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ABSTRACT

Background: Dementia may be defined as the attenuation of cognitive powers despite
preserved basal consciousness. Its most common cause is Alzheimer’s disease (AD).
Pathoanatomical staging has made it clear that the disease passes through a protracted
preclinical phase with slowly emerging symptoms. Such symptoms may include
various forms of forgetfulness, such as forgetting the names of people, things, and
places. Because word finding also wanes somewhat with normal aging, objective tests
of word finding might help in separating benign word lapses from those reductions in
lexical ability that may herald dementia. Objectives: The main aim of the thesis was to
identify speech production tests of relevance to the diagnosis of AD and mild cognitive
impairment (MCI). Material and Methods: The thesis is based on retrospective
clinical data obtained from patients admitted to the memory clinic of the Department of
Geriatrics, Karolinska University Hospital. All subjects had undergone an examine
procedure for possible dementia. Study I explored the interrelationships of three word
fluency tests and performance differences between the diagnostic categories. Study 11
investigated whether reductions in regional brain blood flow affected performance in a
verb fluency task and a noun fluency task. Study III examined the production of an
automatic word sequence in forward and reverse order as a diagnostic target. Study IV
analyzed the capacity for rapid articulatory action in AD and related disorders. Results:
Verb, noun, and letter-based fluency were found to be factorially distinct tests but with
covariance between factors. Noun fluency was disproportionately impaired in AD. In
MCI, however, verb fluency was more decreased than noun or letter-based fluency.
Verb fluency performance was predicted by educational level and temporal lobe blood
flow, while noun fluency was predicted by age and parietotemporal-occipital blood
flow. Forward word sequence production was preserved across diagnostic categories.
In contrast, backward word sequence production was impaired in MCI and devastated
in AD. The diagnostic predictive power of backward word sequence production was
approximately equivalent to that of the widely-used Mini-Mental State Examination.
Sequential speech motion rate was modestly reduced in MCI and AD, but more
markedly so in frontotemporal dementia and progressive nonfluent aphasia. In semantic
dementia, articulatory capacity was at the level of participants without objective
cognitive impairment and superior to the other categories. Conclusion: Lexical
production tasks have application to the diagnosis of MCI and mild AD. The capacity
for rapid articulatory action varies both between and within AD and related disorders.
The potential neural correlates of this variation remain to be explored by future studies.



Sammanfattning
Bakgrund

Demens innebdr att ens kognitiva formagor avtagit till den grad att man
inte ldngre klarar det dagliga livet fullt ut. Alzheimers sjukdom é&r den
vanligaste orsaken till demens. Anatomiska undersdkningar av
hjarnforandringarna vid Alzheimer tyder pa att sjukdomen utvecklas
under lang tid innan symptomen sakta borjar mérkas. Mycket forskning
dgnas darfor at att kartligga vad som kan vara tidiga tecken pa
demenssjukdom. Till de viktigaste symptomen hor olika sorters
glomskhet som att tappa ord pa personer, platser och saker. Manga kénner
nog igen sig 1 sddana upplevelser, och en méttligt 6kad ordglomska
forknippas mycket riktigt med det normala aldrandet. Dérfor dr det inte
alls sékert att svarigheter att hitta ord beror pa demensutveckling. Ett sitt
att bedoma om ordglomskan ar godartad eller mer djupgéende é&r att
anvanda sirskilda test av formagan att hitta ord. Sddana test kan innebéra
att man far sdga vad mer eller mindre ovanliga saker heter eller att komma
pa ord sd manga ord som mojligt inom ett visst &mnesomrade eller ord
som borjar pa en viss bokstav. De sistndimnda uppgifterna kallas
ordflodestest. De utfors pa begrinsad tid, vanligen en minut, och &r
ganska krdvande trots att man klarar av dem snabbt.

Syfte

Huvudsyftet med studien var att undersdka om test av formagan att snabbt
komma pa ord och av artikulationssnabbhet kan vara relevanta for att
diagnostisera lindriga grader av demens och en &nnu lindrigare grad av
kognitiv nedsittning, sa kallad lindrig kognitiv stérning.

Delstudie |

I denna studie undersoktes resultaten frin tre olika ordflddestest hos 199
personer som genomgéatt en minnesutredning vid Geriatriska kliniken,
Karolinska universitetssjukhuset. Det forsta testet, bokstavsstyrt ordfldde,
gick ut pé att komma pé ord som borjar pa en viss bokstav. Det andra
testet, substantivflode, innebar att man skulle rdkna upp s& manga olika
djurarter som mojligt, dvs. en kategori av substantiv. I det tredje,
verbflode, gillde det att komma pa sd manga verb som mojligt som
uttrycker aktiviteter som en manniska kan utfora. Varje deltest
genomfordes under en minut, och antalet korrekta ord per
tiosekundersintervall noterades for att fa en uppfattning om prestationen
over tid. En explorativ faktoranalys enligt maximimetoden med oblik
rotation av axlarna visade att de tre testen motsvaras av var sin
bakomliggande faktor, och de tre faktorerna var i viss mén korrelerade



med varandra. Jamforelser mellan olika diagnoskategorier visade att
substantivfldde (djur) var oproportionerligt nedsatt i gruppen
Alzheimerdemens, medan diaremot verbflode var det jaimforelsevis
svéraste testet for gruppen lindrig kognitiv stérning. Dessa tva test
framstod darfor som mest intressanta i detta ssmmanhang och undersoktes
nirmare 1 delstudie II.

Delstudie Il

Denna undersdkning omfattade forutom verbflode och substantivilode
dven resultat fran en rontgenundersdkning av blodflodet i olika delar av
hjérnan, s.k. enfotonemissionstomografi (SPECT). Syftet var att se om
prestationen 1 ordproduktionstesten kunde kopplas till funktionsavvikelser
i skilda delar av hjidrnan. Data himtades fran 93 forsokspersoner som
genomgitt minnesutredning vid Geriatriska kliniken, Karolinska
universitetssjukhuset. Fran SPECT analyserades 38 olika variabler genom
principalfaktoranalys med varimaxrotation, vilket gav sju faktorer
motsvarande storre anatomiska regioner i hjdrnan. Dessa anvéindes sedan i
multipla regressionsanalyser. Resultaten visade att prestationen i
verbflode predicerades av utbildningsniva, dvs. ju hogre utbildning desto
hogre resultat, och av blodflodet i temporalloben. Substantivflode
predicerades daremot av alder — ju hogre alder, desto ldgre resultat — och
av blodflodet i parietotemporal-occipitalregionen. Prestationen pé de tva
ordflodestesten ”forklarades™ alltsd 1 viss utstrackning av skilda
bakomliggande faktorer, inklusive olika hjarnkorrelat.

Delstudie 111

Den tredje studien inriktades pa ordsekvensproduktion, en typ av
ordproduktionsuppgifter som skiljer sig mycket fran ordflodestesten.
Ordsekvenser som ménaderna tilldgnas delvis genom en “procedural”
form av inldrning under barndomen och kvarstar som automatiserade
listor 1 ordforradet, vilkas ingdende bestandsdelar &nda kan anvéndas
enskilt och flexibelt. And4 finns en tydlig skillnad mellan att riikna upp
t.ex. manaderna i den invanda ordningen och att gora det i omvind
ordning — framat gér snabbt och utan eftertanke, bakat gir langsammare
och med viss tankemdda. I denna studie undersoktes om denna kontrast &r
av diagnostiskt varde vid lindriga grader av demens och lindrig kognitiv
storning. Resultat frén testet manader framat-bakat inhdmtades fran 234
personer som genomgatt minnesutredning vid Geriatriska kliniken,
Karolinska universitetssjukhuset. Den invanda, framatriktade
sekvensupprikningen visade sig vara intakt vid demens. Férmagan att
snabbt aterge sekvensen i omvind ordning var diremot tydligt nedsatt vid
lindrig kognitiv storning och till stor del utslagen vid lindrig



Alzheimerdemens. Logistiska regressionsanalyser tydde pd att en till tva
variabler frin testet manader bakét hade ungefar samma diagnostiska
prediktionsformaga som det mer tidskravande Mini-Mental-testet.

Delstudie 1V

I den sista delstudien undersoktes hur ett matt pa talmotoriken, en basal
men viktig delféorméga i sprakanvéndningen, varierar inom och mellan
grupper med kognitiv nedséttning. I denna studie med totalt 236
forsokspersoner ingick dven 29 fall av frontotemporal lobar degeneration,
en mindre vanlig demenssjukdom som ofta upptrider i 50-arsaldern. Den
har tre huvudformer: frontotemporal demens, dir fordndringar 1
personlighet och beteende dr mest framtrddande, semantisk demens, som
kénnetecknas av bortfall i ordforradd och begreppsbildning samt progressiv
ickeflytande afasi, ddr en typ av Broca-afasi dr mest framtrddande. Som
matt pa talmotorisk snabbhet anvéndes sekventiellt artikulatoriskt
rorelsetempo. Forsokspersonerna fick repetera en stavelsesekvens med
véxlande artikulationsstille s& snabbt och jamnt som mdjligt under tio
sekunder, varefter tempot berdknades som antalet korrekt repeterade
stavelser per sekund. Rorelsetempot var méttligt nedsatt vid lindrig
kognitiv storning och lindrig Alzheimerdemens; ungefar 10 % av fallen 1
dessa grupper hade péfallande lagt tempo. Mer tydligt nedsatt tempo sdgs
vid frontotemporal demens och i synnerhet vid progressiv ickeflytande
afasi. Gruppen semantisk demens skilde sig inte frén personer utan
objektiv kognitiv stérning, men hade signifikant hogre rorelsetempo dn
ovriga fyra diagnoskategorier inklusive lindrig kognitiv storning.

Slutsats

Ordproduktionstest har relevans for lindriga grader av kognitiv
nedsdttning, och av de undersokta testen giller detta sarskilt omvénd
ordsekvensproduktion. Artikulationssnabbhet varierar bdde mellan och
inom gruppen Alzheimerdemens och besldktade storningar. Korrelaten till
denna variation behover utforskas ndrmare.
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1 INTRODUCTION

1.1 GENERAL BACKGROUND

Human beings alone have the power to learn a language. So essential is this capacity
that humanness has been typified as zoon logon ekhon in the Aristotelian tradition — a
life form endowed with speech. Language indeed pervades our lives. From it stems
many other abilities. It helps us acquire and disseminate factual knowledge, reflect on
our past and future, disclose or conceal our feelings, ponder our situation, and plan a
course of action. We readily carry out diverse speech acts such as asserting, requesting,
questioning, promising, blaming, praising, and thanking.

Some plain empirical figures may illustrate human loquaciousness. Young men and
women utter 16,000 words each day on average (Mehl et al., 2007), drawing on
vocabularies of about 75,000 lexical items (Oldfield, 1963). The medium speaking rate
for a turn in conversation is more than 200 words per minute, whereas articulation
proceeds at a medium rate of around 5.3 syllables per second for an English utterance
(Laver, 1994, p. 158).

The faculty of language subsumes an array of different constituent abilities. They
include visual and auditory perceptual skills as well as motor skills necessary for
speech and writing. Moreover, competent speakers of a language know, among other
things, the correct pronunciation of words, how to combine them in sentences and to
apply expressions with appropriate precision and style in a given context. Once
acquired, these skills remain remarkably robust, given their regular and effortless use
throughout adult life. Even eloquent readers will nonetheless testify that their exercise
of language occasionally goes awry. Various slips of the tongue occur from time to
time, involving the substitution of words related in meaning or in form, as well as
substitutions or transpositions of speech sounds (Fromkin, 1973). Such slips are
sometimes noticed by speakers themselves, sometimes only by listeners. One may also
lose one’s thread in conversation, so that an account or argument has to be
discontinued, or one may be unable to bring a crucial term to mind, perhaps causing
some embarrassment. The latter phenomenon is associated with what is referred to as
the tip-of-the-tongue (TOT) states in psycholinguistics (Brown & McNeill, 1966;
Brown, 1991). A person in the TOT state is momentarily unable to recall a word such
as the name of a person or a common noun, but can usually rephrase its meaning. One
may also be aware — frustratingly so — of the partial phonological form of the word,
such as its first or last sound, the number of syllables, or its stress pattern (James, 1890,
p- 252). Under experimental conditions, subjects may reliably indicate syntactic
features such as gender or mass/count class of common nouns they cannot recall
(Miozzo & Caramazza, 1997; Vigliocco et al., 1999; Biedermann et al., 2007).

Slips of the tongue and TOT states are a recurrent, although perhaps not very frequent,
experience for many people. Word-finding trouble is commonly held to be part of
getting old, but some persons fear they might be a sign of abnormal cognitive decline,
that is, a symptom of dementia. Newspaper articles or medical brochures mention



word-finding trouble as an early symptom, and many people have observed the speech
of friends or relatives afflicted by dementia. The question arises whether word-finding
trouble in the worried well can be separated from the difficulties experienced by
patients in early stages of abnormal cognitive decline, such as mild cognitive
impairment and the mild dementia in Alzheimer’s disease (AD). That is the main theme
of this thesis.

1.2 WORD FINDING AND NORMAL AGING

1.2.1 Naturally occurring TOT states

Both physical and mental abilities wax and wane across the life span, so it would seem
plausible that word finding could decline with advancing age. A few studies have
addressed this question with regard to naturally occurring TOT states. Burke et al.
(1991) had 130 participants record information about their TOT states in a diary during
one month in addition to experimental data obtained in the laboratory. There was no
age difference in the expected TOT state frequency estimated in advance by
participants, indicating that the procedure was not age-biased. Old and mid-age
participants recorded significantly more TOT states than young participants. The age
difference in TOT state frequency was unrelated to sex, educational level, vocabulary
score, and working memory span. More than half of the TOT states concerned proper
names of persons and places or titles of books, films, and television shows, with some
age-group differences across these word categories. Moreover, old participants gave
less partial information (such as first or last letter) about TOT words and came up with
fewer alternate words. Most TOT states resolved during the experimental period.

In sum, and leaving aside interpretations pertaining to their “node structure theory”, the
study of Burke ef al. (1990) thus confirms that word-finding trouble in everyday life
becomes more frequent with age and transforms to some extent — personal names
become more difficult and partial information about target words tends to become
sparse. It should be added, however, that the number of TOT states in old participants
averaged 6.56 in a month, so word-finding problems are not truly abundant in
senescence.

1.2.2 Induced TOT states

1.2.2.1 Picture naming (nouns)

Investigators have also administered special tests to examine the effects of age on word
finding. Such tests include naming in response to definitions and picture naming. In
picture naming, famous persons, animals, inanimate objects or actions are presented
pictorially, and subjects must provide an appropriate noun or verb for each item. A
number of studies have used the Boston Naming Test, which is also widely utilized in
clinical assessment of language function (Kaplan et al., 1983). The standard version
consists of 60 line drawings; they show plants, animals, one legendary creature, and
miscellaneous inanimate objects. Subjects are to name them correctly and are provided
with cues if unable to do so. Semantic cues are given if the depicted item is not
recognized to begin with; this would be indicated by a verbal response whose
denotatum resembles that of the target word visually but not conceptually, for example,



“snake” for pretzel. Otherwise phonemic cues (first sound of target word) are given to
resolve a TOT state. Results may then be evaluated by the number of correctly named
items, the amount of facilitation produced by semantic or phonemic cues, or the
typological pattern of incorrect responses. The latter would include categories such as
superordinates (“bird” for pelican), co-taxonyms (“flamingo” for pelican), or
circumlocutions.

The question of whether an effect of aging per se on picture naming has been
demonstrated is somewhat contentious. This is because performance is not always
associated with age (LaBarge ef al., 1986; Cruice et al., 2000; Shafto et al., 2007) or
more or less complex interactions are obtained between age, education, living
environment, and sex (Neils ez al., 1995; Goulet et al., 1994; cf. Feyereisen, 1997). In a
number of cross-sectional studies, performance on the Boston Naming Test declined
with age, more clearly after age 70 (Nicholas ef al., 1985; Albert et al., 1988). An age-
related decline has also been observed in longitudinal follow-up studies (Au et al.,
1995; Connor et al., 2004), and it does not appear to be confounded by undetected
dementia among older participants (MacKay et al., 2005).

Although the number of TOT states elicited for nouns by picture naming thus seems to
increase with age, the facilitation provided by semantic and phonemic cues does not
decrease (Nicholas ef al., 1985). However, old subjects tend to produce more off-target
responses such as semantically related words, circumlocutions, or neologisms based on
nominalization (e.g. “swinger” for pendulum, Albert et al., 1988; Nicholas et al., 1985;
Au et al., 1995).

1.2.2.2  Picture naming (verbs)

Other studies have addressed whether the ability to recall action verbs in response to
pictures is similarly influenced by aging. Cross-sectional data using the experimental
55-item Action Naming Test indicate an age-related decline in naming actions with
verbs that becomes more marked after age 70 (Nicholas et al., 1985). Longitudinal data
have supported these findings, with a significant decline for all age groups except the
youngest (Ramsay et al., 1999). Again, there was an age-related increase in the number
of errors, but no decrease in the benefit afforded by cues. The age-related decline in
picture naming appears to be of similar magnitude for verbs and nouns when items
from each lexical category are carefully matched (MacKay et al., 2002).

The aforementioned studies did not report how fast responses were given for verbs and
nouns. When response latency is taken into account, differences have been
demonstrated between the two categories as well as a transitivity difference within the
verb category. Noun items are thus named faster than verb items, and intransitive verb
items are named faster than transitive verb items (Kauschke & von Frankenberg, 2008).

1.2.3 Brain correlates of TOT states

Until recently, the morphological brain correlates, if any, of age-related TOT states
were wholly unknown. Shafto er al. (2007) used a set of 68 pictures of famous persons
to elicit TOT states in 46 healthy adult participants, for which voxel-based



morphometric data had been derived from MRI scans. TOT states were found to be
specifically associated with an age-dependent reduction of the left insular cortex, a
mesocortical region which is densely interconnected with other brain areas (Augustine,
1996).

According to Shafto et al., the insular-TOT association reinforces the notion “that
phonological retrieval deficits underpin TOTs across the lifespan” (p. 2066). This
hinges on the conception of the left insula as a motor speech area which, however, was
recently challenged by Hillis ez al. (2004). There is, moreover, no record of an
increased frequency of phonological paraphasias or articulatory errors during picture
naming in normal aging (see also Vousden & Maylor, 2006, who specifically
investigated speech errors across the life span).

1.2.4 Word fluency

Word (verbal) fluency tests may be defined as continuous controlled word association
tests (Cramer, 1968). They must thus not be confused with fluent, as opposed to
hesitant, “real” speech. Subjects are given a broadly defined theme or set of words to be
enumerated as exhaustively as possible in a limited time, usually one minute. The basic
performance measure is the number of appropriate words uttered, but the distribution of
words across time intervals or relations between the words (e.g. perseverations, size of
subcategories) can also be analysed.

Word fluency involves partly different abilities than picture naming and may be
considered more demanding than standard naming tests such as the Boston Naming
Test. Whereas picture naming calls for more or less precise identification of objects and
actions that are presented pictorially, word fluency requires a capacity for ratiocinative
imagination, as speakers must bring words to mind in a fruitful way without external
cues. This capacity is part of what cognitive neuroscientists call executive function.
Persons who are deficient in this ability may thus name pictures with adequate
precision and yet produce much fewer words than normal in a fluency task.

Three major types of word fluency tests need to be distinguished. In letter-based
fluency, subjects enumerate words that begin with a given letter from any lexical
category except numerals and, for unclear reasons, proper nouns. Letter-based fluency
is also called phonemic, phonological, or lexical fluency. Semantic fluency, also named
category fluency, targets a thing category, for example, a natural kind category such as
animals or fruit, or nominal categories such as clothes or supermarket items. Because
only common nouns are concerned, the semantic fluency tests could be designated
more specifically as noun fluency. There is also a relatively novel verb fluency test,
which involves the enumeration of things that people do (Piatt ez al., 1999b). Verb
fluency is also referred to as action fluency. Although verb fluency is as semantic in
character as the noun fluency tests, most authors do not label it so, restricting instead
the term semantic fluency for tasks involving nouns.



Data on aging and word fluency are equivocal. Ravdin et al. (2003) assessed letter-
based and noun fluency in 188 participants in ages 60-92. The results indicated a
disproportionate decline in noun fluency with age, with a reversal to superior letter-
based fluency performance in the oldest old, that is, above 80 years. In contrast, the
presence of even mild depressive symptoms was associated with a relatively decreased
performance on letter-based fluency. In a study of 165 healthy participants in ages 16-
89, age emerged as a negative predictor of noun (animal) fluency (Tallberg ef al.,
2008). In contrast, neither verb fluency nor letter-based fluency were significantly
predicted by age. Similarly, in a study with 1,300 participants, age was found to
influence noun fluency more negatively than letter-based fluency (Tombaugh et al.,
1999). Henry & Phillips (2006) suggested that the relative insensitivity of letter-based
fluency to aging stems from its dependence on crystallized intelligence including
vocabulary, which is retained in old age. Accordingly, letter-based fluency is predicted
by educational level rather than age (Tombaugh et al., 1999; Tallberg et al., 2008).
Likewise, verb fluency is positively correlated with educational level but not
significantly associated with age (Piatt et al., 1999b; Piatt et al., 2004; Woods et al.,
2005b; Tallberg et al., 2008).

After this survey of how normal aging affects lexical performance, we may now turn to
how abnormal cognitive decline affects speech and language abilities relevant to this
thesis.

1.3 DEMENTIA AND SPEECH-LANGUAGE IMPAIRMENT

1.3.1 Historical remarks

Dementia may be defined as the attenuation of cognitive and cogitative powers despite
retained intransitive consciousness. The clinical diagnosis of dementia is currently
based on criteria in the International Statistical Classification of Diseases and Related
Health Problems (ICD-10; World Health Organization, 1992) or the Diagnostic and
Statistical Manual of Mental Disorders (DSM-IV-TR; American Psychiatric
Association, 2000). The ICD-10 criteria require evidence for memory decline as well as
a decline in other cognitive abilities supported, if feasible, by neuropsychological tests.
The decline should have been present for at least six months for a confident diagnosis
and delirtum must be absent. The degree of memory and other cognitive decline must
be enough to interfere with everyday activities. The DSM-IV-TR similarly requires
multiple cognitive deficits for the diagnosis of dementia, including memory impairment
and at least one of aphasia, apraxia, agnosia, or executive dysfunction. Again, these
deficits must cause significant impairment in social or occupational functioning.

The ICD-10 and DSM-IV-TR criteria encapsulate the idea that memory impairment is
primary in dementia and other deficits are secondary. This insight is not new. In his
“Treatise on insanity and other disorders affecting the mind”, the British physician and
ethnologist James Cowles Prichard maintained that dementia develops in four stages
distinguished by qualitatively different phenomena (Prichard, 1835, pp. 88-89). The
first stage is forgetfulness or loss of memory, especially for recent events. The power of
reasoning is preserved “within the sphere of distinct recollection,” and judgment is still



sound “when the attention can be sufficiently roused” (p. 89). This stage resembles the
contemporary concept of mild cognitive impairment. The second stage is irrationality
or loss of reasoning powers. In the third stage, incomprehension, afflicted individuals
become incapable of understanding the meaning of anything said to them. Finally, in
the fourth stage, loss of instinct and volition deprives the individual “even of the animal
instincts.” It should be mentioned that Prichard’s sample of dementia included
presumed causes such as political excitement and suppression of hemorrhoids besides
currently accepted etiologies (Prichard, 1835, p. 88).

A near half-century later, the French psychiatrist Jules Séglas published the monograph
“Des troubles du langage chez les aliénés” (Séglas, 1892; reviewed by Kellogg, 1892;
Obler & Albert, 1985; Berrios, 1995). It was based on lectures delivered at La
Salpétriere and dealt specifically with speech and language in psychiatric disorders.
Séglas classified language disorders in the insane into disorders of speech, writing, and
gesture. Speech and writing disorders were considered the result of intellectual
disturbances (dyslogies), functional disturbances of the powers of expression
(dysphasies), or disorders of utterance (dyslalies) or handwriting, respectively.
Dyslogia included various changes in language content, including the release of
“reflexive” or automatic speech and echolalia. Gestural disorders were held to be either
independent of the mental disorders or resulting from them.

In the same year as the monograph by Séglas, the Austrian neurologist and psychiatrist
Arnold Pick published a case report on the relations between aphasia and senile brain
atrophy (Pick, 1892). In that article, Pick argued that aphasia syndromes held to arise
only from focal brain lesions may in fact develop gradually with “diffuse” brain
pathology, that is, senile brain atrophy. To prove his point, Pick described the case of a
71-year-old man who became forgetful and ill-tempered and gradually developed
transcortical sensory aphasia, a language disorder characterized by preserved repetition
abilities and fluent spontaneous speech but impaired comprehension and defective
semantic content. The neuropathological examination showed a distinct atrophy of the
left temporal lobe. This and other cases described by Pick were viewed as a “focalized”
form of senile dementia, with implications for the relations between neurodegeneration
and language abilities.

Pick’s first case has been considered an early example of primary progressive aphasia
in current terminology. This is unconvincing, however, as the patient was markedly
forgetful and had significant behavioural changes within two years after onset
(Mesulam, 2001). Perhaps more noteworthy was the case of alleged “pure word
deafness” of Sérieux (1893), the neuropathology of which was comprehensively
studied by Dejerine & Sérieux (1897). Reassessment of Sérieux’ report casts doubt on
the diagnosis of pure word deafness, indicating instead a semantic dementia, possibly
combined with motor neuron disease (cf. Ceccaldi et al., 1996, p. 50). This is consistent
with the massive bilateral temporal lobe atrophy and severe neuronal loss in the upper
cortical layers corroborated a century later (Mesulam, 2001, p. 426). As further
neuropathological data accumulated (Liepmann, 1900; Stransky, 1903; Rosenfeld,



1909; Alzheimer, 1911), the view emerged that the atrophy resulted from a hereditary
degenerative disorder (Richter, 1918). Although Altman (1923) drew attention to the
systematic corticolaminar atrophy, the term Pick’s disease was apparently not
established until 1925 (de ziekte van Pick, Gans, 1925) and underpinned by
pathoanatomical diagnostic criteria the following year (Onari & Spatz, 1926). The latter
authors basically defined Pick’s disease as circumscribed cerebrocortical atrophy
(“umschriebene GroBhirnrinden-Atrophie”). Atrophy of the outer cortical layers with
regional accentuation, temporal or frontal, in the absence of neurofibrillary tangles was
considered the essential feature.

Early students of Pick’s disease distinguished between distinct clinical pictures at
presentation. Schneider (1929) thus discerned “jocular-silly,” akinetic, aphasic, and
apraxic-asymbolic forms. Aphasia was investigated in detail by Liiers (1947, 1949).
This author studied the gradual dissolution of language in two main forms of Pick’s
disease, the temporal lobe variant and the frontal lobe variant. The cases were drawn
from the series described anatomically by von Bagh (1946). Because Liiers’ study
anticipated current concepts of language disorders in dementia and is rarely cited, it
may be justified to comment on it in some detail.

Liiers basically found that the language disorders in the two forms are quite distinct. In
the temporal lobe variant, the disorder starts with anomic aphasia. At this stage, word
comprehension is only slightly compromised, whereas the anomia is quite marked.
Later in the course, word comprehension deteriorates while repetition abilities are
retained. This stage corresponds to a transcortical sensory aphasia. According to Liiers,
this condition results from the disconnection of Wernicke’s area from surrounding
cortices by the atrophic process. She noted that one of the patients acquired a peculiar
idiolect, referring to everything pleasant and positive as “all’s paid” [alles gezahlt],
whereas everything unpleasant and negative was referred to as “terribly sick”
[furchtbar krdnklich]. This is the “idiosyncratic word usage” reported later in semantic
dementia (Snowden, Neary & Mann, 1996; Neary ef al., 1998). Moreover, some of the
patients developed press of speech (logorrhea), which Liiers associated with the basal
ganglia involvement known to occur in Pick’s disease (von Braunmiihl, 1930; von
Bagh, 1946). A true Wernicke’s (cortical sensory) aphasia can develop, but the final
stage of language decline is a global (total) aphasia, and patients eventually become
mute. Before that, however, fluent speech gradually becomes intermingled with speech
automatisms (“stehende Redensarten”; cf. reflex language as a form of dyslogia,
Séglas, 1892). They vary from complex combinations of phrases to strings of simple
syllables with fixed metric patterns (Leischner, 1951). Liiers considered the severe end-
stage aphasia in temporal Pick’s disease as resulting either from contingent atrophy of
Broca’s area or from concomitant right-hemisphere atrophy. She concluded, “It is
probably justified to speak of a specifically ‘aphasic dementia’” (““Wahrscheinlich ist es
berechtigt, von einer spezifischen ‘aphasischen Demenz’ zu sprechen”). Undoubtedly,
then, Liiers” work heralded the current concept of primary progressive aphasia and
semantic dementia in particular.



In the frontal variant of Pick’s disease, Liiers emphasized phonetic abnormalities such
as slow, effortful, monotonous speech and abnormal stress patterns. A peculiar vocal
diminuendo occurred during utterances. Phonological paraphasias were rare. Speech
was gradually reduced, with shorter and shorter utterances, until mutism ensued.
Repetition, automatic speech, naming, and comprehension were relatively spared. One
case had echolalia. The clinical picture was apparently that of a transcortical motor
aphasia. Speech automatisms or “stehende Redensarten” occurred. The language
syndrome was interpreted as reflecting a general apathy (“Antriebsmangel”). She noted,
however, that apathy could be restricted to speech production, as one case had speech
impairment as the first sign of disease. In the final phase, the profoundly demented
patients emitted mostly non-verbal sounds. Liiers’ description of the language decline
in frontal Pick’s disease appears to fit Gustafson’s (1987) description of frontal lobe
degeneration of the non-Alzheimer type rather than that of progressive nonfluent
aphasia (Neary et al., 1998), as anomia and phonological paraphasias were played
down.

In contrast to the specific and diverse language symptoms in Pick’s disease, the aphasia
of Alzheimer’s disease was described as a form of sensory aphasia occurring as part of
a global dementia with disorientation, inattention, agnosia, and apraxia. Word-finding
difficulties and impaired reading, writing, and calculation were considered typical; in
advanced stages logoclonia occurred, a speech disorder characterized by rapid
effortless syllable repetitions (e.g. Sjogren, 1952).

From the late 1970s onwards, interest in dementia research surged. A series of
pioneering studies of dementia were carried out at Lund, Sweden, ranging from
neuropathology to psychiatry and functional brain imaging. A regional cerebral blood
flow study was aimed at investigating the relations between patterns of language
impairment and cerebral blood flow patterns in presenile dementia (Gustafson et al.,
1978). Regardless of the diagnosis — Pick or Alzheimer — predominantly receptive
language disturbances were associated with reduced flow in postcentral regions,
particularly in the temporoparietal region. Conversely, expressive language
disturbances were linked to frontal and anterior temporal flow reductions, whereas
certain mixed symptoms (logorrhea, jargonaphasia, and jargonagraphia) were seen in
cases with both precentral and postcentral blood flow reduction.

During the 1980s and 1990s, large strides were taken in the understanding of the
neuropathology and clinical presentations of dementia. New clinical concepts emerged,
including primary progressive aphasia, frontotemporal dementia, and semantic
dementia, and sophisticated experimental studies were conducted in the framework of
cognitive neuroscience. Alzheimer’s disease was brought into public awareness as the
most common form of dementia. Because earlier stages of Alzheimer’s have become
diagnostic targets as part of secondary prevention, the attention has come to focus on
the prodrome during which individuals become impaired but are not yet demented, that
is, on MCI.



1.3.2 Mild cognitive impairment

As noted previously, the diagnostic criteria for dementia stipulate that impairment
should be severe enough to interfere with activities of daily living or cause significant
impairment in social or occupational functioning. However, whether such is the case is
not always straightforward to determine. Reliable information about performance at
work can be hard to obtain, and the interpretation of “significant” impairment may be
difficult. It is furthermore clear that the underlying disease, in the case of Alzheimer’s
and related disorders, usually has a long oligosymptomatic phase with no apparent
social or occupational impairment. Sooner or later, however, symptoms become
conspicuous, and the impairment may be considered objective; this corresponds to
Level 3 or mild cognitive decline of the Global Deterioration Scale (Reisberg et al.,
1982). In current terminology, this level roughly equals mild cognitive impairment
(MCI), a concept invoked to fill the diagnostic gap between benign age-associated
forgetfulness and dementia, particularly Alzheimer’s disease (AD).

Different definitions of MCI and closely related terms such as CIND (“cognitively
impaired, not demented” or “cognitive impairment, no dementia’’) have been proposed
(for review, see Davis & Rockwood, 2004; Winblad et al., 2004; Gauthier et al., 2006;
Reisberg et al., 2008). The definitions differ as to whether formal cognitive testing is
required for the diagnosis, as to the distributional criterion for impairment (for example,
1.0, 1.5, or 2.0 standard deviation units below the mean), and as to which abilities are to
be impaired. MCI may thus include amnestic MCI with isolated memory impairment,
multi-domain MCI with memory and additional cognitive impairment, and non-
amnestic MCI with intact memory but impairment in some other cognitive ability
(Petersen ef al., 2001). Other data-driven subdivisions of MCI might emerge depending
on the aim and direction of the test battery used, on the nature of the sample, and on the
statistical procedures used to arrive at a classification of patients into subgroups. One
aim in identifying subdivisions of MCI is to identify patterns that predict different
forms of dementia in longitudinal studies (see e.g. Peters et al., 2005).

Impaired declarative memory acquisition is considered the hallmark of MCI (Gauthier
et al., 2006). This may be documented by tests of delayed recall such as the Auditory-
Verbal Learning Test of Rey (1964). However, there is also evidence for impairments
in MCI that go beyond delayed recall. The decrements may be less marked but
nevertheless significant. There is thus evidence for hyposmia in MCI (Devanand et al.,
2000; Wang et al., 2002; Peters et al., 2003; Eibenstein et al., 2005; Westervelt et al.,
2007; Djordjevic et al., 2008), and impaired odour identification predicts the
emergence of MCI in older adults (Wilson ef al., 2007). Moreover, MCI appears to be
associated with certain language-related decrements, including decreased noun fluency
(Hodges et al., 2006; Fernaeus et al., 2008), difficulties in the nominal mass/count
domain (Taler & Jarema, 2004), picture naming (Duong et al., 2006), and sentence
comprehension (Nordlund et al., 2005). Divided attention is also impaired in MCI,
suggesting that features of executive dysfunction emerge before the stage of dementia
(Belleville et al., 2007). At present, it is not clear what language tasks are suited to



detect MCI, although the language decrements listed above suggest that tests involving
both lexical-semantic and executive abilities would be applicable.

1.3.3 Alzheimer’s disease

1.3.3.1 Pathoanatomical considerations

AD is the most common cause of dementia (Huang et al., 2005). During the 1980s and
1990s, efforts were made to improve the diagnosis of the disease. Braak & Braak
(1991) proposed a six-stage scheme for the pathoanatomical evolution of AD based on
the topographical distribution of neurofibrillary changes in the cerebral cortex and other
brain structures. They are commonly referred to as Braak stages I to VI. In stage I, a
moderate number of neurofibrillary changes are found mainly in the transentorhinal
region of the anteromedial temporal lobe. Their number increases during stage II but
shows little increase outside the transentorhinal region; accordingly, these stages are
referred to as transentorhinal stages. During stages III and IV, the neurofibrillary
changes accrue within the transentorhinal and entorhinal regions, and the hippocampal
formation becomes moderately involved. However, neocortical areas are still largely
unaffected. These stages are thus called limbic stages. In stages V and VI, the
neocortical association areas become severely involved. They are therefore referred to
as isocortical or neocortical stages. Dementia does usually not become manifest before
the neocortical stages (but cf. Braak & Braak, 1990).

According to Braak & Braak (1991, p. 256), the transentorhinal stages are likely to
represent clinically silent periods of the disease, that is, its preclinical phase. In fact, the
changes could even be overlooked on conventional neuropathological examination. The
limbic stages, however, were considered potential correlates of clinically incipient AD.
This is supported to some extent by neuropathological studies of MCI and related
conditions. Morris ef al. (2001) found that 84 % of cases with questionable or very mild
dementia (Clinical Dementia Rating = 0.5) had AD pathology. Of the 15 cases of
amnestic MCI studied by Petersen et al. (2006), all but the youngest one had some
degree of AD pathology. However, seven cases also had argyrophilic grain disease
(Braak & Braak, 1987), which appears to be commonly associated with amnestic MCI
in older individuals who came to autopsy (Jicha ef al., 2006b). Individuals who had
amnestic MCI and went on to develop dementia had AD pathology in the majority of
cases, although argyrophilic grain disease, Lewy body disease, and vascular disease
were common in the sample (Jicha et al., 2006a).

1.3.3.2 TOT states and picture naming in AD

Early research efforts were aimed at aspects of language and communication in
dementia such as naming and discourse (e.g. Bayles & Boone, 1982; Bayles &
Tomoeda, 1983; Tomoeda & Bayles, 1993). Little information is available on the
subjective frequency of word finding problems in AD. Presumably, most persons with
dementia cannot estimate how often they experience TOT states in everyday life owing
to their memory deficits. However, experimentally elicited TOT states have been
studied in participants with Alzheimer’s disease (Astell & Harley, 1996). Participants
were given definitions and asked to supply the target word. The subjects with dementia
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did experience TOT states in the experiment, but in contrast to controls they could not
give any information about the target words. Moreover, the related words given by AD
participants were usually semantically but not phonologically related to target words,
again in contrast to controls. To Astell & Harley, these findings indicate insufficient
activation of lemmas in AD; the lemma is a “level of representation” that links
conceptual and phonological structure in the psycholinguistic theory of Levelt (1989).

Impaired naming is now generally considered a prominent deficit in AD, and many
authors have investigated aspects of picture naming in the disorder (e.g. Cummings et
al., 1985; Shuttleworth & Huber, 1988). Impaired naming is paralleled by a
deteriorating ability to adequately define the target words used in picture naming
(Hodges et al., 1996). Together with analyses of naming errors (Nicholas et al., 1996),
this suggests that semantic memory loss is a major factor behind the naming problems
in AD. A recent study demonstrated that lexical variables derived from noun fluency
data were associated with grey matter volumes in the mediotemporal limbic system,
including the perirhinal and parahippocampal cortices (Venneri et al., 2008).

1.3.3.3 Word fluency in AD and related disorders

Objective measures of word finding ability such as word fluency are often used in the
clinical assessment of dementia. However, there are a number of word fluency tests, the
performance on which is differentially affected by normal aging. Moreover, the
different word fluency tests may be more or less sensitive to diverse brain disorders.
Letter-based fluency is thus disproportionately or selectively impaired in minor Broca’s
aphasia (Coslett ef al., 1991), nonfluent progressive aphasia (Hodges and Patterson,
1996), and cerebellar pathology (Leggio et al., 2000). In contrast, noun fluency is not
only disproportionately decreased in normal aging but even more so in AD (Henry et
al., 2004; Fernaeus et al., 2008), semantic dementia (Hodges & Patterson, 1996),
Parkinson’s disease (Henry and Crawford, 2004), schizophrenia (Henry & Crawford,
2005a; Kremen et al., 2003), and major depression (Fossati et al., 2003; but cf. Ravdin
et al.,2003; Henry & Crawford, 2005b). Another difference is that performance on
letter-based fluency, but not noun fluencys, is facilitated by low doses of anticholinergic
medication (Pompéia et al., 2002). Finally, verb (action) fluency is thought to be
particularly sensitive to disorders associated with striatal and perhaps cerebellar loop
pathology, including Parkinson’s disease (Piatt et al., 1999a; Signorini & Volpato,
2006), HIV-1 infection (Woods et al., 2005), schizophrenia (Woods ef al., 2007), and
Friedreich’s ataxia (De Nobréga et al., 2007). So far, it appears that noun fluency is a
better diagnostic predictor than letter-based fluency in AD. So far, however, the three
major types of word fluency have not been comprehensively studied in a sample
including the whole range of cognitive decline from mild subjective complaints to
dementia.

Verb fluency provides an interesting addition to the previously used noun fluency tests,
as the self-sustained recall of verbs may be contrasted with fluency tasks targeting
various nominal categories. The double dissociation between verb and noun recall in
aphasia was reported already in the 18th century (Vico, 1744; Linnaeus, 1745; for
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discussion, see Denes & Dalla Barba, 1998, and Ostberg, 2003). In modern
aphasiology, deficits in recalling and using verbs grammatically have often been linked
to frontal lobe lesions, whereas noun deficits (anomia) are usually associated with
temporal lobe lesions. Even differential loci within the temporal lobe for nominal
categories (persons, animals, tools) have been reported (Damasio et al., 1996), as have
differential fMRI correlates of verb subcategories (Hauk et al., 2004).

1.3.3.4 Word sequence production

Every adult’s vocabulary contains automatic word sequences, such as the names of the
months, days of the week, seasons, numerals, and letters of the alphabet. By automatic
is meant that the sequences are recalled almost without thinking in the normal
(forward) direction, whereas reciting them backwards takes considerable effort unless
one has rehearsed them in that order as well (Ebbinghaus, 1885/1971, p. 97). Automatic
word sequences are often preserved as part of automatic or “non-propositional speech”
in persons with aphasia, and may actually interfere with natural speech as speech
automatisms (Reihenreaktion, Leischner, 1990). Automatic word sequences may thus
be assumed to be spared in most forms of dementia (as may singing; Liiers, 1947;
Gustafson et al., 1978, p. 111). On the other hand, there is some evidence that
automatic speech may be selectively impaired after right frontal lobe or right basal
ganglia lesions (Speedie et al., 1993; Ghacibeh & Heilman, 2003). This indicates a
double dissociation of automatic and non-automatic speech. Although potentially
relevant, the contrast between automatic versus non-automatic word sequence
production has not been comprehensively studied in a sample with cognitive decline.

1.3.3.5 Motor speech function

The power of articulation is integral among human linguistic abilities. It depends on
several brain structures, including the motor cortex, basal ganglia, and cerebellum, as
well as on brain stem nuclei and motor cranial nerves involved in speech. The range of
neurodegenerative diseases that cause motor speech disorders is wide, including
Parkinson’s disease, Huntington’s disease, amyotrophic lateral sclerosis, progressive
supranuclear paralysis, multiple system atrophy, corticobasal degeneration,
spinocerebellar atrophy, and Creutzfeldt-Jakob’s disease (Duffy, 1995). Dysarthria is
considered part of subcortical dementia syndromes (Cummings & Benson, 1992),
whereas it is generally lacking in cortical dementias such as Alzheimer’s disease.
However, some patients with “atypical” AD have marked motor speech deficits (Croot
et al., 2000), as have patients with progressive nonfluent aphasia (Neary ef al., 1998).
However, motor speech function has rarely if ever been quantitatively evaluated in a
memory clinic, so the prevalence of motor speech deficits and their correlates in
different forms of primary degenerative dementia are actually unknown.

1.4 AIMS

As outlined above, there is evidence that some word fluency tests may be sensitive
indicators of early-stage cognitive decline. However, the three major types of word
fluency and their interrelationships have not been studied in a larger sample with
cognitive decline. Nor has automatic versus non-automatic word sequence production
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been investigated comprehensively in a memory clinic clientele. Likewise, the overall
occurrence of motor speech impairment remains unexplored in cognitive decline.

Given this background, the present study was aimed at investigating lexical and
articulatory aspects of speech production in the dementia of Alzheimer’s disease and
related disorders and, as to articulation, frontotemporal lobar degeneration. Specifically,
the aims were:

(1) To study the factorial structure of verb, noun, and letter-based fluency and compare
the performance on these tests in cognitive decline;

(2) To study the relations between regional cerebral blood flow patterns and verb and
noun fluency in cognitive decline;

(3) To study automatic versus non-automatic word sequence production in cognitive
decline, as well as the diagnostic predictive power of non-automatic word sequence
production;

(4) To provide preliminary data on sequential speech motion rate in Alzheimer’s

disease, mild cognitive impairment, subjective cognitive impairment, and
frontotemporal lobar degeneration.
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2 MATERIAL AND METHODS

2.1 SUBJECTS

2.1.1 Diagnostic assessment procedure

The subjects had been assessed for possible dementia at the Memory Clinic of the
Department of Geriatrics, Karolinska University Hospital, Huddinge, Sweden.
Referrals come from general practitioners, company doctors, and other specialists, for
example, psychiatrists, occupational physicians, and neurologists. Patients may also
come without referral. The memory clinic has a special commitment to Stockholm
County residents under the age of 65.

The medical examination included general physical, neurological, and psychiatric
evaluations. The global cognitive level was evaluated with the Mini-Mental State
Examination (Folstein et al., 1975). Moreover, the level of subjective and objective
cognitive impairment was rated on the Global Deterioration Scale (Reisberg et al.,
1982). Biochemical and cytological analyses of cerebrospinal fluid obtained by lumbar
puncture were performed in addition to blood chemistry tests. Brain structure was
examined using magnetic resonance imaging (MRI) or computed tomography (CT).
Digital electroencephalography (EEG) and single-photon emission computed
tomography (SPECT) were also conducted in many cases.

The subjects underwent a standardized neuropsychological examination. The test
battery targeted attention and psychomotor speed, working memory, delayed recall,
visuospatial skills, factual knowledge, and reasoning (for a detailed analysis with
special reference to the Auditory-Verbal Learning Test of Rey, see Andersson et al.,
2006). In addition, a neuromotor assessment was conducted by a physical therapist,
and skills in activities of daily living were evaluated by an occupational therapist. The
speech production data used in this thesis were drawn from speech-language
assessments made by the author.

2.1.2 Diagnostic categories and criteria

2.1.2.1 Dementia in Alzheimer’s disease

AD diagnoses were based on ICD-10 criteria in Study II-IV. Accordingly, the general
criteria for dementia were fulfilled, with evidence for a decline in memory and other
cognitive abilities sufficient to interfere with everyday activities. The medical history
and assessments did not suggest any other cause of dementia. In Study I, subjects were
classified as dementia of the Alzheimer’s type (DAT) according to DSM-IV criteria.
Neither ICD-10 nor DSM-IV diagnoses were further classified into early and late onset
subtypes. The mean age for the category was highest in Study I (see Table 1).

2.1.2.2 Mild cognitive impairment

Mild cognitive impairment (MCI) was diagnosed according to modified Petersen
criteria (Wahlund et al., 2003). They require subjective memory complaints and
objective signs of decline in any cognitive domain, with objective signs specified as test
performance at least 1.5 standard deviation unit below the age-matched mean.
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However, activities of daily living must be intact and patients not fulfil the DSM-
IV/ICD-10 criteria for dementia. MCI was part all four studies of the present thesis (see
Table 1).

2.1.2.3  Subjective cognitive impairment

Subjects in this category fulfilled neither the ICD-10 or DSM-IV criteria for dementia,
nor the modified Petersen criteria for mild cognitive impairment delineated above.
They were typically rated as Level 2 on the Global Deterioration Scale, corresponding
to very mild (age-associated) cognitive decline with no objective evidence of any
memory deficit on clinical interview, neuropsychological assessment, or in
employment or social situations. Whenever in doubt, occupational impairment was
ruled out by interviewing those in charge of the work. By definition, then, subjects in
this category had objectively normal cognition. SCI subjects were included in Study I-
IV as the objectively normal performance level (see Table 1).

2.1.2.4 Frontotemporal lobar degeneration

These subjects fulfilled the clinical diagnostic criteria for FTLD on an international
consensus conference (Neary et al., 1998). More specifically, they were classified as
frontotemporal dementia (FTD), progressive nonfluent aphasia (PNFA), or semantic
dementia (SD). FTLD subjects were included in the sample used for factor analyses of
word fluency performance in Study I and in group-level comparisons of articulatory
agility in Study IV (see Table 1).

2.1.2.4.1 Frontotemporal dementia
Subjects with FTD had marked changes in comportment and insight. Complaints about

insufficient performance and careless or peculiar behaviour were typically made at
work or at home. When confronted with such complaints, patients flatly dismissed
them or said they did not care. While erratic, forgetful, and inattentive in everyday life
as well as in cognitive testing, subjects with FTD did not appear profoundly amnesic.
In late stages, spontaneous speech was reduced concomitant with a general apathy.
Echolalia and verbal perseverations were often observed. Two cases in this category
showed signs of motor neuron disease late in the course and a third case had such
signs, including a mild dysarthria, at the time of motor speech assessment in Study I'V.

2.1.2.4.2 Progressive nonfluent aphasia
PNFA subjects had non-fluent spontaneous speech, impaired repetition, and anomia.
However, the anomia was of the word-production type (Benson, 1979) rather than the

semantic type seen in SD. Apraxia of speech was marked in some patients, with
irregular articulatory breakdowns, phonetic paraphasias, and stuttering-like iterations.
Their speech became unintelligible within a few years. Other patients, however, had
sparse spontaneous speech with short but intelligible utterances. Single-word
comprehension was preserved in early stages and in no case was prosopagnosia noted.
A disproportionate deficit in reading and spelling pseudowords was sometimes
observed, consistent with the pattern of phonological alexia and agraphia. One case
developed signs of motor neuron disease.
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2.1.2.4.3 Semantic dementia
Participants in this group had fluent spontaneous speech with normal articulation and
prosody as well as prima facie normal sentence structure. Single-word repetition was

preserved, whereas picture naming was severely impaired and not facilitated by
prompting; moreover, patients could not reliable select the target word among
distractors related in meaning, a pattern consistent with semantic anomia (Benson,
1979). Forced-choice semantic decision tasks typically resulted in chance-level
performance and aliénation du mot, that is, lack of word recognition despite adequate
repetition abilities. Some SD subjects developed odd idiolects involving overextension
or, in one case, syntactic reduplication (Lindstrom, 1999). Pseudowords were
appropriately spelled on dictation whereas real words with atypical orthography tended
to be spelled according to a phonetic first-hand guess, a pattern consistent with surface
agraphia. Conversely, words with atypical grapheme-phoneme relations were read
aloud with regularization errors analogous to those in spelling while pseudowords were
read appropriately, a profile matching surface alexia. Naming and recognition of
famous faces was poor, indicating prosopagnosia, as was semantic categorization of
pictured objects, consistent with associative agnosia. On case developed motor neuron
disease several years after the onset of cognitive symptoms.

2.1.2.5 Other diagnoses

26 cases pertaining to other diagnostic categories formed part of the sample on the
basis of which explorative factor analyses were conducted in Study I. They were not
included in group-level comparisons owing to the small number of cases in each
group. The categories included nine cases of anterograde amnesia diagnosed according
to the R 41.1 code of the ICD-10, eight cases of unspecified dementia, six cases of
vascular dementia, one case of dementia in Parkinson’s disease, one case of traumatic
aphasia, and one case of unspecified focal brain lesion.

Table 1. Number of subjects and mean age and MMSE score in the major diagnostic

categories.
Category Study | Study 11 Study 111 Study IV

N Age MMSE N Age MMSE N Age MMSE N Age MMSE
AD 57 720 228 33 648 234 69 663 235 58 66.0 235
MCI 60 667 27.1 30 605 27.6 99 612 277 89 612 27.6
SCI 40 61.7 288 30 569 293 66 580 292 60 57.6 29.1
FTLD 16 - - - - - - - - 29 615 -
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2.2 METHODS

2.2.1 Word fluency (Study I and II)

Study I involved three different word fluency tests: letter-based fluency, noun fluency,
and verb fluency. In Study II, verb and noun fluency data were employed. Scores
consisted of the number of appropriate words produced during each one-minute test,
divided into six ten-second intervals to yield data on word production across time. The
initial letters F, A, and S were used in letter-based fluency. Proper names, numerals,
and inflections of previous words were not allowed. The category used for noun
fluency was animals, and human activities (“things that people do””) was used for verb
fluency.

2.2.2 Word sequence production (Study IlI)

Subjects were instructed to produce the names of the months as quickly as possible in
the forward direction. After that, they were instructed to recite the months backward as
quickly as possible. The time for each task was taken with a chronograph and errors
were noted. Subjects who initially felt that the backward task would be very difficult
were encouraged to try their best.

2.2.3 Sequential speech motion rate (Study Il and V)

The “pataka” task was used to measure sequential speech motion rate in Study III and
Study IV. It requires rapid alternation between three places of articulation: bilabial for
[p], dental or alveolar for [t], and velar for [k]). Subjects were instructed to take a deep
breath and repeat the syllable sequence [pataka] as quickly and evenly as possible for
ten seconds. This relatively long measurement interval was used to potentially increase
the sensitivity of the test. Additional demonstration and preparation were given as
needed. Sequential speech motion rate was calculated as the number of correctly
repeated syllables per second.

2.2.4 Single-photon emission computed tomography (Study II)

Subjects in Study II underwent a SPECT scan as part of their assessment for possible
dementia. The scan was performed at the Department of Radiology, Karolinska
University Hospital, Huddinge, usually within four days from verb and noun fluency
testing. Subjects were injected with 1000 Mbq Tc-99m hexamethylpropylenamine
oxime (Ceretec, Amersham Ltd). Data acquisition started 30 minutes after the injection,
using a single-headed rotating gamma camera (Siemens Diacam) in 64 projections,
evenly spread through 360°. The total acquisition time was 32 minutes. Tomographic
slices were reconstructed using an iterative algorithm (Hosem, Nuclear Diagnostics
AB, Sweden) with Chang attenuation correction. The attenuation coefficient was 0.12
cm . The data were formatted as a three-dimensional data set with 64 x 64 x 64 cubic
voxels with 3.5 mm sides. The resolution in a tomographic slice was 10.2 mm full
width at half maximum. The data sets were post-filtered with a Butterworth filter,
cutoff 1.0 cm ™.

The BRASS software was used for image registration and quantification (Radau et al.,
2001). The relative blood flow in selected brain regions was calculated as cerebellar
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ratios (mean count per voxel of region/mean count per voxel of bilateral cerebellar
cortex). The information obtained from the scans consisted of measurements of relative
blood flow (cerebellar ratios) in 42 brain areas normalized to four cerebellar regions.
The blood flow in the left and right lentiform nuclei and left and right anterior cingulate
gyri was not reduced in any of the subjects. These four variables were therefore
excluded from further analysis.

2.2.5 Statistical analysis

2.2.5.1 Studyl

Factor analysis was used to explore the factorial structure of the word fluency data set.
The word fluency data was first analysed using principal axis factoring with orthogonal
(varimax) rotation, followed by maximum likelihood factoring with oblique (direct
oblimin) rotation. Oblique rotation allows factors to be correlated. The maximum
likelihood method yields a * goodness-of-fit test based on residuals. The resulting
factor scores were used to compare performance in the three major diagnostic
categories (SCI, MCI, DAT) on each word fluency factor. Moreover, multiple analysis
of covariance was applied to the raw scores from word fluency intervals 1-6 for each
test. Diagnostic category (SCI, MCI, DAT) was included as the independent variable,
age and sex as covariates, and type of word fluency test (verb, noun, letter-based) as
within-subject factor. Post hoc analyses were conducted using Scheffé’s test or the LSD
post hoc analysis in repeated measures. The SPSS and Statistica packages for
Macintosh were used in the analyses.

2.2.5.2 Study Il

Principal axis factoring with varimax rotation was conducted on the SPECT data to
reduce the number of variables into a set suitable for multiple regression analysis.
Factors with eigenvalues above one were retained following the Kaiser criterion. Verb
and noun fluency data were likewise analyzed with principal axis factoring. Multiple
regression analyses were conducted with scores from each word fluency factor (noun
and verb) as the predicted variables, and SPECT factor scores together with age and
education as predictor variables. Multiple analysis of variance (MANOVA) was
applied to assess differences in hypoperfusion factor scores between the three
diagnostic groups, diagnosis x fluency type interactions, and diagnosis x fluency
interval interactions. The Fisher LSD test was used in post hoc analyses. All analyses
were conducted using the Statistica package, version 4.1.

2.2.5.3 Study IIl

Group-level parametric significance testing was conducted with a 3 x 2 MANCOVA
followed by Scheffé’s post hoc analysis. Prediction of diagnostic category membership
was based on binomial logistic regression analyses. Another binomial logistic
regression analysis was conducted to assess the impacts of diagnostic category, age,
and education on months backward response accuracy. A Kruskal-Wallis ANOVA was
performed on the response accuracy data followed by Mann-Whitney U tests for
pairwise diagnostic comparisons. The rejection level was set to 0.05 in all analyses. The
Statistica package, version 7.1, was used.
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2.2.5.4 Study IV

A 3 x2 ANCOVA with age as a covariate was run to examine the effects of diagnostic
category and sex on sequential speech motion rate. Post hoc analysis was conducted
with Scheffé’s test. Within-group variance was heterogeneous across the three major
diagnostic categories, so differences obtained were corroborated with a Kruskal-Wallis
ANOVA followed by multiple comparisons. Owing to the unequal group size situation,
comparisons with frontotemporal lobar degeneration syndromes were conducted with
the nonparametric Mann-Whitney U test. The Statistica package, version 7.1, was used
as the computational tool, and the significance level was a = 0.05 in all analyses.
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3 RESULTS AND DISCUSSION

3.1 STUDY |: THREE TYPES OF WORD FLUENCY IN COGNITIVE DECLINE

This study compared verb, noun, and letter-based fluency performance in a sample with
cognitive decline. Our basic approach was to explore the factorial structure of the data
set. A principal factor analysis with orthogonal rotation resulted in a three-factor
solution, roughly corresponding to the three types of fluency test. However, loadings
were shared on the third factor, and the plot of loadings indicated a need for oblique
rotation. Using maximum likelihood factoring with oblique rotation, a three-factor
solution was arrived at, with factors corresponding approximately to each type of
fluency test (see Table 2). Factor loadings ranged from fair to excellent (> 0.71,
indicating 50 % overlapping variance). The factor correlation matrix showed that factor
correlations were relatively large (letter-based and noun fluency, 0.72; letter-based and
verb fluency, 0.61; verb and noun fluency, 0.55) and thus indicative of covariance
between factors.

Table 2. Factor loadings based on maximum likelihood factoring with oblique rotation.
Loadings > .30 are boldface.

Factor loadings

Factor
1 2 3
FAS1 .643 202 -.010
FAS2 .807 .032 .055
FAS3 778 .057 .086
FAS4 .840 —-.074 .051
FAS5 929 -.061 -.023
FAS6 756 .067 .095
VERBI .052 298 .046
VERB2 139 220 436
VERB3 212 279 342
VERB4 073 213 517
VERBS5 .054 011 .659
VERB6 .097 -.052 .660
ANIM1 223 .766 -.250
ANIM2 -.031 642 .139
ANIM3 .021 471 313
ANIM4 —.084 674 .085
ANIMS 298 .388 .045
ANIM6 .059 543 .003

Differences between the three major diagnostic categories are succinctly summarized on
the basis of factor scores estimated for each case; these data were not presented in the
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published article. The mean factor scores for SCI, MCI, and DAT are shown in Figure 1.
It will be noticed that verb fluency performance was comparatively weak only in MCI,
whereas DAT was characterized by a disproportionate noun fluency deficit. Verb
fluency dropped distinctly during the later intervals in MCI. These intervals moreover
generated the strongest loadings on the verb fluency factor (see Table 2), suggesting that
performance during this part of the test is most relevant to MCI in this sample.

Mean factor score

1.2 : — : . .
~e. DAT
8 ~x. MCI
~. SCI
4t
Ot
-4 b b\

Letter Verb Noun

Fluency factors

Figure 1. Mean factor scores for DAT, MCI, and SCI for each fluency
factor.

Verb fluency deficits have so far been linked to disorders associated with striatal and
cerebellar pathophysiology, including idiopathic Parkinson’s disease (Piatt ef al., 1999a;
Signorini & Volpato, 2006), HIV-1 infection (Woods et al., 2005; Woods et al., 2006),
schizophrenia (Woods et al., 2007), and Friedreich’s ataxia (de Nobrega et al., 2007).
However, the MCI category in this study did not include cases known to have frontal
lobe, extrapyramidal, or cerebellar disorders. It may therefore be asked why this group
had a relatively weak verb fluency performance. One possibility is that verb and noun
fluency depend on partly different brain structures that are also differently affected in
MCI and DAT. The amnestic type of MCI is thus generally characterized by medial
temporal lobe pathology, whereas the stage of dementia appears to be associated with
the spread of pathology beyond this region to the higher cortical association fields
(Braak & Braak, 1991; Petersen et al., 2006). However, because of the rich connections
of the medial temporal lobe cortices, with an efferent trunk to the frontal region, it is
possible that relatively circumscribed mediotemporal pathology might cause subtle
impairments similar to those seen in frontostriatal disorders.
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3.2 STUDY II: SPECT CORRELATES OF VERB AND NOUN FLUENCY
This study investigated whether verb and noun fluency have different brain correlates in
patients with cognitive decline. Principal axis factoring of the SPECT variables resulted
in seven hypoperfusion factors with eigenvalues above one. Based on the regions from
which they received their substantial loadings, they were labelled Subcortical,
Dorsofrontal-Central, Orbitofrontal, Temporal Lobe, Parietotemporal-Occipital,
Brainstem, and Superoparietal-Central.

Figure 2. Localization of hypoperfusion factors. BS — brainstem; DF-C — dorsofrontal-central;
OF — orbitofrontal; PTO — parietotemporal-occipital; SBC — subcortical; SP-C —
superoparietal-central; TL — temporal lobe.

Principal axis factoring performed on the temporally-resolved word fluency data yielded
one verb and one noun factor. SPECT factor scores were used as predictor variables in
multiple regression analyses together with age and years of education to predict noun
and verb fluency performance. Different predictor sets ensued for the two fluency types.
Verb fluency was thus significantly predicted by years of education (p =0.42, p <0.001)
and the Temporal Lobe factor (p =—0.24, p < 0.01), whereas noun fluency was
significantly predicted by age (B = —0.44, p <0.001) and the Parietotemporal-Occipital
factor (p =—0.21, p <0.05). Years of education thus emerged as a positive predictor for
verb fluency, and age as a negative predictor for noun fluency. These results agree with
those obtained for healthy controls by Tallberg ez al. (2008). Two SPECT factors had
significant beta weights in the negative direction, suggesting that decreased perfusion
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parietotemporal-occipital region specifically impairs noun fluency performance, while
decreased temporal perfusion specifically impairs verb fluency performance.

3.3 STUDY Ill: WORD SEQUENCE PRODUCTION IN COGNITIVE
DECLINE
This study was concerned with forward versus backward word sequence production and
its potential diagnostic relevance. The performance measures were the speech
production time and correctness for each test. There were significant differences
between all three diagnostic categories in backward speech production time, but not in
forward production time (see Figure 3). On average, the MCI category needed twice the
time of objectively unimpaired subjects to complete the backward task, and errors were
more common. A few subjects with AD were unable to even initiate the backward test,
and a majority performed it inaccurately. The average backward production time for AD
was strongly increased.
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Figure 3. Interaction between diagnosis and direction (forward vs. backward) in word sequence
production. Vertical bars denote 0.95 confidence intervals.

Based on these results, the diagnostic predictive power of the Months Backward test was
calculated with binomial logistic regression analyses. The predictive power of the
widely-used Mini-Mental State Examination (MMSE) was calculated for comparison.
The diagnostic sensitivity and specificity was roughly equivalent that of the more time-
consuming MMSE, but Months Backward had better specificity in the diagnosis of MCI
versus SCI. That being so, Months Backward might prove useful in the detection of
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early-stage dementia. The task arguable involves aspects of both declarative memory
and executive abilities that are affected in the early stages of cognitive decline.

3.4 STUDY IV: ARTICULATORY AGILITY IN COGNITIVE DECLINE

In addition to the three large categories AD, MCI, and SCI, this study included all
speech motor data from cases frontotemporal lobar degeneration syndromes available at
the memory clinic (N = 29). Sequential speech motion rate differed significantly among
the diagnostic categories (see Figure 4).
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Figure 4. Frequency scatterplot of sequential speech motion rate (SSMR) across

diagnostic categories.

MCI participants had a modest reduction in overall rate as compared to SCI, but did not
differ significantly from AD. FTD did not differ significantly from AD, but had
significantly lower rates than MCI. Patients with SD did not differ significantly from
SCI participants, but performed superior to all other groups including MCI. Around 10%
of MCI and AD subjects had strikingly low sequential motion rates, with performances
at least 2.2 standard deviation units below the mean for SCI. The factors behind this
reduction are unknown. One possibility is that subcortical changes impair tracts or basal
ganglia structures involved in speech motor structures, resulting in subtle articulatory
decrements that show up more markedly during stringent testing. Subcortical white
matter changes are common in AD, especially so in carriers of the € 4 allele of
apolipoprotein E (Bronge ef al., 1999). Non-specific white matter changes are also seen
in MCI, but their clinical significance remains uncertain; at any rate, they have no effect
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on the disease progression rate as measured by the MMSE (Bronge & Wahlund, 2003).
Another possibility is that early predilection sites of the primary degenerative process
interfere subtly with articulatory agility. Among such sites may be mentioned the
anterior parahippocampal region, the noradrenergic locus coeruleus complex, and the
cholinergic forebrain nuclei. Each may influence motor activity through its connections
with other brain structures. The cholinergic nucleus subputaminalis of Ayala is of
special interest. It may be specific to Homo sapiens, is bilaterally asymmetric (larger on
the left), and projects to the posterior part of the inferior frontal gyrus (Simi¢ ez al.,
1999).
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4 GENERAL DISCUSSION

4.1 SPEECH PRODUCTION TASKS

The present thesis was concerned with lexical and articulatory performance in samples
drawn from a memory clinic clientele. The lexical tests included word fluency and word
sequence production tests. These tests are different in character. Most word fluency tests
target large or extremely large word sets (e.g. most words that begin with the letter F).
Whereas the basic performance measure in word fluency is the number of appropriate
words uttered, additional data can be derived from the output. For example, Pekkala et
al. (2008) used semantic fluency tasks to elicit different types of perseveration
(recurrent, continuous, and stuck-in-set) in subjects with different degrees of AD. In this
study, scores were divided into six ten-second intervals following the procedure used by
Fernaeus & Almkvist (1998) in their study of letter-based fluency. Word fluency
typically follows a sloping curve, indicating that it becomes increasingly difficult to
bring new words to mind during the test. In verb fluency, this tendency was accentuated
in MCI (Study I). The last intervals of verb fluency also generated the strongest loadings
on the verb fluency factor, and a diagnostic comparison based on mean factor scores
indicated a relative decrement on verb fluency only in MCI. The apparent verb fluency
deficit in MCI is paradoxical for two reasons. First, decreased verb fluency has so far
been reported only in disorders thought to be associated with pathology of striatal (and
possibly also cerebellar) loop components. Striatal or cerebellar pathology was not a
feature of MCI in this sample. Secondly, as noun fluency is considered to be impaired
relatively early in AD, one would expect this tendency in MCI too, given that incipient
AD pathology is likely to be represented in the MCI group. Our subsequent study based
on SPECT data explored whether performance in verb and noun fluency was associated
with different patterns of reduced blood flow in the brain. Subjects in this study were
somewhat younger than in Study I, perhaps reflecting a tendency for more extensive
brain imaging assessment in younger patients. Differential prediction sets emerged for
verb and noun fluency, with verbs predicted by temporal hypoperfusion and nouns
predicted by parietotemporal-occipital hypoperfusion. According to these results, then,
verb fluency decrease was not associated with frontostriatal pathology. Actually,
however, studies that have attributed impaired verb fluency to frontostriatal disorders
have so far not demonstrated a link between measures of frontal or striatal structures and
verb fluency performance. The emergence of temporal lobe hypoperfusion as a
significant predictor in a regression model suggests that pathophysiology in this region
has at least some influence on verb fluency performance that goes beyond the effect of
qualitatively different variables such as years of education, and also differs from the
parietotemporal-occipital pathophysiology associated with impaired noun fluency
performance. Data derived from structural brain imaging, such as ratings of subcortical
white and grey matter changes or cortical volumetry, might disclose other and more
detailed correlates of verb fluency in MCI and AD. For letter-based fluency it was
shown that performance in the initial interval is specifically impeded by anterior white
matter hyperintensities on MRI, in particular in the left frontal or lateral periventricular
region (Fernaeus ef al., 2001). A qualitative difference between initial and later intervals
in semantic fluency tests is also likely to exist, in so far as initial production may rely on
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associative lexical memory relatively resilient to cognitive decline (e.g. dog — cat),
whereas production during later intervals would require an ability for ratiocinative
imagination when such associative links have been exhausted (Fernaeus et al., 2008).

It is an old observation that “automatic” language is often retained in aphasia and
dementia and may then interfere with spontaneous speech as speech automatisms.
Included in automatic speech are word sequences such as the numerals, days of the
week, the names of the months, etc. Such sequences are part of every adult’s vocabulary
and are acquired largely through procedural learning during childhood. In contrast to
word fluency tasks, the lexical content targeted in word sequence production is
extremely limited. Interestingly, they can be said to typify the compositional character of
declarative memory emphasized by Cohen et al. (1997): they are acquired and make
sense as a complex whole, but the lexical items they consist of are also used individually
and flexibly. The compositional quality of declarative memory thus allows one to think
through for example the months backwards in retrospection or to use their names
individually in discourse as when discussing past and future events. Clearly, however, a
sequence such as the months can be very quickly recited in forward direction, whereas
recitation in reverse order not only takes time but also requires some mental effort. This
aspect of word sequence production becomes intensified in cognitive decline; few MCI
and AD patients have any trouble recalling the months quickly, but they have marked to
severe difficulties of reverse recall of the same sequence. One source of problems with
reverse sequence recall may be that the compositional character of declarative memory
becomes impaired in cognitive decline. Impaired individual may thus easily recall the
sequence as a totality, but lose the ability to use its constituent items flexibly. A
corollary of this interpretation is that AD patients would also have trouble answering
questions such as “which is the ninth month of the year.” Another source of problems
with reverse recall would be difficulties in overcoming strong habitual responses, as
with the usual sequential order. This problem would be part of what is referred to
executive dysfunction. To be sure, some patients with cognitive decline are also more or
less impaired in forward word sequence production, although they are a small minority
in the sample studied. This decrement is possibly associated with distinct brain lesion
patterns, striatal or cerebellar, and such data could increase the diagnostic value of word
sequence production. In patients with more pronounced cognitive dysfunction, such as
AD, a more detailed measure of the sequential response in addition to response time
may be useful to avoid floor effects in the backward response mode. This might include
the number of correct consecutive responses, number of omissions, transpositions, or
repetitions, or a measure based on a combination of these variables.

The most basic speech production test in this study was the sequential speech motion
rate or “pataka” task used in Study III as a covariate and subjected to detailed analysis
with an expanded sample in Study IV. It is frequently used by speech-language
pathologists and phoniatricians to assess articulatory agility in patients with dysarthria or
apraxia of speech. In this study, a relatively long measurement interval (10 sec) was
used. The rationale was that a longer measurement interval would be more demanding
and therefore appropriate in a clientele with, usually, no obvious signs of motor speech
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impairment. It must be conceded that the single measure employed in this study is very
far from an exhaustive assessment of motor speech function. However, because the
majority of subjects did not have any apparent motor speech disorders, an entire
dysarthria battery would in all likelihood have yielded mostly ceiling results. Also, given
the demands for clinical testing in a memory clinic, such a time-consuming battery
could not have been performed in a large consecutive series of patients. On the other
hand, more information may be derived from the sequential speech motion rate test than
was used in this study. Recorded speech samples could be used for detailed acoustic-
phonetic measurements. Such data could prove useful in conjunction with for example
morphometric brain data or ratings of white matter changes. Given these provisos, the
study provided some preliminary data of potential interest. For unknown reasons,
sequential speech motion rate was clearly decreased in a subset of the MCI and AD
samples, with no overall difference between these two groups. SD had superior rates to
all other diagnostic categories and did not differ from objectively unimpaired controls.

4.2 SUBJECTS

As will be noticed in Table 1, subjects in this study were relatively young on average.
This raises questions about whether the findings obtained can be generalized to other
samples. This is admittedly doubtful for a number of reasons. The memory clinic in
which the data were collected is a secondary or tertiary level clinic with a special
commitment to relatively young patients in the Stockholm County. There is thus a bias
towards young and “difficult” cases. This might affect the etiologies represented in the
sample, since the prevalence of some dementias varies with age. FTLD is thus typically
a disorder with presenile onset, whereas AD becomes more prevalent in old age.
Argyrophilic grain disease is a frequent neuropathological finding, either in isolation or
concomitant with other brain pathologies such as AD. Because clinical criteria are
lacking at present, it is not widely known among clinicians and absent from clinical case
series using standard diagnoses. However, almost half of the MCI cases reported by
Petersen et al. (2006) had argyrophilic grain disease, and these patients were in their 80s
or 90s when they died. Cerebrovascular changes also increase with age. When this study
started, vascular dementia was an infrequent diagnosis at the Karolinska memory clinic
(4 %; Wahlund et al., 2003). In 2005, the proportion of vascular dementia had dwindled
to 2 % (Andersson, 2007, p. 22). Similarly, Lewy body disease was conspicuous by its
absence among the subjects in this study. It may be asked whether it was indeed lacking,
or whether it was to some extent “hidden” among AD and MCI cases. Only long-term
follow-up can give information on the prognosis and definitive diagnoses in the cases
studied. What can be done in cross-sectional studies is to link specific signs and
symptoms to neurobiological correlates, as was attempted to a limited extent in this
thesis (Study II).

Another weakness was the absence of quantitative measures of depression that might
have been utilized in multivariate analyses. At most, Cornell scale ratings were available
for a third of the subjects in Study III. Such measures would have been of potential
importance, as major depression is associated with word-finding difficulties even in
patients on antidepressant treatment (Georgieff ef al., 1998). Neither was there any
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systematic check of medications used by the subjects that might have influenced
performance on the speech production tests, such as anticholinergic drugs (note that
low-dose antimuscarinic treatment may actually facilitate letter-based fluency in normal
subjects; Pompéia et al., 2002). At any rate, the AD patients were not on acetylcholine
esterase inhibitors, as they as a rule went through their first examination for dementia at
the memory clinic.

A limitation of the study was the use of subjects with subjective memory complaints
(SCI) as the controls. A counterpoise is that the selection of SCI, MCI and AD as the
main experimental groups brings the study closer to clinical reality, where the task is
rarely that of comparing healthy asymptomatic individuals with those objectively
impaired. Rather, the challenge is to separate benign forgetfulness from subtle but
objective clinical signs. The use of SCI as a control group vis-a-vis MCI and mild AD is
thus relevant from a clinical perspective. It should be recalled that the SCI group was
objectively unimpaired by definition and had passed an extensive standard clinical
assessment procedure under the same conditions as MCI and AD participants. This is
seldom the case with healthy controls. The SCI category itself deserves further study
from various aspects. However, this was considered to go beyond the scope of the
present thesis.

Finally, subgroups of FTLD were used in comparison with MCI and AD in the study of
articulary agility. Each of the FTLD subgroups was limited in number, reflecting the
relatively low prevalence of FTLD even at a specialized memory clinic. Data collection
for these groups therefore is a usually a long-term process which could be speeded up
somewhat by multi-centre collaboration.

4.3 CONCLUSIONS AND FUTURE DIRECTIONS

- Verb fluency, noun (animal) fluency, and letter-based fluency can be regarded as
distinct word production tests although covariant to some extent. In MCI, verb fluency is
the most difficult test, with a decline in performance particularly during its later
intervals. In AD, noun fluency is disproportionately impaired. Further research is needed
to determine the neurobiological correlates of verb fluency performance in different
disorders associated with cognitive decline.

- Verb fluency and noun fluency have different predictive sets. Verb fluency is predicted
by educational level, whereas noun fluency is not. Conversely, noun fluency is
negatively predicted by age, whereas verb fluency is not. In this regard, verb fluency
agrees with letter-based fluency according to previous studies. For verb fluency,
temporal lobe hypoperfusion was the only SPECT predictor. For noun fluency,
parietotemporal-occipital hypoperfusion was the only SPECT predictor. The relation of
verb fluency to striatal loop function proposed in recent publications should be
addressed by detailed brain imaging studies.

29



- Forward word sequence production is relatively spared in cognitive decline. Backward
word sequence production is clearly impaired in MCI and devastated in AD. Two
variables from a backward word sequence production test (correct vs. incorrect and
speech production time) have a diagnostic predictive power approximately equal to the
MMSE. Subordinate abilities involved in this task, and their neural correlates, should be
explored.

- Preliminary data on sequential speech motion rate in cognitive decline indicate that a
subset of MCI and AD cases have markedly decreased rates. As a consequence, overall
rates are modestly but significantly reduced in MCI and AD. More marked decrements
are seen in FTD and in particular in PNFA. SD is set apart by rates superior to the other
four categories. Subtle articulatory decrements and their relations to different brain
changes remain to be investigated in primary degenerative dementia and related
disorders.
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