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Abstract

We compared 7 mildly affected Huntington’s disease (HD) patients to 7 age- and education-matched healthy
controls (NC) on an odor detection test, the California Odor Learning Test, and the California Verbal Learning Test.
Results demonstrated that odor detection sensitivity, but not group membership, accounted for significant variance
in total olfactory learning. Both groups learned fewer items in the olfactory modality compared to the verbal

modality, but retained a similar amount following a delay. No group differences were demonstrated for verbal
recognition discriminability, but the HD group demonstrated significantly impaired odor recognition

discriminability. Finally, odor detection provided excellent classification sensitivity and specificity between the
patients and controls, suggesting that olfactory testing may provide a sensitive measure of the early disease process
in HD. (JINS 1999,5, 609-615.)

Keywords: Huntington’s disease, Olfaction, Learning and memory, Recognition memory, Odor identification, Odor
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INTRODUCTION prefrontal cortex (Alexander et al., 1986). Braak and Braak

1992) h lated that thol in th torhi-
Olfactory ability has been studied in Huntington’s disease( 992) have speculated that neuropathology in the entorhi

" . . nal cortex may disrupt the connections between the neocor-
(HD) using a number of different paradigms (Doty, 1991;tex and the hippocampal formation and may result in the
Moberg et al., 1987; Nordin et al, 1995). Previous research PP . y

X . . g personality changes and memory impairments associated
ers have found impairments in detection (Moberg & Doty,p y g y imp

with HD. In HD, the cell loss that occurs in the entorhinal
1997; Nordin et al., 1995), identification (Bylsma et al, 1997; s ;
! area and the striatum (Vonsattel et al., 1985) could disrupt
Doty, 1991; Moberg & Doty, 1997; Nordin et al., 1995), ( ) P

A . the flow of olfactory information to and from olfactory re-
strength an_q quality discrimination (Nordin et al., 1995), gions in the prefrontal cortex. Thus, olfactory deficits in HD
and recognition memory (Moberg et al.., .1987)' In fagt, No.r'may be expressed in tasks relying on intact connections be-
din et al. (1995) demonstrated that deficits in detection, d'sfween the entorhinal cortex and the prefrontal cortex.
crimination, and identification were greater for olfaction than Given that free recall of acquired information may be the
for other modalities (i.e., taste and vision). While the exact |

f this i . ti K it stent with ost severely impaired memory function in HD (Delis
cause ot this impairment Is Unknown, 1t 1S ConsIStent with o al., 1991) and that olfactory ability is also significantly
the known neuropathology associated with HD.

) : impaired, it is possible that an odor-based learning and mem-
Post-morterranalys!s of HD bram; ha; revgaled neuro—ory paradigm may be more sensitive to deficits in HD than
nal loss in the entorhmal cortex, which is believed to SUP~conventional neuropsychological tests. We examined this
port olfactory funcpomng (Braak & Braal§, 1992). Braak ossibility by using an odor-based learning and memory task
and Braak (1992) indicate that the entorhinal cortex relay the California Odor Learning Test; COLT) developed by
information to both the hippocampal formation and to the ’

. ) . . Murphy et al. (1997). We compared the performances of
ventral striatum. The latter, in turn, sends information to theHD patients and control participants on the COLT and on a

commonly used verbal learning and memory task, the Cal-
) : ) ifornia Verbal Learning Test (CVLT; Delis et al., 1987). More
Reprint requests to: Claire Murphy, SDBUCSD Joint Doctoral Pro-

gram, 6363 Alvarado Ct., Suite 101, San Diego, CA 92120-4913. E-mail:SPeCifically, we were interested in investigating three key
cmurphy@sunstroke.sdsu.edu guestions: (1) Do HD and NC participants differ in learning
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and memory on the COLVersusthe CVLT; (2) What con- Measures
tribution does odor detection sensitivity make to odor learn- )
ing and memory; and (3) Are olfactory measures morefPsolute odor detection

sensitive to the early changes in HD than a traditional Neurop wo-alternative (odorant and blank), forced-choice, as-

psychological test, namely the CVLT? cending method of limits was used to assess absolute odor
thresholds monorhinically (Nordin et al., 1995). Each par-

METHODS ticipant was instructed to choose which of the two stimuli
had a stronger smell. Certified grade butanol, in deionized

Research Participants water, was used as the odorant, prepared in a series of 14

) o aqueous dilution steps, each one-third the dilution of the
HD patients were _selegted from_ the_HD Cllnl(_:al Researgi’brevious concentration, beginning with 3055 ppm (Dilu-
Progrqm at the University of Callfor_ma, San D|ego. The di-iop Step Zero). Vapor phase from 60-ml solutions was pre-
agnosis of HD was made by a senior neurologist based 08gnteq in 250-ml squeezable, polyethylene bottles with
an abnormal neurological examination, positive family hIS-pop_up spots. Testing proceeded from weakest to strongest

tory, gene positive status for the HD gene, and dementigqncentrations. Because odor detection has previously been
according to DSM-IV criteria (American Psychiatric ASso- yomonstrated to be impaired in HD (Nordin et al., 1995),

ciat?on, 1994). Exclusiongry criteria included (1) Dementiay, e participants were started at Dilution Step 9. If a par-
Rating Scale (DRS; Mattis, 1988) total score !es_s thf"m 115l.;icipant correctly chose the bottle with the odorant, then the
(2) average olfactory thresholds below 2.5, indicating sexame step was repeated to a criterion of five consecutive
vere hyposmia or anosmia, (3) current or past DSM-IV di-correct responses. If the participant chose the incorrect bot-
agnosis of substance dependence or abuse; (4) neurologjg 5 one-step increase in concentration resulted. The trials
diagnosis other than HD; (5) serious psychiatric diagnosig,ccrred 90 s apart to avoid adaptation. The presentation
requiring hospitalization; (6) speech articulation t00 IM- o¢ the gdorant and blank was randomized. The order in

paired to be reliably understood; and (7) English as a seGyhich the nostrils were tested was also randomized among
ond language. Based upon these criteria, 10 HD patients Welrticipants.

available for study. Odor detection threshold was assessed
in 6 additional HD patients, but they were found to be se- . . . .
verely hyposmic or anosmic and were excluded from fur-(:"’lllfornla Verbal Learning Test (CVLT)
ther study. The CVLT employs a 16 item word list (List A) presented
Ten HD patients volunteered for the olfaction memory orally for five immediate recall trials. The list consists of
battery. Two of these patients were unable or unwilling tofour items from each of four semantically distinct catego-
complete the protocol. Thus, the HD sample consisted of §ies (e.g. fruits, spices and herbgools clothing). Adja-
HD patients (7 women and 1 man). One HD patient lackectent words on the list are from different categories in order
motivation and concentration during testing and performedgp assess the extent to which the examinee uses the efficient
in a haphazard manner. Statistical analyses revealed that higarning strategy of semantic clustering. Following the pre-
data were more than 3 standard deviations from the meagentation of List A, an interference list (List B) is pre-
Therefore, this patient’s data were not included in furthersented. Immediately following the presentation of List B,
analyses. Thus, the odor memory data of 7 HD patients (dhort delay free and cued recall of List A are conducted.
women) were analyzed. After a 20-min delay period, long delay free and cued recall
The average age of the HD group was 583® = 6.4)  of List A are tested. Finally, recognition memory for List A

and the average number of years of education was 13.j§ assessed, yielding measures of discriminability and re-
(SD=1.8). The HD gene in 3 patients was maternally transsponse bias.

mitted and in 4 patients was paternally transmitted. At the

time of testing, the patients had been diagnosed with HD ap |: : :

average of 6.1 3.8 years. The cognitive status of the HD California Odor Learning Test (COLT)

patients was assessed by the DRS= 130.4,SD= 9.6).  The COLT, developed by Murphy et al. (1997), follows the
Six patients were taking psychotropic medications (i.e., Ssame format as the CVLT. Table 1 displays the odors that
patients were taking an antidepressant, 3 were taking an anttomprise List A and B of the COLT. The odors presented in
psychotic, 2 were taking an anticonvulsant, and one was takhe COLT are at a suprathreshold level. Sixteen odors (List

ing an antianxiety medication). A) were distributed into the four semantic categories of spices
Seven age- and education-matched normal controls (NCand herbs, fruits, personal products, and sauces and condi-
participated. Average age of the controls was 56D = ments. The interference list (List B) has been further re-

13.1) and the average number of years of education was 14fihed since originally developed by Murphy et al. It employs

(SD = 2.3). The NC participants were free of neurologic 16 different odors distributed into four semantic cate-
disease and dementia. All scored within normal limits ongories (e.g.spices and herhdruit, snacksandbeveragep

the Mini-Mental Status Examinations (Folstein et al., 1975).Forty-four odors were used in the recognition memory test,
No NC participant scored in the anosmic or hyposmic rangewhich included all 16 List A odors and 28 distracter odors
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Table 1. Odors comprising List A, List B, and recognition distractors
of the California Odor Learning Test (COLT)

List A Fruits Spices Condiments Personal products
Coconuts Cinnamon Ranch dressing  Menthylatum
Lemons Cloves Hot sauce Baby powder
Grapes Garlic Soy sauce Nail polish remover
Bananas Oregano BBQ sauce Aftershave
List B Fruits Spices Beverages Snacks
Coconuts Chili powder  Coffee Peanuts
Apricots Dill Tea Licorice
Pineapples Horse radish ~ Sherry Peppermint
Cherries Ginger Beer Chocolate
Distractors List B Prototypical Perceptual Unrelated
Apricots Soap Perfume Rose
Coconuts Oranges Ketchup Mothballs
Chili powder  Mustard Nutmeg Varnish
Dill Pepper Almond Glue
Peanuts Worcestershire  Machine oil
Licorice Wintergreen Paint thinner
Beer Limes Bleach
Tea Onions Cigarette butts

(8 List B odors and 20 novel odors; see Table 1). The finalexample, if a participant identified “cherries,” and only
component of the COLT is a 32-odor, forced-identification “cherries,” as “strawberries” during the forced identifica-
task that includes all 16 List A and 16 List B odors ran- tion portion of the test, then “strawberries” would be con-
domly ordered and presented to participants in a standardidered a correct response on the recall portion of the test.
Responses that were neither on the target list nor were
uniquely labeled on the identification portion of the test were
considered intrusions.
Performance on the CVLT was scored using the comput-
Absolute odor detection was assessed in all participants prigrized scoring system developed by Fridlund and Delis
to assessment of odor and verbal learning and memory pet1987). Because the odors used in the COLT were matched
formance. The COLT and the CVLT were administered toone-to-one with the words on the CVLT, it was possible to
all participants on separate days. Because the CVLT wagse the CVLT scoring software to score the COLT. Natu-
given to the HD participants as part of a larger assessmetially, raw scores were used in all comparisons as the stan-
battery, it was not always possible to randomize admindard scores printed by the CVLT scoring system specific to

ized manner.

Procedures

istration of the COLT and CVLT. However, whenever pos-the CVLT.

sible, the administration of the COLT and CVLT was

randomized. The CVLT was administered in the standardRESULTS

ized manner. The procedure for the COLT followed that of
the CVLT with the exception of a 5-s stimulus presentationTable 2 depicts performance on measures of odor and ver-

and a 10-s interstimulus interval (ISI) as suggested by Murbal recall and recognition memory for the two groups.

phy et al. (1997). The forced identification component of
the COLT was completed after the recognition memory por-n
tion of the COLT. Participants were not tested if they were
experiencing an upper respiratory tract infection, blockedBecause pairettests revealed no significant difference in
nasal passage due to the common cold, or other respiratoabsolute odor threshold between nostrils for the HD or NC
groups[t(6) = —1.45,p = .20; andt(6) = .83, p = .44,
In an effort to assess the ability to recall odors relativelyrespectively], threshold was averaged between nostrils for
independently of the ability to identify odors, responses orall participants and used in all further analyses. An inde-
the COLT were considered correct if the response was eipendent samplestest revealed that the HD group had sig-
ther present on the target list or was uniquely identified durnificantly higher olfactory thresholds than the NC group,

difficulty.

bsolute Odor Detection

ing the forced identification portion of the COLT. For indicating impaired ability to detect odofs(12) = —5.39,
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Table 2. Performance on measures of odor and verbal recall and recognition memory
for Huntington’s disease (HD) and normal control (NC) participants

California Odor Learning Test California Verbal Learning Test

HD NC HD NC

Measure M (SD M (SD M (SD M (SD

ListA, Trials 1-5  12.86 (10.11)  34.71 (13.56) 33.00 (14.74) 48.29 (10.21)
Long delay savings  85.71 (37.80) 106.63 (44.27) 86.46 (15.61) 88.95 (13.69)
Discriminability 52.14 (12.01) 73.29 (6.63) 89.57 (7.83) 91.86 (7.58)

Intrusion rate* 42.85 (27.69) 29.42 17.53  10.83 (12.05) 4.22 (3.13)

*Intrusion rate is the percentage of total responses that were intrusion errors.

p < .001]. Mean average thresholds for the HD and NCof savings scores for assessing rate of forgetting has been
groups were 5.64 1.77 and 10.57 1.64. outlined by Troster et al. (1993). Briefly, savings scores al-
low for an assessment of the amount of information that is
forgotten given the amount of information originally en-
coded. A repeated measures ANOVA for savings (long de-
To examine group differences on the CVLT and COLT, fourlay free recalllist A, Trial 5 recall) revealed no significant
planned comparisons were tested using separate 2 (Hibetween subjects effecf& (1,12 = 1.39,p = .26, 7% =
NC) X 2 (CVLT, COLT) repeated measures analysis of vari-.12], main effectf F(1,12 = .41,p = 53,72 = .03], or
ance (ANOVA). Table 3 demonstrates the groups’ means anthteraction effect§F (1,12 = 1.39,p = .26,7% = .12], in-
standard deviations on all variables that were analyzed frordicating that the groups did not differ in their levels of for-
the CVLT and the COLT. Variables were examined for nor-getting on either the CVLT or the COLT.

mality of distribution and homogeneity of variance. When A repeated measures ANOVA for discriminability re-
necessary, variables were transformed using square rogealed a between subjects effect, which indicates that when
transformations to correct nonnormality (i.e., total learningdiscrimination was averaged across the two tests, the HD
on the Monday List and intrusion rate). A Bonferroni ad-
justment for four planned comparisons was established to
protect the Type 1 error rate at a .05 level.

Figure 1 illustrates the total number of items each group
correctly recalled on each of the five trials of the CVLT and
the COLT. A repeated measures analysis of variance (AN-
OVA) for total learning revealed that averaged across th
two measures, the HD patients learned significantly les
than the NC participani (1,12 = 11.62,p = .005,72 =
.49]. The analysis indicated that there was no significan
interaction between Group Test[F(1,12 = .79,p = .39,
n? = .06], but a significant main effect existed for test
[F(1,12 = 20.72,p = .001,? = .63]. Both groups learned
significantly more on the CVLT than on the COLT.

In order to determine whether the groups differed in their &
rate of forgetting on the two tasks, the groups’ savings rag
tios on the CVLT and the COLT were compared. The utility 8

Olfactory and Verbal Learning and Memory

16

and

8

Recalled on CO

2

Table 3. Results of logistic regression analyses predicting group
membership from California Odor Learning Test (COLT)
discriminability, California Verbal Learning Test (CVLT) o
discriminability, and average threshold Z ~ - - "

E T F F 3
Variables in equation  Sensitivity Specificity y 2 p &= = = = &=
COLT discriminability 85.7 85.7 11.9 <.001 Fig. 1. Huntington’s disease and normal control participants’learn-
CVLT discriminability 42.9 57.1 35>.50 ing curves across Trials 1-5 on the California Odor Learning Test
Average threshold 100 100 19.5%.0001 (COLT) and the California Verbal Learning Test (CVLTNote

Performance is expressed as mean and standard errors.
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patients performed more poorly than the NC participantparisons using multiple regression were conducted to deter-
[F(1,12 = 9.36,p = .01, »? = .43]. The GroupX Test mine what proportion of variance in COLT learning and
interaction effect was also statistically significant memory performance group membership accounted for
[F(1,12=12.25p=.004,n2=.51]. Figure 2 illustrates this above average threshold. These analyses demonstrated that
interaction. Follow-up analyses (i.e., ANCOVA (using av- average threshold accounted for 62% of the variance in
erage threshold as a covariate) for COLT discriminability COLT total learning[F(1,12 = 19.57,p < .001]. Group
and ANOVA for CVLT discriminability) indicated that the membership did not account for a significant amount of
HD patients performed significantly worse than the NC par-unique variance in COLT total learning. Group member-
ticipants on COLT discriminability, but performed simi- ship did, however, contribute significantly to the regression
larly to the NC participants on CVLT discriminability. The equation for COLT discriminabilitfR? = .19, F(1,11) =
average discriminability scores for the COLT were 52% for4.92,p < .05]. Average threshold accounted for 39% of the
HD and 73% for NOF(1,11) = 4.92,p < .05]. In com-  variance in COLT discriminabilityff (1,12)=7.88,p<.05].
parison, the average discriminability scores for the CVLT
were 90% for HD and 92% for NCF(1,12 = .31,p =
.59]. There was also a significant main effect for test
[F(1,12=108.01p < .0001,5% = .90] which indicates that A logistic regression with backwards elimination was con-
both groups performed better on the CVLT than the COLT.ducted to evaluate the predictive power of absolute odor de-
Arepeated measures ANOVA for intrusion rate found notection, the COLT, and the CVLT. Table 3 displays the results
between subjects effefF (1,12 = .08,p = .78,7% = .01]  of the logistic regressions. A logistic regression with back-
and no interaction of Group Test[F(1,12 = 1.20,p =  wards elimination using average threshold and COLT dis-
.30, 72 = .09]. A significant main effect for test was re- crimination as predictors indicated that average threshold
vealed[F (1,12 = 68.04,p < .001,7? = .85] with both  correctly classified 100% of the participantg 77HD and
groups committing significantly fewer intrusion errors on 7/7 NC: Model y (1) = 19.41,p < .0001]. When indices
the CVLT than the COLT. of discrimination from the CVLT and the COLT were com-
pared without average threshold, results indicated that COLT
discrimination alone was capable of correctly classifying
85.7% of the HD (87) and 85.7% of the NC (&) partici-
pants [Modely ?(1) = 11.9,p = .0006]. CVLT discrimina-
Correlational analyses indicated that absolute odor detedion alone was capable of correctly classifying 42.9% of the
tion (i.e., average threshold) was correlated with total learnHD (3/7) and 57.1% of the NC (&) participants [Model
ing on the COLT Monday listR? = .77,p=.001) and COLT x?(1) = .35,p = .55]. A chi-square analysis comparing the
discriminability(R? = .65,p < .02). Therefore, model com- predictive power of these models indicated that COLT dis-
criminability was a better predictor of early HD than CVLT
discriminability[ y2(1) = 7.92,p < .01].

Group Classification Analyses

Contribution of Absolute Detection to
Olfactory Learning and Memory

100
W oo - DISCUSSION
O nc The study sought to determine whether HD and NC partici-
757 . pants performed differently on an odor learning and mem-
ory test compared to a verbal learning and memory test. A
comparison of learning and memory across modalities (i.e.,
so- T olfactory and verbal) indicated that the NC and HD groups

learned fewer items across the learning trials, made a greater
rate of intrusions, and were poorer at discriminating old items
from new items on the COLT compared to the CVLT. These
25 findings are consistent with our expectations because the
COLT is likely to be a more complex learning task than the
CVLT (Murphy et al., 1997). More specifically, learning ol-
factory information (i.e., COLT items) requires the partici-

Recognition Discriminability

0- T ' pant to detect the odor, conduct a memory search for an
; = appropriate verbal label, encode the appropriate label, store
= S the label, and then actively retrieve the label. Learning ver-
@]

bal information (i.e., CVLT items), on the other hand, may
Fig. 2. Mean percent discriminability (and standard error) achieved0t require the extra steps of segrc;hmg for ?nd encodmg. an
by Huntington’s disease and normal control participants on the CaI"J‘_ddltlor‘a'I verbal label. Rather, it is more likely that indi-
ifornia Odor Learning Test (COLT) and the California Verbal Learn- vViduals directly encode, store, and retrieve the target words
ing Test (CVLT).Note *p < .05. that are presented to them.
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The increased number of intrusions committed on thephase of the COLT and the new odors that were presented
COLT compared to the CVLT may be indicative of the fact during the recognition portion of the test. It is possible that
that the groups experienced difficulties attaching the corneuropathological changes occurring in the entorhinal cor-
rect verbal label to the items. Alternatively, the increase intex (Braak & Braak, 1992) anr the striatum (Vonsattel
intrusions committed on the COLT may also be the result okt al., 1985) disrupts olfactory information projected to-
greater susceptibility to interference when stimuli are lessvards the prefrontal cortex. The orbitofrontal cortex has been
distinct. Although the odorants were suprathreshold, it is posimplicated as an important structure for olfactory discrim-
sible that individuals have more difficulty distinguishing spe- ination in animal (Eichenbaum, 1998; Tanabe et al., 1975a,
cific odors that are smelled than distinguishing specific wordsL975b) and human (Potter & Butters, 1980) studies. Neuro-
that are heard. pathological changes in the entorhinal region, orbitofrontal

Unlike learning, rate of intrusion, and discriminability, no cortex, or prefrontal—striatal circuit (Alexander et al., 1986)
significant differences were found in rate of forgetting (i.e., may disrupt the ability to compare stored olfactory data to
savings scores) on the COLT compared to the CVLT. Insteadovel, incoming olfactory stimuli. Therefore, it is possible
the analyses demonstrated that the HD group did not exhibthat HD does not disrupt the ability to encode detected
asignificantloss of information in either modality compared olfactory stimuli, but rather impairs the patient’s ability to
tothe NC group. This finding is consistent with the notion thatcompare the encoded information with newly presented
HD patients do not suffer from a primary storage probleminformation.

(Delisetal., 1991). In other words, although the HD patients The conclusions drawn from these results, however, should
encoded fewer items on the COLT than the CVLT, the itemshe viewed with caution because of limitations of the study.
that they did encode were not forgotten. Care must be takeRirst, interpreting direct comparisons across modalities or
in interpreting these negative results, however, because ttests may be problematic because potential test artifacts (e.g.,
current study may not have had sufficient power to detectlifferences in reliability between the COLT and CVLT) can
small differences between the groups. produce findings that do not reflect true group differences.

Our findings did reveal a dissociation in discriminabil- Second, the COLT requires the participant to attach a ver-
ity across modalities for the HD participants. HD patientsbal label to the odorant. Because of the verbal label, the
were significantly worse than the NC participants on theCOLT may not be a pure olfactory learning and memory
COLT discriminability index, but performed comparably test, but instead may be a memory test with both a semantic
to the NC participants on the CVLT discriminability in- and an olfactory component. It is possible that the delayed
dex. In the current study, the HD participants performed atecall portions of the COLT are particularly reliant on ver-
chance level on COLT discriminability. This finding is con- bal memory. Finally, limitations in the intensity of natural
sistent with those of previous studies that have demonedors may have resulted in certain odors being more salient
strated impaired odor discriminability (Moberg et al., 1987) for some participants than others. While we were careful to
and intact verbal discriminability (Delis et al., 1991) in include only suprathreshold stimuli, we cannot guarantee
HD patients. that the HD patients were able to perceive the stimuli as

These results suggest that the etiology of memory impairstrongly as the NC participants.
ment differs for HD patients on olfactory tests versus ver- We were also interested in determining what contribu-
bal tests. On tests of verbal learning and memory, HD patient8on odor detection made to odor learning and memory. In
have been shown to have severely impaired recall, but demaccordance with previous findings (Bylsma et al., 1997;
onstrate relatively intact performance on recognition testMoberg & Doty, 1997; Nordin et al., 1995), we found that
ing (Delis et al., 1991; Massman et al., 1990). This patterrthe HD group experienced reduced odor detection sensitiv-
of results has prompted researchers to posit that the menity compared to the NC group. Multiple regression analysis
ory impairment associated with HD is primarily due to a demonstrated that average odor threshold, but not group
retrieval deficit. In contrast, the current study demonstratesnembership, significantly accounted for variance in total
that on tests of olfactory learning and memory, HD patientdearning. These findings suggest that an individual’s perfor-
performed significantly poorer on a measure of recognitiormance on the learning and recall measures of the COLT is
discriminability than NC participants. Additionally, analy- significantly related to his or her ability to detect odors. In
ses indicate that this finding is not solely due to group dif-the current study the participants met criteria for absolute
ferences in odor detection ability. One possible explanatiometection ability in the hyposmic range, and therefore, it is
for these data is that the HD patients failed to initially en-assumed that they detected at least a portion of the odors
code the olfactory stimuli and thus, were unable to distin-presented in the COLT. Poor detection undoubtedly ac-
guish new items from previously presented items. counts for a proportion of the variance in the learning mea-

Given that the HD patients did not exhibit savings scoressures, but it does not completely define performance on the
that were significantly different from those of the NC par- COLT. With average threshold controlled, group mem-
ticipants, however, it is also possible that they encoded theership significantly accounted for variance in COLT dis-
olfactory information that they detected normally. The HD criminability suggesting that some process inherent to
patients may have an impaired ability to discriminate be-HD is contributing to the patients’ poorer discriminability
tween the odors that had been stored during the learningerformance.
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It is possible that the HD patients’ medication profiles tients on the California Verbal Learning Test: Implications for
contributed to their decreased abilities to detect odors. Schiff- the Assessment of Memory DisordeRsychological Assess-
man (1983) has indicated that some of the medications that ment 3, 19-26.
the HD patients were prescribed may negatively affect theiPoty, R.L. (1991). Olfactory dysfunction in neurodegenerative dis-
ability to smell. However, it is also possible that decreased °rders. In T.V. Getchell, R.L. Doty, L.M. Bartoshuk, & J.B.J.
ability to detect odors in HD may be an important charac- ?g;))w ISIESVSQOSrEeFL';\‘/Z?] tsrsézs'n health and disedgp. 735~
teristic of the early stages of the disease and may signal thBo ' ' '

beqinni fth loai h in the di ty, R.L., Shaman, P., & Dann, M. (1984). Development of the
eginning of the neurologic process that occurs in the dis- University of Pennsylvania Smell Identification Test: A stan-

ease. Bylsma and colleagues (Bylsma et al., 1997) have re- yardized microencapsulated test of olfactory functi®hysi-

ported that performance on an odor identification measure ojogy and Behaviqra2, 489-502

(i.e., University of Pennsylvania Smell Identification Test; Eichenbaum, H. (1998). Using olfaction to study meméuynals

Doty et al., 1984) correlated with predicted age of disease of the New York Academy of Sciend&s5, 657—669.

onset in a sample of presymptomatic HD gene-carriers. Oufolstein, M.F., Folstein, S.E., & McHugh, P.R. (1975). Mini men-

findings demonstrate that odor detection may also be useful tal statusJournal of Psychiatric Researcthi2, 189-198.
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