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Abstract

Recent studies have detected basal ganglia atrophy in clinically asymptomatic persons with the genetic mutation that
causes Huntington’s disease (HD). Whether reductions in caudate and putamen volume on MRI scans are associated
with changes in cognitive and neurologic functioning was examined in 13 healthy adults with the IT-15 mutation.
Reduced striatal volume was found to correlate with greater neurologic (largely motor) impairment, slower mental
processing speed, and poorer verbal learning, although none of the participants met even liberal criteria for clinical
diagnosis of HD. These correlations are strikingly similar to those observed in symptomatic HD patients, possibly
reflecting the earliest manifestations of diseadéN§ 1998,4, 467—-473.)
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INTRODUCTION acteristics in clinically healthy persons who carry the ge-
netic mutation for HD.
Huntington’s disease (HD) is a degenerative brain disorder gjnce the discovery of the first polymorphic DNA marker
characterized primarily by death of neurons in the caudat§nked to the HD gene locus (Gusella et al., 1983) and the
nucleus and putamen (VonSattel et al., 1985). Patients withyore recent identification of the trinucleotide repeat muta-
this genetically transmitted disease invariably develop a degign at IT-15 (Huntington’s Disease Collaborative Research
mentia syndrome, typically considered “subcortical” de-Group, 1993), it has become possible to study clinically un-
mentia (Brandt & Butters, 1986, 1996). Even early in theaffected persons who carry the HD mutation and who will
course of HD, deficits in memory retrieval, executive func- eventually become ill. Consistent with previous studies
tioning, and psychomotor speed are prominent (Brandt, 1994t'Grafton etal., 1990, 1992; Hayden et al., 1987), Aylward
Brandt & Bylsma, 1993). Several independent studies of HDyt 51, (1994) demonstrated that MRI volumes of the caudate
patients have revealed an association between atrophy oftkp@ad, putamen, and globus pallidus are significantly smaller
striatum and impairments in learning and memory, mental prom healthy mutation carriers than noncarriers, even after con-
cessing speed, and cognitive flexibility (Bamford et al., 1995itrolling for age, total brain volume, and presence of minor
Berentetal., 1988; Hasselbalch etal., 1992; Starkstein et alﬂ,eurok,giC signs. Preliminary data from our HD Center also
1992). Furthermore, size of the neostriatum, as revealed bé’uggest that the striatum continues to shrink as persons ap-
brain imaging, has been shown to correlate positively Withproach the likely time of symptom onset (i.e., diagnosable
functional capacity (Shoulsonetal., 1982) and negativelywith“ness) (Aylward et al., 1996).
neurologic impairment (Harris et al., 1996; Starkstein et al., Although most well-controlled studies of asymptomatic
1988). In spite of alarge and growing literature on neuropsyHp mutation carriers have detected no abnormalities in cog-
chological and brain anatomic correlations in symptomatic HDhjtive test performance (Blackmore et al., 1995; Camp-
patients, no study to date has attempted to examine these chgfonico et al., 1996: Giordani et al., 1995: Rothlind et al.,
1993; Strauss & Brandt, 1990), some studies do report im-
pairments in mutation carriers (Diamond et al., 1992; Foroud
Reprint requests to: Jason Brandt, Departm_ent of P_sychiatry and Begt al., 1995:; Jason et al., 1988). However, no study to date
havioral Sciences, Meyer 218, The Johns ng_klns Hospital, 600 N. Woh‘-:-zhas examined the relationship between basal ganglia vol-
Street, Baltimore, MD 21287-7218. E-mail: jbrandt@welchlink.welch.
jhu.edu umes and neuropsychological functioning. It may be rea-
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sonable to hypothesize that early atrophic changes in theoding; the Hopkins Verbal Learning Test (HVLT; Brandt,
striatum are associated with minor, subclinical alterationsl991; Brandt et al., 1992), which assesses verbal learning
in cognitive and motor functioning. Recently, Campodonicoand memory; the Standardized Road Map Test of Direc-
et al. (1996) found that healthy mutation carriers who weretional Sense (Money, 1976) and Extrapersonal Orientation
nearing the likely age of onset of movement disorder showedest (Bylsma et al., 1992; Semmes et al., 1963), which as-
minor declines in sustained attention and mental speed oveess leftright spatial orientation; the Stroop Color and Word
a 2-year period, although their scores remained in the norfest (Stroop, 1935; Golden, 1978), which assesses re-
mal range. However, it is unclear whether these declinesponse inhibition; and the Wisconsin Card Sorting Test
reflected early neuronal loss of the basal ganglia. (Berg, 1948; Heaton, 1981), which assesses hypothesis test-
In the present study, we obtained brain MRI scans, staning and conceptual reasoning.
dardized neurological examinations, and neuropsychologi-
cal te_stlng from healt_hy adults with ar_ld without the HD Imaging Methods
mutation. Our major aim was to determine whether volume
reductions in the neostriatum are associated with minor alMR images were obtained on a General Electric 1.5 Tesla
terations in neurologic and neuropsychological functioningSigna scanner, using a protocol identical to that described
in these individuals. If striatal atrophy is predictive of slower in previous articles (Aylward et al., 1994, 1996). A sagittal
mental processing speed and deficits in learning and menseries was first obtained. A line connecting the anterior and
ory in symptomatic HD patients, a similar, albeit weaker, posterior commissure (AC—PC line) was used for orienta-
relationship might be expected among mutation carriers wheion of the remaining series. Proton-density (3,08/1)

are not yet overtly symptomatic. and T, (3,000/100/1) axial sections were simultaneously
obtained through the region of the basal ganglia, parallel to

METHOD the AC-PC line, with 3-mm-thick interleaved slices and
256X 192 spatial resolution. A spoiled gradient acquisition

Research Participants in the steady state (SPGR) coronal series RB5, TE=

A total of 26 clinically healthy adults in the Presymptom- 5)_was _obtained thro_ughout the entire brain, with 1.5.—mm-
atic Testing Program of the Baltimore Huntington’s Dis- thick slices, 0 gap, flip angle of 4%ind 256x 128 spatial

ease Project at the Johns Hopkins University School ofesolution. All images were acquired using a field of view
Medicine participated in this study. They were all at risk for ©f 24 €M, archived on nine-track magnetic tape and then
HD (by virtue of having an affected parent) and had testingtransferred to reativrite optical disks. Analysys of images

for the expanded triplicate repeat in the “huntingtin” geneWas Performed on a Gateway 2000 workstation.

at IT-15. Participants testing positive for the mutation had Véasures were obtained for head of caudate, putamen,
more than 36CAG repeats (“mutation-positive”), whereas and globl_Js palhdus. Proton-density images were added to
those testing negative had fewer than 31 repeats (“mutatior’® T-Weighted images to enhance CSF spaces. Structures
negative”). All participants knew their genetic test results €€ measured using MEASURE, a custom graphics soft-
at entry to this study and were included only if they did notVare program developed locally (Barta etal., 1997). Struc-

meet clinical criteria for HD (as judged by an experiencedture boundaries were outlined in each slice using a mouse-

neuropsychiatrist or neuropsychiatric research nurse) on tHegPntrolled cursor. For each structure, measurement began

basis of a standardized, quantified neurological examinall" the most inferior slice in which the caudate and putamen

tion (QNE; Folstein et al., 1983) and psychiatric interview Were clearly separated by the internal capsule. Measure-

(SADS-L: Endicott & Spitzer, 1978). The research protoco|ment continued in a superior direction until the head of the
is described in detail elsewhere (Brandt et al., 1989, 1996)°audate merged with the body of the caudate. The borders

Twenty-two of the original 27 participants (9 mutation- of the caudate were defined laterally by the anterior limb of
positive, 13 mutation-negative) who participated in Ayl- the internal capsule and medially by the frontal horn or body

ward et al. (1994) were included in this study by virtue of of the lateral ventricle. The most superior slice in which the

having clinical examinations and neuropsychological testh€ad of caudate was measured was the one below that in

ing at the time of their scans. Four additional participants/Nich the caudate head and body fused. The borders of the

were added. Thus, our sample consisted of 13 mutationPutamen were defined laterally by the external capsule. At
positive participants and 13 mutation-negative partici_moremfenorlevels,the medial borders of the putamen were

pants, group-matched on age and education defined by the globus pallidus; at more superior levels, the
’ ' medial borders were defined by the internal capsule. The

. globus pallidus was defined laterally by the putamen and
Neuropsychological Tests medially by the posterior limb of the internal capsule.
Neuropsychological tests were completed by participants For each structure, areas within slices were calculated,
at the time of MRI scanning. The tests were selected besummed across slices, and multiplied by slice thickness, re-
cause of their demonstrated sensitivity to the dementia o$ulting in an approximate structure volume. Striatal volume
HD (Brandt, 1991). They included the Symbol Digit Mo- was calculated by adding the volumes of the caudate and
dalities Test (Smith, 1973), which assesses rapid mentgdutamen. Because of movement artifact, caudate and glo-
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bus pallidus volumes could not be calculated for two par- 10 -

ticipants (1 mutation-positive, 1 mutation-negative). All 9j

measurements were made by one experienced technician,

who was blind to genetic status and neuropsychological test 8 1

performance. Interrater reliability and validity of the volu- "E 7 = Mutation.

metric measurements have been demonstrated previouslg Positive

(Aylward et al., 1994). g 61 O Mutation-
Because the axial series did not include the entire brain.3 g - Negative

brain volumes were obtained from the SPGR coronal se=>

ries. A semiautomated thresholding program was used tog 41

measure total brain area (brainventricular space) in ev- ‘.DE 3

ery third image of the series. Areas were multiplied by slice

thickness (1.5 mm) and then multiplied by 3 (to adjust for i

unmeasured slices), yielding approximate brain volumes. 1 -

Eight participants (5 mutation-positive, 3 mutation-negative) ]

did not have the SPGR coronal series throughout the entire ]

Caudate Nucleus Putamen Globus Pallidus

brain; therefore total brain volumes could not be calculated
for these individuals. Fig. 1. Mean basal ganglia volumes (énof mutation-positive
and mutation-negative presymptomatic groups.

RESULTS

(one-tailed). Because of the large number of statistical com-

parisonsg was set at .01 to minimize Type | statistical errors.

Mutation-positive and mutation-negative groups did notdif- The raw basal ganglia volumes for the mutation-positive

ferin sex distribution norin mean age, years of education, esand mutation-negative groups are shownin Figure 1. After co-

timated 1Q, or total brain volume (see Table 1). Although mearvarying for age and QNE score, significant group differ-

QNE score for the mutation-positive group was significantlyences were found for both caudalg1,21)=9.2,p = .006]

higher (i.e., showed greater neurologic abnormality) than tha@nd putamenf (1,22)= 9.4,p = .006], but not globus pal-

for the mutation-negative group, scores were well within theidus [F(1,21)= 0.1,p = .73]. The findings were unaffected

normal range for all participants. (In our clinic, new-onset HD by covarying for total brain volume. After controlling for age

patients typically obtain QNE scores above 20 when first di-and QNE, the two groups did not differ on any of the cogni-

agnosed.) After careful examination, even the participant witHive tests.

a QNE score of 16 was judged not to meet clinical criteria for

HD (Folstein et al., 1986). The next highest QNE score wa ;

10. Nonetheless, to guard against the possibility that particitorrelates of Striatal Volume

pants who may be already mildly symptomatic with HD areTo test the hypothesis that striatal atrophy is associated with

contributing to any group differences in basal ganglia vol-poorer cognitive test performance and higher QNE scores,

ume, QNE score was used as a covariate in all analyses. Pearson product—-moment correlations were computesd (
Mutation-positive and mutation-negative groups were.01, one-tailed). QNE scores were subjected to g§d4og

compared on brain morphometric and cognitive charactertransformation to reduce the skewness in their distribution.

istics using analysis of covariance and independé¢ests Volumes of the caudate head and putamen were added to

Between-Group Comparisons

Table 1. Demographic and clinical characteristics of participant groups

Characteristic Mutation-positive Mutation-negative p

N 13 13 —
Male/Female 38 4/9 .69
Age at study 35.5(6.4) 40.0 (10.0) .19
Education (yrs.) 14.3 (1.9) 14.1 (2.3) .78
Estimated IG 109.5 (11.0) 108.4 (11.3) .81
CAGrepeat length 44.6 (2.7) range41-51 22.5 (1.3) range 20-25 <.0001
Total brain volume (crf) 410.9 (26.5) 421.3 (37.5) .26
Quantified Neurological Exam 4.8 (4.4) range= 1-16 1.7 (2.6) range 0-8 .03

11Q estimate based on WAIS-R Vocabulary and Block Design subtests.
2Maximum score= 123.
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1.4, Table 2. Partial correlations (controlling for age) between
striatal volume and neuropsychological test scores in 12 healthy
adults with the HD mutation

g Striatal volume
3 Test (partialr) p
%" Quantified Neurological Exam —.70 .01
g (log,q score)
=) Symbol Digit Modalities Test
%, Written Trial .39 A1
S Oral Trial .64 .02
Hopkins Verbal Learning Test .62 .02
0.0; L] ° (sum of recall on Trials 1-3)
) Road Map Test of Directional -.13 .35
5 6 7 8 9 10 11 12 13 14 15 sense(s)
Extrapersonal Orientation Test —.03 A7
Striatal Volume (cm3) (total errors)
Fig. 2: Regression of log, Quantified Neurological Exam score St;?ncizr;?leorrcing ;AC/?):(;)TeSt 50 11
on striatal volume. Wisconsin Card Sorting Test —.53 .04

(cards per sort)

form a composite striatal volume. The globus pallidus was
excluded from the analysis since it did not differ in volume
between the groups. For each neuropsychological test, a regene on neuropsychological tests sensitive to early-stage dis-
resentative variable was selected, based on how well it reease. However, they did have smaller caudate nuclei and
flected overall test performance. The analysis was adjusteputamens. Furthermore, reduced size of basal ganglia was
for age, since age was inversely associated with striatal volassociated with greater neurologic abnormality, slower men-
ume in participants with the gene mutatiorf]1) = —.53, tal processing speed, and poorer verbal learning for individ-
p = .04]. uals who inherited the mutation. These findings suggest that
The partial (age-adjusted) correlations between striatasubclinical brain anatomic and cognitive changes begin to
volume and test scores for mutation-positive participants areccur before persons with the expanded triplicate repeat at
presented in Table 2There was a significant correlation |T-15 become overtly symptomatic with HD.
between striatum volume and IggQNE score, such that  The neuropsychological and neurologic correlates of stri-
minor neurologic abnormality was associated with smalleratal size in our healthy mutation carriers parallel those re-
size (see Figure 2). Correlations between striatal volume anglorted in symptomatic HD patients. Starkstein et al. (1988)
performance on the Symbol Digit Modalities Test (Oral Trial)
and Hopkins Verbal Learning Test (sum of recall on Trials
1-3) were marginally significant (see Figures 3 and 4). A
closer inspection of the striatal constituents revealed that
only putamen volume correlated with QNE score [partial —~ 100- °

r(10)= —.73,p < .003] and performance on the Symbol g
Digit Modalities Test [partiat (10)=.67,p < .01], whereas —  90- . °
only caudate size was associated with recall on the Hopking
Verbal Learning Test [partial(9) = .71,p < .01]. Toguard  ,,  80- °
against the possibility that these significant partial correla- § i
tions are attributable to the inclusion of individuals mildly &  70-
affected with HD, QNE score was then added to age as a2 o0 *
covariate. None of the associations was altered. = 60! . . .
a
DISCUSSION é 50- o
Consistent with several earlier studies from our center andz’ 40
others, clinically healthy individuals with the HD gene mu- 5 6 7 8 9 10 11 12 13 14 15

tation did not, as a group, differ from those with the normal
Striatal Volume (cm3)

1 None of these correlations was significant among mutation-negativé-i9. 3. Regression of score on Oral Trial of Symbol Digit Modal-
participants. ities Test on striatal volume.
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36- the most recent scans, and none of the participants has yet
34 . been diagnosed; and (4) we controlled statistically for the

] ° possible influence of minor neurologic abnormalities on cog-
30. ¢ nitive performance. Thus, it appears that our findings apply

to participants who are free of overt signs of HD.

It might be argued that the observed neuropsychological
correlates of striatal volume have nothing to do with HD,
but rather reflect relationships present in the normal brain.
However, we consider this unlikely since we did not find a
single significant correlation between brain morphometry
241 and test performance in our mutation-negative participants.
221 Although we may have identified very early changes as-
20, soci_ated with_H_D, it would b_e pr_emature te use this infer-

5 6 7 8 9 10 11 12 13 14 15 mauqn for clinical d|agnos_|s without repllcatlon. But if

cognitive and neuroanatomic changes reliably occur before

Striatal Volume (cm3) symptoms of HD are evident on clinical examination, a set
_of criteria might be developed for earlier detection of dis-
ease onset. This improved diagnostic sensitivity would al-
low the testing of new pharmacologic interventions earlier
in disease development, where they are most likely to be
effective in forestalling the onset of HD or slowing its
found an association between an index of caudate atrophyrogression.
on CT scans and performance on the Symbol Digit Modal-
ities Test (Oral Trial), Trail Making Test (Parts A and B),
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