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Abstract

Alzheimer’s disease (AD) patients perform worse on category than letter fluency tasks, while Huntington’s disease
(HD) patients show the reverse pattern or comparable impairment on both tasks. We developed a random word
generation task to further investigate these deficits. Twenty AD and 16 HD patients and 20 elderly and 16
middle-aged controls guessed which of three pictures (hat, cat, or dog) landed on a die’s top face sixty times. Three
consecutive response pairings were possible: semantic (cat—dog), phonemic (hat—cat), and neutral (hat—dog). Since
healthy individuals avoid repeating meaningful associates (“repetition avoidance”), an increased pairing frequency
reflects processing deficits. AD patients produced more semantic and HD patients more phonemic pairings
compared to their respective control groups, indicating selective semantic and phonemic processing deficits in AD
and HD patients, respectivelydINS 2005,11, 303-310.)
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INTRODUCTION guide production from a much larger category of concep-
tual information. Correspondingly, functional imaging stud-
Verbal fluency tasks have often been employed to investites have shown that while both tasks activate frontal lobe
gate the differential cognitive impairments in Alzheimer’s regions of mainly the left hemisphere (Elfgren & Risberg,
disease (AD) and Huntington’s disease (HD) patients. Thes&998; Pujol et al., 1996), category fluency tasks also acti-
tasks generally take two forms. Category, or semantic, fluvate regions of the temporal lobes (Gourovitch et al., 2000;
ency requires participants to name as many exemplars age also Martin et al., 1994).
possible from a predefined semantic category within a given While deficient on both tasks, patients with AD generally
time period. Letter, or phonemic, fluency requires partici-evidence greater impairments on category than on letter
pants to name as many words beginning with a prespecifieluency tasks (Barr & Brandt, 1996; Butters et al., 1987;
letter as possible within a given time interval. While suc-Hodges et al., 1992; Mickanin et al., 1994; Monsch et al.,
cessful performance on both tasks requires efficient search992, 1994; Pasquier et al., 1995; Randolph et al., 1993;
strategies and retrieval processes, the former also depenB®sser & Hodges, 1994; Salmon et al., 1999). These impair-
on an intact organization of semantic knowledge whereasents are both quantitative and qualitative in nature: not
the latter demands the use of phonemic or lexical cues tonly is the total output reduced, but AD patients also gen-
erate the bulk of their responses early during the task (Rohrer
etal., 1999), and produce less subordinate exemplars (Mar-
Reprint requests to (current addresses): Kirsten I. Taylor, Memonytin & Fedio, 1983; Troster et al., 1989) compared to age and

Clinic—NPZ, University Hospital Basel, Schanzenstrasse 55, 4031 Baselaqycation-matched control groups. These findings have been
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University of Cambridge, Downing Street, CB2 3EB Cambridge, United |hterpret.ed as a primary, bOttom"uD |QSS of the attributes
Kingdom. composing the semantic store (Binetti et al., 1995; Rohrer
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etal., 1999) as well as a secondary deficiency in search aneikxperimenter. Since the response set is continuously avail-
retrieval processes (Chertkow & Bub, 1990; Salmon et al.able, retrieval and long-term memory demands are mini-
1999; Weingartner et al., 1993). Consistent with this view,mized (Wiegersma, 1984). Instead, gatternof consecutive
exemplars missing in the category fluency task tend to remaiguesses provides important information about processing
missing in following annual examinations (Salmon et al.,characteristics. For example, when healthy participants
1999), were more likely to be missed in confrontation nam-attempt to mimic a random sequence, they avoid repeating
ing tasks (Chertkow & Bub, 1990), and category fluencyidentical response alternatives (Brugger, 1997; Wiegersma,
performance declines longitudinally at a faster rate tharl982). This “repetition avoidance” is apparent not only with
letter fluency performance (Hodges et al., 1990; Salmondentical items (i.e., phonologically and semantically iden-
et al., 1999). tical), but even with unique, semantically related response
In HD patients, category and letter fluency performanceslternatives. Thus, when healthy individuals attempted to
are typically impaired to a similar degree (Butters, 1984;mimic which of three pictures would appear on consecutive
Butters et al., 1987; Hodges et al., 1990; Monsch et al.rolls of dies, they avoided consecutively pairing the most
1994; Rosser & Hodges, 1994). This pattern has been intemeaningfully related items: participants presented with a
preted to reflect a general retrieval deficit, a hypothesigabbit-carrot-reed die avoided pairing rabbit with carrot,
supported by HD patients’ uniform distribution of responseswhile participants presented with a duck-carrot-reed die
over the allotted time period (Rohrer et al., 1999). How-avoided pairing duck with reed (Brugger et al., 1995). Con-
ever, several more recent studies have suggested that Hégcutive sequences of guesses therefore contain infor-
patients may be specifically impaired in phonological infor- mation of how the response alternatives are processed.
mation processing, that is, in letter fluency. For example Specifically, any statistically significant repression in the
Rosser and Hodges (1994) reported that HD patients evjpairing of two response alternatives indicates that a partici-
denced greater deficits in letter than category fluency taskgpant recognized a salient relationship between them. On the
Moreover, HD patients’ letter, but not category, fluency other hand, when the relationship between two response
scores were correlated with disease severity (Barr & Brandtalternatives becomes less salient or is not recognized, the
1996) and declined significantly over the course of onefrequency of their pairings increases to match the behavior
year (Hodges et al., 1990). Finally, Ho and colleagues (Hmf a real die.
et al., 2002) reported that measures of phonological, but not In the present study, two response pairings were of inter-
semantic, switching on letteand category fluency tasks est: semantic (“cat”-“dog” and “dog"-"cat”) and phonemic
were longitudinally impaired in HD patients (see also Rich(“hat"-“cat” and “cat’-"hat”). We hypothesized that if AD
et al., 1999). patients have selective deficits in encoding semantic infor-
Alternative explanations are available to account for themation, the frequency of semantic pairings will be increased
greater semantic fluency impairments in AD and greateccompared to a demographically matched control group. Sim-
letter fluency deficits in HD patients. With respect to AD ilarly, if HD patients have selective deficits in processing
patients, some investigators have argued that their primanghonemic information, then the frequency of phonemic pair-
deficit is one of semantic access and not of semantic stoiings will be increased compared to a demographically
age. This view is based on findings of, for example, sparednatched control group.*
semantic priming (Auchterlonie et al., 2002; Nebes & Brady,
1990) and equivalent category and letter fluency impair-
ments (Suhr & Jones, 1998) in AD patients. With respect {METHOD
HD patients, the greater letter than category fluency impair- o
ment may reflect the greater difficulty in retrieving items Participants

from an unstructured letter category and hence greater se&g, enty-two individuals participated in this study: 20 patients
sitivity of letter fluency tasks to HD patient's generalized | ith 4 clinical diagnosis of AD (13 men and 7 women)

retrieval deficit (Hodges et al., 1990; Butters et al., 1985).,4tched pairwise to 20 elderly normal controls (ENC: 13
Alternatively, more impaired letter than category fluency

erformance may reflect a specific deficit in phonological
.p f . y . . ﬁD . T pd' . g. h *It must be noted that the semantic relationship between “cat” and
Information process.mg In patients. ) 0 Istinguis “dog” is confounded by an associative relationship, that is, “cat” is fre-
between the competing hypotheses of deficient storage ajuently given as a response to “dog” on free association normsiaad

retrieval in AD and deficient retrieval or phonological pro- versa Associative relationships, which are hypothesized to be acquired
through the repeated cooccurrence of two words in natural language, are

f:essmg _m HD, semantic and ph0n0|09|cal tasks with mm'thought to be coded at the level of word form, and not word meaning
imal retrieval demands are needed. (Moss et al., 1995). Thus, one could posit that a selective increase in

We developed a random word generation test. the “Hat=cat’—"dog” pairings reflected a semantmd,/or word form deficit. How-
' ever, whereas AD patients clearly suffer from numerous, well-documented

Ca_t—Dog" (HCD) task, _V\_/hich fulf_ills thQSG _requirements. semantic deficits, word form deficits are comparatively mild as evidenced
This task presents participants with a die with two hat, catpy, for example, normal lexical decision accuracies to real words and

and dog pictures onits opposing sides (See Figure 1)_ Blingdecreased accuracies to pseudowords (Snyder et al., 1996; see also Glosser
& Friedman, 1991). We would therefore interpret increased “cat"-“dog”

folded pqrticipants are inStru?ted toguess WhiCh item appea{%irings in AD patients to primarily reflect a semantic, and not a lexical or
on the die’s top face following each of sixty rolls by the word-form, deficit.
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men and 7 women) with respect to gender, age, and educéive control groups’ (ADvs.ENC:t = 9.74;p < .0001; HD
tion and 16 patients with a clinical diagnosis of HD (9 menvs. MNC: t = 5.46;p < .0001). Importantly, both patient
and 7 women) matched pairwise to 16 middle-aged normagiroups achieved comparable scores on the DIRS1.58;
controls (MNC; 9 men and 7 women) with respect to agep = .12) which were indicative of mostly mild stages of
and education. All participants were native English speakdementia (Monsch et al., 1995). The AD and HD groups
ers. This study was approved by the University of Califor-differed, as expected, with respect to age=(9.05;p <
nia at San Diego’s (UCSD) Institutional Review Board and.0001) and also with respect to educatibs @.45;p < .05).
written informed consent was obtained from all partici-
pants, or patients’ caregivers where appropriate, after th
procedures of the study had been fully explained to them.erhe Hat—Cat—Dog (HCD) Task
The AD patients were recruited from the University of All participants were shown a wooden die with hat, cat, and
California at San Diego’s (UCSD) Alzheimer’s Disease dog line drawings on opposing sides and asked to name the
Research Center. All had been diagnosed by two senigpictures (see Figure 1). The experimenter ensured that the
staff neurologists according to the criteria for primary de-participants labeled the pictures as “hat”, “cat”, and “dog”.
generative dementia outlined in the third edition of theThe participants were then told that the experimenter would
Diagnostic and Statistical Manual of Mental Disorders continuously roll the die and that they were required to
(DSM-III; American Psychiatric Association, 1980) and by guess which item appeared on its top face. The experi-
the National Institute of Neurological and Communicative menter stressed that the participants respond as spontane-
Disorders and Stroke and the Alzheimer’s Disease anausly and quickly as possible and required all participants
Related Disorders Association criteria for probable Alzhei-to close their eyes during all trials. All participants were
mer’s disease (McKhann et al., 1984). Extensive medicalgiven 6 practice trials followed by 60 test trials, which were
laboratory, and neuropsychological testing ruled out othetimed by the experimenter (due to an administration error,
possible causes of dementia. time data are missing for one ENC and one MNC partici-
The HD patients were participants of UCSD’s Geneti-pant). The HCD task was always administered after the
cally Handicapped Persons Program. All had been diagbRS. Repetition avoidance was assessed with the number
nosed by a senior staff neurologist on the basis of a positivef semantic, phonemic, and neutral pairings: a relative
family history, the presence of involuntary choreiform move-increasedrequency of a given response pairing indicates a
ments, and the DSM-III criteria for dementia (American lack of normal repetition avoidance and thus suggests that
Psychiatric Association, 1980). the relationship between the two response alternatives has
The healthy control participants were spouses of patientbecome less salient or was not recognized.
or volunteers obtained through advertisements. Control par-
t|p|pap.ts' with a hlgtory of alcohql or drug abu.se,. le?mngESULTS
disabilities, or serious neurological or psychiatric illness
were excluded from the study. The time required to complete the task differed between
The demographic characteristics and mean Dementia Ragroups[F (3,66 = 6.32; p < .001]; the HD group per-
ing Scale (DRS; Mattis, 1976) scores of each group ardormed the task slower than all other groups [KB AD:
listed in Table 1. The AD and HD groups did not differ from t(34) = 2.17,p < .05; HDvs.MNC: t(29) = 2.1,p < .05;
their respective control groups with respect to age or eduand, HD vs. ENC: t(33) = 4.27,p < .001] and the AD
cation (allt < 1), and no differences in gender were observedyroup tended to perform the HCD task slower than the ENC
over all groups f?(3,N=72)=3.53;p=.32]. As expected, subjects[t(37) = 1.95, p = .06]. Surprisingly, the ENC
the patient groups’ DRS scores were lower than their respegroup was faster than the MNC gro{iff32) = 3.03,p <

Table 1. Demographic characteristics of the Alzheimer’s Disease (AD), Elderly Normal
Control (ENC), Huntington’s Disease (HD), and Middle-Aged Normal Control
(MNC) groups

AD ENC HD MNC

Gender (m:f) 13:7 13:7 9:7 9:7
Age 72.7+ 8.0 73.5+ 7.7 44.3+ 10.8 46.4+ 10.6

(53-82) (57-86) (26-60) (26-62)
Education 15.3£ 2.8 15.8+ 2.5 13.3+£ 1.7 13.6+ 2.0

(9-20) (12—20) (10-16) (10-17)
DRS 119.5+ 9.2 140.2+ 2.6 125.1+ 12.1 141.8£ 1.5

(104-139) (133-144) (99-141) (139-144)
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Fig. 1. Hat—cat—dog die employed in present task.
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nemic pairings were generated less often than both seman-
tic and neutral pairingpt(15) = 3.54,p < .01 andt(15) =
2.8,p < .05, respectively], suggesting a greater repetition
avoidance (and, by inference, higher saliency) of phonem-
ically related response alternatives in this group. We per-
formed correlations between the numbers of semantic,
phonemic, and neutral pairings and available neuropsycho-
logical measures [DRS total score, DRS subscale scores,
and total number of words on letter (F, A, S; Newcombe,
1969) and semantic (animals, fruits, vegetables) fluency
tasks] separately for the AD and HD patients. The results of
these analyses were not significant.

The central hypotheses of the study, namely that AD
patients suffer from a selective deficit in semantic and HD
patients in phonemic processing, were next tested. The dif-
ference in demographic characteristics between the two
patient groups prohibited a direct comparison of their per-
formances. We thus transformed the number of semantic,
phonemic, and neutral pairings for both patient groups into
standard scoresz{scores); thus, the following statistics
reflect patients’ performances in terms of their respective
control groups. A group (ADvs.HD) by response pairing

.01]. Despite the differences in time, all groups named thg€semanticvs. phonemic) analysis of variance revealed nei-

three items a comparable number of times @@l 1).

ther a main effect of groupH(1,34)= .75; p = .39] nor

Within-participant comparisons revealed that the AD, HD,response pairingq(1,34)= .40,p = .53], but a significant
and ENC groups generated semantic (“cat—dog” and “dog+nteraction F(1,34) = 4.30,p < .05]. Post-hocanalyses
cat”), phonemic (“hat—cat” and “cat—hat”), and neutral (“hat—with two-tailed sign tests (hypothesized value9) con-
dog” and “dog—hat”) pairings with a comparable frequencyfirmed the dissociation: whereas AD patients produced sig-
(all F < 1). Only the MNC group did not produce these nificantly more semanticg < .05), but not phonemicg=

pairings equally frequentlyF(2) = 9.27;p < .001]; pho-

.50) pairings than expected, the HD patients produced more

Table 2. Hat—cat—dog task indices for the Alzheimer’s Disease (AD), Elderly Normal Control (ENC), Huntington’s
Disease (HD), and Middle-Aged Normal Control (MNC) groups

ENC HD MNC
(n=20) (n=16) (n=16)
Time (s) 125.2+ 69.6 92.2+ 25.3* 181.9+ 87.6 128.9+ 44.6**
(57-370) (63-157) (89-371) (57-232)
Number of items named
“hat” 19.2+ 2.7 18.8+ 2.0 19.8+ 3.5 18.7+ 1.7
(15-22) (14-26) (15-22)
“cat” 19.8+ 1.9 19.4+ 2.0 18.9+ 2.7 19.5+ 2.3
(15-24) (12-23) (14-23)
“dog” 21.0+ 2.9 218+ 1.6 213+ 24 21.8+1.5
(18-24) (18-26) (18-24)
Number of pairings
Semantic (i.e., CAT-DOG or DOG-CAT) 1834.9 16.4+ 3.0 16.3= 5.0 17.6+ 3.4
(8-32) (10-21) (4-25) (13-27)
Phonemic (i.e., CAT-HAT or HAT—CAT) 15.3 4.9 14.6+ 3.9 15.4+ 3.9 13.0+ 3.2
(2-21) (5-23) (9-22) (8-19)
Neutral (i.e., HAT-DOG or DOG-HAT) 16. 4.1 16.2+ 3.2 16.7+ 4.3 16.3+ 2.7
(8—-23) (10-22) (7-24) (10-22)

*n=19.
**n=15.
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phonemic f < .05), but not semantigy> .99) pairings than It should be noted, however, that the observed effect sizes
expected (see Figure 2). Standard scores for the neutral paivere comparatively small and that the differences in the
ings did not differ from zero in both patient groups, indicat- patterns of performance exhibited by AD and HD patients
ing that both AD and HD patients produced as many neutralvere not clearly evident when the raw scores were ana-
pairings as their respective control groups [one samipkds:  lyzed. Given this limitation and the relatively small sam-
AD patientsit(19) = .54,p = .59; HD patientst(15) = .35, ple sizes, a replication of the present findings would be
p = .73]. Unpairedt tests comparing the raw numbers of important.

semantic, phonemic, and neutral pairings forthe AD and ENC, Despite this limitation, the present finding in AD patients
or for the HD and MNC groups, were not significant. is consistent with a primary deficit in their semantic store
and notin the retrieval of semantic information. Moreover, it
corresponds to other specifically semantic deficits in AD
DISCUSSION patients (Chertkow & Bub, 1990) such as semantic errors com-
All groups named each of the three items an equal numbenitted on confrontation naming tasks (Hodges et al., 1991,
of times in the present random word generation task. ThidMartin & Fedio, 1983), the abnormal clustering of semantic
finding indicates that all three lexical items were continu-concepts (Chan etal., 1993), and deficits in priming of seman-
ously available during the task and thus that retrievaltic decisions (Lazzara et al., 2001) and word associations
demands were minimized. However, AD patients generate@Brandtetal., 1988). The present finding may also be related
more semantic pairings and HD patients more phonemito AD patients’ performances on a randowmbergenera-
pairings compared to their demographically matched contion task, where adjacent number pairs (e.g., “2—-3", “5—6")
trol groups. Although it is a theoretical possibility that a can be conceived of as more closely semantically related than
lexical (word form) deficit could account for the relatively more distant number pairs (e.g., “1-5"; see the network model
greater number of “cat’—"dog” pairings in AD patients (see of random number generation by Jahanshahi et al., 1998).
footnote *), the scarcity of such impairments in AD strongly Indeed, when asked to randomly generate numbers from a
suggests that the impaired repetition avoidance reflects die, AD patients produced more pairings of numbers in their
selective deficit in semantic information processing. Thushatural order compared to demographically matched control
we interpret these findings as a dissociation in semantic angarticipants (Brugger etal., 1996). Conversely, in the present
phonemic processing deficits in AD and HD patients,experiment, AD patients performed normally with the pho-
respectively. nological pairs, afinding consistent with their ability to profit

[7] semantic pairings
] phonemic pairings
1.2 [] neutral pairings

1.0 7
0.8 1
0.6 7
0.4 1

0.2 17

-0.0

Z-score

-0.2 1

-0.4 1
-0.6 1
-0.8 7
-1.0 1

12 .

D%tlrg (n=16)
= . n=

' Patient Group

Fig. 2. Standard scorez{scores relative to respective control group) with standard errors of semantic, phonemic, and

neutral response pairings of the AD and HD groups on the HCD task. The asterisks indicate signfiean®g)
two-tailed sign tests of the respectizscore with a hypothesized value of 0.
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from phonemic cuing on confrontation naming tasks (Nebes, The present findings suggest that previous reports of
1989) and common lack of phonological deficits (Kempler,poorer category and lexical fluency performances in AD
1991; Kempler et al., 1987). and HD patients, respectively, may reflect their respective
The abnormal repetition avoidance for phonemic pairgprimary deficits in semantic and phonological information
suggests that a phonological processing deficit could accoumptrocessing, and not retrieval deficits. The dissociation
for the findings of poorer lexical than category fluency per-between AD and HD patients’ performances may be most
formance in HD patients. As retrieval processes were minparsimoniously accounted for by primary deficits in long-
imized in the current task, the common denominator in HDterm memory, thought to rely on semantic codes, and a
may be a dysfunctional phonological loop responsible forprimary deficit in short-term memory, thought to rely on
the temporary storage of speech-related material (Baddgxhonological codes (Schulman, 1971). It would be of inter-
ley, 2003). Indeed, in a dual-task interference paradigm, aest in the future to investigate whether this dissociation in
articulatory suppression task thought to disrupt operationsemantic and phonological processing deficits generalizes
within the phonological loop letter fluency performance, to patients with other forms of cortical dementia, in par-
was disrupted to a significantly greater degree than semarticular semantic dementia, and to other patients with
ticfluency performance, indicating that letter fluency dependsubcortical-frontal pathology, respectively.
on the phonological loop significantly more than category
fluency (Rende et al., 2002). Moreover, processing within
the phonological loop is thought to rely in part on frontal ACKNOWLEDGMENTS
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