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Verbal fluency in preclinical AD

Abstract

Reduced semantic fluency performances have beeorteepin the preclinical phase of
Alzheimer’s disease (AD). To investigate the cageiprocesses underlying this early deficit,
this study analyzed the verbal production of prexeleted subjects for the animals category
with the qualitative parameters related to clustgrii.e. the ability to generate words
belonging to semantic subcategories of animals)savitthing (i.e. the ability to shift from
one subcategory to another) proposed by Troyer.

This qualitative analysis was applied to the PAQUtbhort, a 17-year longitudinal
population-based study. The performances on thmalnierbal fluency task of 51 incident
cases of possible and probable AD were analyzdeabnset of dementia, 2 years and 5
years before dementia onset. Each case was mdtaha&ge, sex and education to two control
subjects leading to a sample of 153 subjects. Thanntluster size and the raw number of
switches were compared in the two samples. Theltsesewvealed a significantly lower
switching index in the future AD subjects thanhe elderly controls including 5 years before
dementia incidence. A significant decline in thigrgmeter was evidenced all along the
prodromal phase until the clinical diagnosis of éatra. In contrast, the mean cluster size
could not discriminate the two groups. Therefore tlsults support the hypothesis that
impaired shifting abilities -rather than semantiemory storage degradation- could explain

the early decline in semantic fluency performanceuaing in the predementia phase of AD.

Keywords category verbal fluency, switching, clusteringgginical, Alzheimer’'s Disease
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Verbal fluency in preclinical AD

Introduction

Verbal fluency tests are frequently used in bothichl examinations and research studies on
neurological disorders, including focal lesionsumelegenerative disorders or psychiatric
disorders. Semantic fluency tasks, such as catdlymmycy (e.g. animals or fruits) require the
subject to generate exemplars of a given semaategory within a limited time or items
which can be bought in a supermarket for the “supeket task” whereas letter fluency tasks
require generation of words beginning by a givetetde.g. FAS). Alzheimer’s disease (AD),
often considered as the prototype of cortical ddarmgmmpairs both letter and category
fluency tasks but semantic fluency would be altdred greater extent, as suggested by the
meta-analysis by Henry et al. (2004). The use ofastic fluency proves to be of particular
interest not only in the dementia phase but aldberpreclinical phase of AD as suggested by
a recent prospective population-based study (Amietval., 2005). Indeed, the PAQUID
study, a French longitudinal population-based stirlestigated the prodromal period of
dementia of the Alzheimer type over a 9-year folaw Neuropsychological measures
including the Isaacs Set Test (IST) (Isaacs andhkkeri973) consisting in evaluating verbal
fluency in four semantic categories (animals, futdolors and cities) were assessed in 215
future AD patients and 1050 normal subjects. Thmulte have shown that compared to
elderly controls, the IST performance in the pdasemas already lower 9 years before the
clinical diagnosis of AD and declined regularly along the prodromal phase until the
incidence of dementia syndrome.

In semantic verbal fluency tasks, multiple cogmtpmocesses are at work. First of all,
semantic fluency requires the integrity of semamtiemory including both undamaged
memory storage and preserved access to these semstanés. When several items within a

subcategory of the semantic network are activateehtal flexibility is also important to
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Verbal fluency in preclinical AD

allow the subject to disengage this particular atdgory and reengage a different one in
order to shift between semantic subcategories anérgte efficient strategies (Troyer et al.,
1997). Besides semantic memory and shifting addjtthe ability to efficiently generate as
many words as possible within a limited spell ahdi also involves various executive
processes. In particular updating and inhibitorgcesses of working memory are involved to
avoid the recurrence of a response previously medluor to suppress intrusions
automatically activated (Auriacombe et al., 200Bhnally, a general speed of processing
component is involved due to the time constraitghe task (Abwender et al., 2001; Mayr,
2002).

Therefore the multidetermined nature of semantierfty makes it difficult to identify
which cognitive process is responsible for theyeddcline in IST performance in AD. A
gualitative analysis of subjects’ production may belpful to identify the underlying
cognitive dysfunction. A first analysis from thenfptudinal Paquid study considered the
occurrence of repetitions and intrusions as paeéntidicators of cognitive dysfunction
(Auriacombe et al., 2006). Five years before timadl diagnosis of AD, the IST score in the
predemented subjects was lower than that of coatrojects. However when considering the
rate of repetitions and intrusions, the resultsasftbthat repetitions were not more frequent in
the subjects who would develop dementia 5 yeaes than in normal controls. Concerning
intrusions, the rates remained very low and wertediféerent between the predemented and
the control groups. The authors concluded thatcdefin inhibitory mechanisms regulating
working memory could not be considered as the rfastor responsible for the early verbal
fluency decline, leaving room for further hypothessuch as disorganized retrieval from
semantic memory or degraded semantic storage.

Indeed, previous numerous studies have examinedid¢igeece to which the words

generated during a verbal fluency task are assmtiat gathered in clusters (Raskin et al.,
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Verbal fluency in preclinical AD

1992; Robert et al., 1996). The two-component maddluency performance proposed by
Troyer et al. (1997) has gained considerable popyla the last decade. According to this
model, the optimal performance on fluency taskesebn two main processes: 1- clustering,
a semantic process underlying the production ofdaowithin semantic or phonemic
subcategories; 2- switching, an executive proceskenlying the strategic search, cognitive
flexibility and shifting between subcategories. Aating to these authors, clustering would
be supported by relatively automatic cognitive psses, while switching may rely on more
effortful executive processes. Methods for measgucdinstering and switching (Troyer et al.,
1997) have been proposed and showed with corre&tenalyses that both cluster size and
switching variables highly contribute to performana semantic fluency, while phonemic
fluency is more switching-dependant (see also Radial., 1998).

On the basis of Troyer's scoring system -clustee sand number of switches-,
numerous researches have been conducted to evigmiteatial dissociations between
switching and clustering abilities in a large vayrief pathological conditions. Focal frontal
lesions for instance seem to impair switching iroqpdmic fluency while focal temporal
lesions would impair clustering in semantic fluen@yoyer et al., 1998a). In psychiatric
populations, like depressive patients, deficitssemantic fluency have been related to a
reduced number of switches (Fossati et al., 20Di3. clustering/switching dimensions have
also been used to characterize different subcodiadromes. In HIV-associated dementia,
switching in phonemic verbal fluency would be saledy affected (Woods et al., 2004).
Dementia with Parkinson’s disease impairs both phto and semantic switches but not
semantic cluster size (Troyer et al.,, 1998b). Imtthgton’s disease, phonemic switching
deficits increasing all along the course of theedse have been reported with a cluster size
remaining stable (Rich et al., 1999; Ho et al., 20(However, other authors found that

patients with multiple sclerosis presented highkrster size scores than patients with
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Verbal fluency in preclinical AD

Huntington’s disease and Parkinson’s disease déean@mbster et al., 1998).

Some studies have also been conducted to detemiether differences in clustering
and switching parameters could be evidenced betwd2rand other types of dementia.
Discrepant results have been reported. Troyer.t.898b) found that semantic cluster size
was reduced in AD but not in Parkinson dementialeviiroster et al. (1998) showed that
cluster size and switches were reduced in both AD Rarkinson dementia. On the other
hand, Epker et al. (1999) reported no differencesamantic cluster size between elderly
controls, AD patients, Parkinson’s disease patiesits or without dementia. Previous studies
comparing AD patients and normal elderly on thelitatave variables of animal category
fluency have led to different patterns of resul&rch and Pattison (2006) reported deficits
limited to cluster size while Epker et al. (199®ported a lower number of switches.
However, the majority of studies (Beatty et al.997; Troyer et al., 1998b; Troster et al.,
1998) found that both cluster size and switcheseweduced in AD patients. Methodological
and sampling differences across these studies méaygblighted and could partly explain the
discrepancy of results.

The results in favour of an earlier switching impaent in the course of AD would be
consistent with the results reported by Perry et(2000). These authors examined the
occurrence of deficits in attention and other ctigaidomains such as episodic memory,
semantic memory and visuo-spatial function in tbarse of AD. The results showed that
problems with response inhibition and attentionatehing occur in the very early stages of
the disease and that they were more prevalent sbarantic memory deficits. The authors
concluded that attention deficits may occur atieadtage than semantic memory deficits and
that the two are partially independent. In additiamecent study on healthy adults presenting
a genetic risk factor for AD by carrying the apolgotein Ec4 allele (APOEeg4) has been

conducted by Rosen et al. (2005). Using a ten-rairagtegory fluency task, this study
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reported, not only a reduced verbal production RRQ&E4 carriers compared to the non
APOEe4 carriers, but also longer between-cluster redtiévnes, i.e. a larger time to access
clusters. Moreover, the between—cluster retriewag twas significantly correlated to the Trail
Making Test (Form B-Form A), a measure classicatinsidered as an index of switching
ability. The authors concluded that reduced atbesadi capacity in the APGHE carriers may
have raised difficulties in shifting attention angosubcategories during the semantic fluency
task.

The purpose of the present study was to explainpiwgicularly early reduction
observed in semantic verbal fluency in the prodiophase of AD by considering switching
and clustering processes. With the longitudinalof@lup of the Paquid study, it has been
possible to measure switching and clustering psEs# the animal category of the IST in
future AD subjects who would develop dementia Srydater, 2 years later as well as at the
clinical onset of dementia syndrome. We hypothesibat switching processes deteriorate
earlier than clustering processes in the coursthefdisease. The deterioration of switching
processes would explain the early decline in seimavdrbal fluency observed in the
predementia stages of the disease while both swgchnd clustering deficits would be

present when reaching the stage of dementia.

Methods

Paquid study.

The detailed methodology of the Paquid study has lpeesented previously (Dartigues et al.,
1992). Briefly, Paquid is a longitudinal populatibased study conducted on 3777 elderly
adults living at home in the South-western partFodnce. Subjects were interviewed at

baseline (TO), then every two or three years (T8, T8, T10, T13, T15, T17), by means of
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demographic questionnaires, psychometric testshaalth scales, administered at home by a
psychologist. After suspicion of dementia by thggb®logist, a neurologist confirmed the
dementia syndrome and established an etiologicagndisis using DSMIII-R criteria
(American Psychiatric Association, 1987). The dwgjs of possible or probable AD was
made according to NINCDS-ADRDA (National Institite Communicative Disorders and
Stroke-Alzheimer’'s Disease and related Disordeso@ation) criteria (McKhann et al.,
1984). All participants have given informed consenthe study, which was approved by the

local Ethics Committee.

Subjects.

Patients: Incident cases of possible and probablediagnosed at T10 or T15 were selected.
To be included in the study sample, the patientstbdave completed the animal category of
the IST at the visit of dementia diagnosis (caledeinafter visit D) and at the two preceding
visits (2 years before diagnosis called visit Dr#l & years before diagnosis called visit D-5)
which is T5, T8 for incident cases diagnosed at Bb@ T10, T13 for incident cases
diagnosed at T15. Among the 84 incident cases desghat T10, 36 patients had completed
the IST at T5, T8 and T10. For the 53 incident saBagnosed at T15, only 15 had completed
the task at T10, T13 and T15.

Controls: Control elderly subjects were selectedm@gthe subjects of the Paquid cohort seen
at the same follow-up visit as the patients. Eaéh dase was closely matched for age (£ 5
years), sex and education (3 classes: no diplonraapy degree, secondary degree and plus)
to 2 non-demented control subjects. The elderlytrotsimatched with the incident AD cases
diagnosed at T10 had to be free of dementia ataritDhad to have completed the animal
verbal fluency at T5, T8 and T10. The elderly colstrmatched with the incident AD cases

diagnosed at T15 had to be free of dementia atartbhad to have completed the animal
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verbal fluency at T10, T13 and T15. Non-dementebjesiis with Parkinson disease or
depressive symptomatology documented by a sedré for men ané& 23 for women on the
Center for Epidemiologic Studies Depression Scd&ed(off, 1977) were excluded. In
addition, to be included control subjects had &isbe free of dementia or Parkinson disease
at the next follow-up (i.e. T13 or T17) to avoicetinclusion of subjects in the a prodromal
phase of dementia. Following this procedure, 72robsubjects were selected among the 561
normal subjects eligible at T10 and 30 control soty were selected among the 412 normal
subjects eligible at T15. The analyses were comrduoh a total sample of 153 subjects: 51
incident cases of AD and 102 non-demented contubjests matched for age, sex, and

educational level.

Qualitative analysis of the animal verbal fluency.
The IST (Isaacs and Kennie, 1973) is a semanticaydluency test requiring the subject to
produce as many words as possible belonging tarears#&c category in one minute. Four
categories are successively used: colours, anirimalss and cities. In the present study, we
selected the animal category to estimate clustamyswitching parameters according to the
gualitative analysis procedure proposed by Troyerale (1997). Clusters consisted of
successively generated words belonging to a sabwatgory as specified below. Clustering
was assessed according to the 3 general crit@@dogical categories, living environment and
human use, based on the listing of subcategoridseaamples proposed by Troyer (1997).
Some subcategories were added to this list duprétsence of species frequently encountered
in the South-western part of France (e.g. fossaa@mals, noxious animals or hunted
animals).

Furthermore, the two following scoring rules defingy Troyer were strictly applied:

() in the case where two categories overlappeth 8ome items belonging to both categories,
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some items belonging exclusively to the first catggand some items belonging exclusively
to the second category, the overlapping items wssegned to both categories; (ii) in the case
where smaller clusters were embedded within laogers or two categories overlapped, but
all items could correctly be assigned to a singleegory, only the larger, common category
was considered. Considering the cluster size, elated words constitute a cluster size of 1,
three related words constitute a cluster size ah@ so forth. A single word constitutes a
cluster size of 0. The repetitions were excludedhe calculation of cluster size.

For each assessment, 3 scores were calculatedlimglthe total number of correct
words generated, the mean cluster size and the emupnfbswitches. The total number of
words corresponded tdhe sum of all correct words produced, excludingjusions and
repetitions. A word corresponding to a superordéinaibcategory (e.g. bird) was excluded
from the total number of correct words if exemplaesonging to this subcategory were given.
The mean cluster size for a subjects’ productios walculated as follows: sum of clusters
size divided by the number of clusters. The nundieswitches was calculated as the total
number of transitions between clusters, includingls words.

The scoring rules defined above slightly differednf those of Troyer considering
intrusions and repetitions, which were not includedhe scores for the present study. The

ability to explore different new semantic fieldsssMfacused in this analysis.

Statistical analyses.

The inter-rater reliability was assessed by conmgarthe scoring performed by two
independent raters who were blind of informatiomaaning the clinical status of the
subjects. The degree of concordance between theat®cs for the variables is estimated by
the R intraclass correlation coefficient. This ¢meEnt was calculated separately for the mean

cluster size and the raw number of switches, owth@le sample and pooling the data of the

10
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3 visits (D-5, D-2 and D). For the mean clusteresend the number of switches, R
coefficients were respectively 0.9360 and 0.994% Goncordance is estimated as very good
if R >.91 and good if .91 > R > .71 (Fermanian, 498

Cases and controls were first compared on demograniables using Student t-
tests. We computed means and standard deviaticarsrafl verbal fluency performances and
the differences between future AD subjects androbrstubjects were tested by a logistic

regression model adjusted for age, gender and g#dnc&urthermore we used Hedg§sto

measure the strength of the relationship betwesescand controls. To study the evolution of
each indicator which are quantitative variableBnear regression model was performed. As
several measures were collected across time foh eabject, the measures are not
independent. To deal with this intrasubject cotreta a random effects linear model was
used. In this analysis, the parameter of intereshé slope of the measure evolution. This
intrasubject correlation was modeled by two indelesh subject specific random effects: a
random intercept and a random slope. Statisticallyaas were performed with SAS statistical

package release 8.2 (SAS Institute Inc., Cary, NIEA).

Results

Characteristics of the samples studied.

The characteristics of the sample are presentéble 1. The mean age of the subjects at the
baseline (TO) of the study was respectively 75.4ary (SD=5.36) for the case group and
73.90 years (SD=4.34) for the control group. Thieiket AD patients group and the control
group were comparable, for gender and educatiogl kv shown in table 1. The AD cases
tended to be older than controls even if the diffiee was not statistically significant (p =

0.06). The MMSE score (Folstein et al., 1975) of thture AD subjects was significantly

11
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lower 5 years before dementia incidence than thebwtrols.

Insert table 1 about here

Animal verbal fluency performances at D-5, D-2 &nd
The quantitative and qualitative parameters ofahienal verbal fluency are shown in table 2.
First of all, the logistic regression model indadtthat the total number of words generated
was already lower in the future AD patients tharcamtrols 5 years before dementia onset.
Neither repetitions, nor intrusion rates differedviieen the two samples.

Regarding the mean cluster size scores, the logisgiression analysis revealed no
significant differences between the two groupsrat tame of the follow-up. In contrast, the
future AD patients presented lower switching scdhas elderly controls at all the visits: 5

and 2 years before dementia onset and at demergé. o

Insert table 2 about here

Evolution of the qualitative measures in the futdi2 subjects.

In the future AD patients group, the evolution lo¢ tmean number of words, the mean cluster
size and the mean number of switches were analyzied a random effects linear regression
model (figure 1). The slope of the total numbemairds significantly decreased over time
(p<0.001). The evolution of the cluster size oweretwas not significant (p = 0.09) but the

switching score showed a significant decrease letvite5 and D (p=0.002).

Insert figure 1 about here

12
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Semantic subcategories explored by the future Aipests at D-5 and D.

Finally, we qualitatively examined the semantiddgeexplored by the future AD subjects in
the preclinical and clinical phases. Figure 2 dbssr the rate of occurrence of each
subcategory at the D-5 visit and the dementia eme visit. As may be seen, for the “living
environment field” criterion, the most frequentlgrgerated categories weggm animalsand
Africa animals For the “zoological” criterion, the subcategofybirds was the most frequent
while for the “human use” criteriopetsandhunted animalsvere the most frequent. All the
semantic subcategories explored at the D-5 hawelmen explored at the D visit but to a
lesser degree. Only 3 subcategories seemed to flerext at the dementia incidence as

frequently as at D-Farm animals petsandhunted animals

Insert figure 2 about here

Discussion

Our results first confirm the impairment of categdtuency task performance in the
prodromal phase of AD. A previous analysis from Bagjuid study (Auriacombe et al., 2006)
showed that repetitions and intrusions rates wetdalifferent between future AD and control
subjects and thus could not explain the early dadit the animal verbal fluency. The present
gualitative analysis of the verbal fluency prodantprovides a possible explanation for this
decline. This study is the first to measure clusterand switching parameters of verbal
fluency in the preclinical phase of AD with a longlinal design. Our analysis evidenced
significant qualitative differences between theufat AD patients and the control subjects,
including 5 years before the dementia onset. Twanmesults came out of this analysis.

Firstly, we have shown a switching score lowerha future AD subjects than in controls 5

13
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years before dementia onset. The effect size indulated to estimate the importance of the
difference evidenced between the groups corrob®rdis result. Secondly, a significant
decline in this parameter all along the prodrontaege until the clinical dementia diagnosis
was observed. Indeed, the random effects linearessgpn model showed a significant
decrease over time for the switching measure dnlgddition, the evolution of the effect size
also supports this conclusion: the effect sizedeslirelated to the differences in the number of
switches increase notably from the D-5 visit ual@mentia onset whereas the effect size
indices for the cluster size remain very weak actbe successive time points. Therefore, the
most likely explanation for the decline in categueybal fluency performance observed in the
predementia phase would be an executive defi¢cierdahan a semantic deficit. This switching
deficit increases in a progressive manner untildéentia diagnosis. In contrast, the results
suggest that once a specific subcategory has lntieatad, the future AD patients seem to be
able to generate exemplars belonging to this seboay as efficiently as do the control
subjects. Moreover, the descriptive analysis of dBmantic subcategories generated by the
AD subjects suggests a possible reduction of timeaséc fields explored in the dementia
phase compared with the predementia phase, with @rimited number of subcategories
being still activated. The progressive increasswitching deficits all along the course of the
disease could explain this qualitative change ie temantic fields explored. The
subcategories the least frequently activated byiremwmental conditions seem to be less
explored by the AD subjects, while subcategori&e fipets,” “farm animals” or “hunted
animals”, more naturally reinforced by environmar# still well accessed by the patients.
Such dissociation between clustering and switchiegsures has already been shown
in patients with Huntington’s disease followed-wwridg a 5-year period who exhibited an
isolated switching deficit in phonemic fluency (Riet al., 1999; Ho et al., 2002). In AD, the

results previously reported have been somewhansistent. Some studies concluded for the

14
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existence of both clustering and switching defi¢Beatty et al., 1997; Troyer et al., 1998b;
Troster et al., 1998). Nonetheless, a single compbdeficit has also been reported, with a
study evidencing a switching deficit (Epker et d999) and another study showing a
clustering deficit (March and Pattison, 2006) innaa fluency but which was not replicated
in the supermarket fluency task. The differencelementia severity of the patients included
in these studies has been proposed to explaintsetistrepancy (March and Pattison, 2006).
In our study, the subjects diagnosed with demeattithe D-visit were in the mild phase of
dementia (mean MMSE: 20.8) and thus were less sepatients than those included in
Beatty's study (Beatty et al., 1997) who preserdedbuble deficit. Troyer and Moscovitch
(2006) suggested that the dissociation betweer tbemponents, clustering and switching,
could occur only during the early stages of AD, wineuropathological changes in the brain
are limited. However, according to these authdrs, dlustering process would be the first
altered in the course of AD and secondarily, switghprocess would be affected in more
advanced phases of the disease. Demographic \egiabld sampling differences could also
partly explain the discrepant results of the litera. The present study has the advantage to
show results on a large sample (153 subjects) @alytto previous studies which have been
conducted in smaller samples (n<80). Concerningaagkeducation, due to its population-
based design, older and lower educated subjectsmame represented in our study.
Nevertheless, the total word production at the dermencidence found in the present study
seems to be in the range of that reported in theratudies.

In order to approach the predementia period, Murghgl. (2006) compared verbal
fluency patterns in AD patients, amnestic mild doge impairment (aMCI) subjects and
normal controls. Regarding the clustering meastive,results showed that aMCI subjects
exhibited intermediary performances between AD eodtrol subjects while the switching

measure was not different between the aMCI grouptha control group. Thus, the authors

15
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concluded for a degradation of semantic networkghim preclinical phase of AD. It is
important to highlight a marked difference betweabrs research and the current work.
Murphy et al.’s study (2006) is based on the resalitained on a small sample of MCI
subjects (n=33) among which 19 were selected fremvspaper advertisements. Although
these subjects were described as presenting meocoonplaints and slight deficits in an
episodic memory task, the evolution towards dernaenitisuch subjects is quite uncertain and
one can wonder whether these subjects can be meaibidered as predemented subjects. The
longitudinal design of this study allowed to captgenuine premorbid patients and not only
subjects presenting a potential risk of developilggnentia in the subsequent years. This
important methodological difference in the samplorgcedure leads us to contrasting results
which support the hypothesis of executive procegspairment in the early course of AD,
with relatively preserved semantic processes. iIs way, the present work provides new
elements in the study of the predementia phaseDof A

Nonetheless, some advantages but also limitati@rs e highlighted regarding
Troyer’'s two-component model used in the presamdystand its scoring system. The good
interrater reliability is one of the psychometrioperties of the model (r= .93 and .99 in our
study). The scoring rules provided are clear ardtively easy to apply. Even so, large
semantic categories and subcategories defined byefrfailed to capture all the word
associations which occurred in the animal fluengtpot. Most of the authors who have used
this method have added some amendments regardengluktering scoring. For example,
Gierski and Ergis (2004) added a modification te Hubcategories listing: the “associated
words in the French language” criterion (e.g. cfow/ associated in the Fables of La
Fontaine). Abwender et al. (2001) addegh@nemic clustering criterion in semantic fluency
and a semantic clustering criterion in phonemierilcy. Furthermore, he distinguishes task-

consistent clustering (e.g. semantic clustering semantic fluency) and task-discrepant
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clustering (e.g. phonemic clustering on semantierity). He argues that task-discrepant
clustering, even if less frequent, reflects a mdediberate strategy utilization than task-
consistent clustering, particularly on semanti@flay, where passive automatic wide spread
activation underlies word access.

Concerning the scoring measures, some limitatiamsbe observed from our data in
particular with the parameter related to “clust&ze’s Indeed, data distribution shows
important variability of this measure due to thewecence for some subjects of patterns of
performance consisting in large single clusterdqiwid switch. This type of variability could
have reduced statistical effects and consequestlyld have masked a real clustering deficit.
However this variability was found in the two greupf subjects.

Other alternative scoring methods have been prapdse avoid the problem due to
the relationship between the absolute number ofckes and the total number of generated
words, Troster et al. (1998) proposed to use raties number of switches adjusted on the
total word production. However both Troster et(2B98) and Troyer and Moscovitch (2006)
concluded that this scoring method produced no mgéar information. Abwender et al.
(2001) suggested a modified scoring system byrdjatshing two types of switching: the
“real switches” (switches between multi-word clusjeand the “hard switches” (switches
between isolated words). According to these autboig “real switches” underlie strategic
executive processes while “hard switches” woultheatbe a measure of general processing
speed. For Mayr (2002), the switching measure isesghat ambiguous. A general decline in
processing speed would entail a slower retrievalvofds either within or between clusters
resulting in a reduced switching score, which canbe distinguished from a specific
switching deficit. Thus he suggested to consideetmeasures and to compare the retrieval
times for the words generated within cluster whke tetrieval times between clusters. This

measure was examined in AP€JEcarrier subjects compared to non AR®Earriers by
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Rosen et al. (2005) who found that only time toeascclusters was longer in the ARQE
carriers. This between-cluster time retrieval wasrelated with a switch index measure
leading the authors to conclude for a switchingaitesh APOEe4 carriers.

The last but maybe the more important limitation tbé two-component model
proposed by Troyer has been theorised by Mayr (R@@d® underlines that each act of
retrieval is the result of both executive and samaprocesses. Indeed, according to this
author, executive processes are involved in eacl vetrieval, including within intra-cluster
words. This interesting conception introduces thebjlgm of measure purity of the two
parameters supposed to independently measure axeantl semantic processes.

However, it is generally considered that semantiocgsses (e.g. wide spread
activation in the semantic network) are rather dwnt in the clustering phase while
executive processes are rather dominant in theclsiwg phase. Relationships between
switches and standard executive measures may suip®rconceptual view. A study on
depressed patients (Fossati et al., 2003) demeedstthat the reduction in the number of
switches in semantic fluency was significantly etated with a reduced ability to shift mental
set on the modified version of the Wisconsin CavdiSg Test.

Thus despite the limitations described above, thmesgnt work suggests the
impairment of executive processes of verbal fluemcyhe preclinical phase of AD which
gradually decline until the clinical diagnosis ofDA The hypothesis of an executive
impairment in the preclinical phase of AD is cotend with other studies. Reviews and meta-
analyses (Backman et al., 2004; Backman et al.52060both longitudinal population-based
samples and studies on subjects with MCI have ecietdthat together with episodic memory
deficits, changes in executive functioning and ppteal speed were present in the very early
phases. In the same vein, the PAQUID cohort (Ameval., 2005) has shown that multiple

cognitive functions are affected in the premorbichge of the AD among which executive
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functions deficits. Furthermore, a recent crossigeal study on a small group of MCI
patients (Gualtieri and Johnson, 2005) demonstritadtests of memory, processing speed
and cognitive flexibility were the most importanscriminators between normal controls and
MCI patients.

In summary, this study has confirmed the early idecin semantic verbal fluency
performances in premorbid subjects, 5 years bdf@elinical diagnosis of AD. The absence
of differences in repetitions and intrusions rat@s confirmed that inhibitory or up-dating
processes regulating working-memory do not sigaiftty contribute to this early decline.
However, the qualitative analysis based on clusieand switching measures of verbal
fluency supports the hypothesis of an early andyq@ssive decline in switching processes.
This impairment could explain the diminished sentafitency performances of future AD
patients long before the clinical diagnosis of ARwitching processes in the verbal fluency
paradigm may involve the ability to process a syt search, to disengage from a recently
activated category and to activate a new one. Burisearches are needed to discriminate

which of these switching components is the critaae.
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Table 1. Demographic characteristics and mentalsfar the future AD subjects and normal

controls.
Future AD Control P value * Size effect **
subjects subjects
(n=51) (n=102)
Age at D-5 (mean (SD)) 81.98 (4.90) 80.49 (3.59) 0.06 0.36
Education (n (%))
No diploma 22 (43.1%) 44 (43.1%)
Primary degree 19 (37.3%) 38 (37.3%)
Secondary degree and plus 10 (19.6%) 20 (19.6%)
Sex (n (%))
male 20 (39.2%) 40 (39.2%)
female 31 (60.8%) 62 (60.8%)
MMSE at D-5° visit (mean (SD))  25.57 (3.10) 27.58 (2.02) <0.0001 0.82
b ..
MMSE at D-2" visit (mean (SD))  24.78 (2.77) 27.13 (2.21) <0.0001 0.97
MMSE at D° visit (mean (SD)) 20.8 (3.86) 26.66 (2.19) <0.0001 2.04

MMSE= Mini-Mental State Examination

* Student t-test

** Hedges'( effect size index

4D-5, 5 years before dementia onset

b D-2, 2 years before dementia onset

°D, time of dementia onset
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Table 2. Animal verbal fluency performances andlitpteve variables (mean and SD) among

the future AD subjects and the control subjecth@tD-5, D-2 and D visits.

T

= Future AD Control

gS__j subjects subjects X2 * P value * Size effect**
= (n=51) (n=102)

%

3

Q Total number of words

©

= D-5 13.08 (3.82) 15.87 (4.67) 12.31 0.0005 630.

§ D-2 11.75 (3.19) 15.63 (4.36) 23.67 < 0.0001 60.9
§o D 8.98 (3.31) 15.53 (5.04) 325 < 0.0001 1.44
=

§ Repetition rates

f D-5 0.61(1.30) 0.71(1.29) 0.02 0.8744 0.08
()

g. D-2 0.37 (0.75) 0.66 (1.12) 1.79 0.1807 0.28
o D 0.37 (0.92) 0.58 (1.26) 0.61 0.4329 0.18

Intrusions rates

D-5 0 0 -
D-2 0.04 (0.28) 0.20(0.14)  .4D 0.5169 0.81
D 0.22 (0.97) 0.01 (0.10) ) 0.1371 0.37

Mean cluster size

D-5 1.94 (1.25)  2.16 (1.63) 0.79 0.3745 140
D-2 1.83(1.62)  1.95 (1.08) 0.52 0.4713 .090
D 1.67 (1.66)  1.73 (1.13) 0.02 0.8738 0.04

Number of switches

D-5 4.16 (2.04)  4.99 (2.53) 3.97 0.0465 350
D-2 4.04 (2.10)  4.92 (2.08) 5.01 0.0252 420
D 2.96 (1.80)  5.42 (2.55) 27.35 < 0.0001 1.05

*Logistic regression model with Walxf

** Hedges’( effect size index
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Figure 1. Evolution of the total number of wordse tmean cluster size and the number of
switches between the D-5 and D visits among theréduAD subjects (random effects linear

regression model).
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Figure 2. Percentage of AD subjects (n=51) havixglared the different subcategories at

the D-5 and D visits.
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