subjec-
tive information about cognitive functioning from
both patients and collateral sources. Another limita-
tion of the current study is in its samples. Individuals
who participate in PREDICT-HD might not repre-
sent all pre-HD individuals, as only the minority of
at-risk individuals get the genetic test for HD. How-
ever, this selection bias is largely unavoidable for this
type of research. A third limitation of the study was
that cognitive domains were only represented by a
single neuropsychological test rather than multiple
tests that assess that domain; future studies might
employ a broader assessment battery. We also did
not systematically exclude participants with elevated
depression scores. Though increased depression has
been linked with MCI in other studies,?>?” and de-
pression can occur in HD, studies of this pre-HD
cohort suggest minimal depressive symptoms.!7?8
Nonetheless, future studies might examine the rela-
tionship between depression and MCI in pre-HD.
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Classification scheme requirements for therapeutic questions

("Class |, A rando mized, controlled clinical trial of the intervention of interest )
with masked or objective outcome assessment, in a representative
population, Relevant baseline characteristics are presented and substantially
equivalent among treatment groups or there is appropriate statistical

\ 2djustment for differences. v
P
ﬁ:hu Il. A randomized, controlled clinical trial of the intervention of interest\
ina representative population with masked or objective outcome
assessment that lacks one criterion a-e in Class | or a prospective matched
cohort study with masked or objective outcome assessmentina
representative population that meets b-e in Class |, Relevant baseline
characteristics are presented and substantially equivalent among treatment

: groups or there is appropriate statistical adjustment for differences. :

Class 111, All other controlled trials (including well-defined natural history
controls or patients serving as their own controls) in a representative
population, where outcome is independently assessed, or independently
derived by objective outcome measurements.

Class IV, Studies not meeting Class |, I, or lll criteria including consensus or

AAN classification of recommendations

A = Established as effective, ineffective, or harmful (or established )
as useful/predictive or not useful/predictive) for the given condition
inthe specified population. (Level A rating requires at least two
consistent Class | studies.)

: B = Probably effective, ineffective, or harmful (or probably :

useful/predictive or not useful/predictive) for the given condition in

the specified population. (Level B rating requires at least one Class|
study or two consistent Class |l studies. )

: C = Possibly effective, ineffective, or harmful (or possibly :

useful/predictive or not useful/predictive) for the given condition in

the specified population. (Level C rating requires at least one Class ||
study or two consistent Class |1l studies,)

U = Data inadequate or conflicting; given current knowledge,

expert opinion.

T A,

treatment (test, predictor) is unproven.
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