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ABSTRACT

The purpose of the present study was to characterize Age-associated memory impairment (AAMI) using
clinical, neuropsychologica, neuroradiologica and neurophysiological methods. A further aim was to evauate
the relationship between Apolipoprotein E (ApoE) e4 dlee and cognitive functions, structural and functional
neuroimaging findings among elderly individuas without dementia. Diagnostic criteria of AAMI proposed by
the Nationa Institute of Mental Health were used.

The population based study comprised of 90 ederly individuas, 43 of whom were AAMI subjects and 47
were hedthy controls. There were no significant differences between these two groups in volumes of the
medial tempora lobe structures on magnetic resonance imaging (MRI) or regiona cerebral metabolism on
single photon emission tomography (SPECT). The AAMI neuropsychological and neurophysiological findings
suggested impairments in attentional processes, dysfunction of the frontal, executive attention system, and the
subsequent effect of this on the memory function may have contributed significantly to the memory deficis
which are characteristic to AAMI. These findings are in agreement with previous reports which suggest that
fronta lobe dysfunction plays an important role in the memory loss of ederly people. Thus, AAMI appears
more likely to be a phenomenon of norma aging rather than a continuum from normal aging to a pathologic
state such as Alzheimer’s disease.

Out of the 90 subjects, 34 participated in afollow-up study 2.8 years later. Volumetric hippocampal atrophy
occurred a a similar rate in both the AAMI and control groups. The subjects with AAMI had more
pronounced episodic memory deterioration than the controls. Furthermore, they showed a higher frequency of
the e4 dlele (0.47) compared to the control subjects (0.16). The follow-up of the AAMI subjects suggested
that AAMI, in generd, is nonprogressive but the criteria for AAMI might select more e4 carriers than non-
carriers among ederly individuas.

The study group was aso divided into two groups according to each subject’s ApoE e4 status. In the e4
carriers, the rate of memory decline was greater than in the non-carriers although hippocampa atrophy
occurred at asimilar rate.

The study demonstrated that the AAMI diagnosis appears to identify a very heterogeneous group of
subjects and does not, of itsdlf, predict the presence of incipient dementia. In contrast, the ApoE e4 dlele may
be a marker for accelerated cognitive aging. Thus, the e4 carriers form one risk group for progressve
memory decline among the elderly. In addition to this genetic (ApoE) testing, the results underscore the need
to develop new sensitive diagnostic tests to predict the presymptomatic and very mild stages of AD, where
therapeutic intervention might be more effective.

Nationd Library of Medicine Classfication: WL 359

Medical Subject Headings: memory disorders; dementia; Alzheimer disease; neuropsychological tests; apolipoproteins
E; tomography, emission-computed, single-photon; magnetic resonance imaging; electroencephalography; evoked
potentials
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1. INTRODUCTION

The continuing increase in the proportion of ederly people in the population has led to an increase in
awareness and interest of diseases that affect cognitive function in the ederly. Alzhaeimer’s disease (AD)
accounts for 70% of al cases of late-onset dementia (after 65 years of age). Since the incidence of AD
doubles every 5 years after 60 years of age (Terry and Katzman 1994, Tanzi et a 1996), the incidence of
AD is expected to increase further as more people live to advanced ages. Characteristic neuropathological
features of AD include neurofibrillary tangles (NFTS), and extracdlular deposits of b-amyloid protein (Ab)
in senile plaques (SPs). However, AD seems to be etiologicaly as well as geneticaly heterogeneous, with
probable interactions between genetic and nongenetic factors. Three "causative’ genes, have been
identified in early onset familid AD. There is one " susceptibility” gene, the Apolipoprotein E (ApoE) gene,
which affects risk and age of the onset of AD. This was origindly identified in late-onset familid AD.
Accumulation of NFTs and Ab is dso much less extensive in individuas who reached advanced ages
without clinicd dementia (Terry et d 1987, Hansen et d 1988, Terry and Katzman 1994).

Throughout adult life, dl physologicd functions gradudly decline (Rudman and Rao 1992). The amount
of days with redricted activity and the number of admisson to hospitals and nursng homes sharply
increases after the age of 70 years (Kosorok et d 1992). Mogt dderly individuds will die from
atherosclerogs, cancer, or dementia. Digtinguishing AD from norma aging has been a recurring nosologica
and diagnostic problem (Drachman 1983, Berg et d 1988, Morris et d 1991). Congderable evidence
indicates that the neurodegenerative process of AD commences long before dementia is gpparent. The
sudy of Ohm et d. (1995) suggests that Alzheimer-like neurcfibrillary changes may begin 50 years before
the onsat of visble cognitive symptoms and that the process is influenced by ApoE genotype. Enviromental
risk factors mogt likely interact with genetic risk factors to determine the age of onset (Finch and Tanz
1997).

To respond to a growing interest in initiating drug trids to arrest or reverse aging related cognitive
changes among the hedthy ederly, in 1985 the Nationd Ingitute of Mentd Hedth (NIMH) convened a
working group to develop research diagnogtic criteria for identifying hedthy older adults with memory
impairment. These Age-Associated Memory Impairment (AAMI) (Crook et d 1986) criteria include the
presence of complaints of graduad memory loss in everyday activities of daily life in persons older than the
age of 50, objective evidence of impairment on a standardized memory test as compared with the mean
established for young adults, evidence of adequate intellectud function, and absence of dementia or any
medical condition that could contribute to cognitive deterioration. The AAMI criteria leave open the
quedtion of the progresson in the condition: is AAMI a phenomenon of normd aging rather than a
continuum from normd aging to a pathologic sate such as AD.

In the future, the need for an early diagnosis of dementia will be of vitd importance trestment of this
disease is expected to be more successful in the early stages before changes in the brain have become
gructurd (Jolles et d 1995). In addition, it is of great importance to have diagnostic methods which
accurady differentiate those patients with mild dementia from those with more benign forgetfulness,
because of the public’s growing awareness of dementia as a mgor hedth problem and the corresponding
anxiety associated with this awareness (Commissaris et d 1993, 1994). As currently there are no objective
in vivo markers for AD, then neuroimaging, for example with magnetic resonance imaging (MRI),
electroencephaography (EEG), positron (PET) or single photon emission tomography (SPECT), of typica
sructurd or functiona changes that are able to support the very early diagnosis of AD would be of greet
importance. Previous reports have suggested that there are some neurophysiologicd, structurd and



metabolical factorsin the brain characteristic for AAMI subjects (Soininen et d 1994, 19953, Parnetti et a
1996), but these findings are not yet firmly established.

The present study is part of alarger project to investigate the nature of cognitive decline in aging and the
relationship between norma aging and dementia. The study is based on a series of 90 patients who were

randomly sdlected from a population of 578 individuas who participated in the sudy of AAMI prevaence
in the Kuopio city area.



2. REVIEW OF THE LITERATURE
2.1. Normal aging

| can live with my arthritis, My dentures fit me fine,
| can see with my bifocals, But | sure do miss my mind (Anonymous).

Aging is one of the absolute certainties of life. In many populations the proportion of elderly people is
growing steedily, particularly the proportion of the more ederly. Aging is accompanied by a progressve
but varidble deterioration in hedth. The importance of aging is obvious in both the decline of cognitive
function in the ederly and the vulnerahility of the aging nervous system to degenerative diseases (Drachman
1997).

Investigators involved in aging studies have recognized the importance of separating pathologic changes
from those that could be atributed to aging per se. Thus, for physiologic studies careful guideines have
been developed to exclude individuds whose age-determined responses and behaviors might be
contaminated by specific disease processes (Rowe and Khan 1987). Results from the population remaining
after such exclusions have then been interpreted as representing “normd” aging.

Throughout adult life, dl physologicd functions gradudly decline. There is a diminished capecity for
cdlular protein synthesis, a decline in immune function, an increase in fat mass, a loss of muscle mass and
strength, and a decrease in bone minerd densty (Rudman et Rao 1992). Part of the aging process affecting
body composition might be related to changes in the endocrine system (Korenman 1982, Rudman and Rao
1992, Lamberts et d 1997).

Within the category of normd aging, a disinction can be made between usud aging, in which extrindc
factors, such as diet, exercise, persond habits, and psychososid factors, heighten the effect of aging aone,
and successful aging, in which extringc factors play aneutrd or postive role. Genetic factors, life style, and
community investments in a safe and hedthy environment are important aspects of succesful aging. The
people in the usua aging group would perform a a lower levd than they did previoudy, and those in the
successful aging group would be able to continue active and crestive lives. Nontheless, the problem of
normal / abnormd definition will recur (Rowe and Khan 1987).

Although age-based generdizations of declining cognitive functioning rdating to younger subjects have
dominated the literature, the heterogeneity of cognitive aging is beginning to attract serious attention.
Increased variability in performance is reported among older subjects on a range of tests (Morse 1993,
Christensen et d 1994), with sgnificant numbers of older subjects performing within the range of younger
subjects (Schaie 1988, Albert 1993, Daffner et a 1994).

2.2. Cognitive functions

Cognition (lain; cognoscere = to know) refers to “all aspects of perceiving, thinking and
remembering” (Dorland’s Illustrated Medicad Dictionary, 1988). The main domains of cognition are
memory, executive functions, abstraction, problem solving, visuospatid ability, and language.

Many different types of modds and terms are used by different authors to describe memory functions.
Squire and Zola-Morgan (1988) proposed a distinction between declarative and non-declarative memory.
Declarative (explicit) memory refers to conscious recollections of facts and events and depends on the



integrity of the mediad tempord lobe. In particular, the hippocampus, has an integrative and temporary role
for encoding new memories and binding together the different memory stores of the neocortex. During
information processing, structural or plastic changes occur in the syngpses associated with learning, and
more permanent memory develops (DeKosky and Scheff 1990). There is the unidirectiona flow of
information through the perforant pathway, which originates in layer Il of the entorhina cortex (EC) and
terminates in the outer molecular layer of the dentate gyrus, thus providing the key interconnection between
the neocortex and the hippocampus (Amaral and Witter 1989, Witter et a 1989). The EC is a region of
extraordinary convergence of inputs from the association cortex, essentidly funneling highly processed
neocortica information into the dentate gyrus of the hippocampus and thereby playing a crucid role in
memory (Squire and Zola-Morgan 1988). The memory stores of the neocortex are considered to become
independent of the media tempord lobe memory system and to represent along-term memory (Squire and
ZolaMorgan 1991). There are anatomica connections between the two medid tempord Sructures
through both direct hippocampa commissurd pathways and possble indirect pathways involving
subcortica structures or the frontad lobe (Gloor et d 1993).

Non-declarative (implicit) memory comprises a heterogeneous collection of learning and memory
abilities, al of which are nonconscious and expressed through performance. The formation of non-
declarative memory is independent of the media tempora lobe (Squire and ZolaMorgan 1991). Basd
forebrain and laterd tempord cortex are regions likely to be involved in storing representations of acquired
information (Squire and Zola-Morgan 1988).

Tulving (1989) suggested that there are three systems. procedural, semantic and episodic memory.
Procedural memory refers to learned connections between stimuli and responses, which are not accessible
to consciousness. Semantic memory refers to a generd knowledge of the world which is not linked to
particular tempora-spatia context; it permits the organism to construct menta modes of the world.
Episodic memory refers to conscious recollection of persondly experienced events and their tempora
relations. Procedurd memory supports semantic memory and semantic memory supports episodic

memory.

The serid path of information processing extends from the sensory modalities to the short-term and long-
term memory stores. The flow of information through memory stores is assumed to be controlled by
“Working memory”, a centra atentiona control system of short-term memory, which feeds forwards to
the long-term memory (Baddeley 1988). The prefrontal cortex has been characterized as a centrd
executive or working memory system that is responsble for coordinating the planning, eaborative, and
organizationa processes that facilitate encoding and retrieval functions supported by the hippocampa
sysem (Moscovitch and Umilta 1990, Rezal et d 1993). The PET studies resulted in another important
finding which Tulving et d. (1994) termed the "hemispheric encoding, retrieval asymmetry”. They found
that for encoding of episodic information, the left prefrontal cortex was differentidly activated whereas,
during retrievd, the right prefronta cortex was activated. Patients with dorsolaterd fronta lobe lesions
often perform well on tests of memory but may fall on tasks where they must devise an interndly generated
Srategy to guide memory performance, such as free recal (Jetter et d 1986, della-Rocchetta 1986,
Janowsky et a 1989), recency or tempora order judgements (Milner 1971, Shimamura et d 1991), sdlf-
ordered-pointing (Petrides and Milner 1982), conditionad associative learning (Petrides 1985), and
recollection of the source of information (Janowsky et d 1989). Thus, these patients provide evidence for a
dorsolatera prefrontal component of stategic memory system.

Attentiona behaviors represent an interaction between divided and selective attention. Frontal lobes
seem to be the one cortical areamogt intimately related to regulation of selective attention (Mesulam 1985).



Visuospatid ability refersto those ahilities to produce and recognize two or three-dimensiond figures and
space. Disorders of spatial and congructiond analyss are usudly due to lesions of occipito-parietal regions
of the brain (Mesulam 1985).

Language is the sequd system used by one individud to communicate with another. Disturbances in
language are usudly a consequence of |eft fronta or tempord lesions (Mesulam 1985).

The amygdala may be responsible for the affective association of events (Squire and ZolaMorgan
1988) and for the impairment of memory for emotiona materid (Markowitsch et d 1994, Bechara et d
1995, Clark 1995, LaBar et a 1995, Cahill et a 1995, 1996).

2.3. Cognitive functions in advanced aging

In the working memory mode, attentiond mechanisms are the principd tools for the retention of
information (Baddeley 1988). The mgor digtinction is usudly made between divided and sdective
atention. Tests of divided attention assess the capacity to perform more than one task smultaneousy
wheresas tests of selective attention measure resstance to some form of distraction (Robbins and Everitt
1987). In normd aging the capacity for attention declines after 60 years of age, as has been shown in
particular with tests of divided attention (Albert 1988).

Studies of intact and impaired memory in age-related diseases suggest that normd aging has markedly
different effects upon different memory sysems. Aging may have little or no effect upon the neocortica
memory system which mediates conceptuad and perceptud priming. In contrast, aging has a continuous,
life-long effect upon the fronta |obe system that mediates critica aspects of working and strategic memory.
Sdthouse (1990) proposed that the reduction in working memory processing which is dependent on the
fronta lobes is a crucid factor for age-rdaed changes in many cognitive functions including memory.
Dagneault and Braun (1993) agreed with this view and suggested that the frontal Iobe function is usudly
the firgt to decline in norma aging. Degeneration in this syssem may account for much of the age-rdaed
decline in declarative memory seen in hedthy people in their 60s and 70s. Whether mild memory
impairment can be included in the spectrum of normal aging or can be accounted for by the ingdous, late
onset of AD, isdlill debatable.

Language functions can be studied by evauaing speech, verbd fluency, naming ability, repetition,
reading, writing and verba comprehension. All of these functions are preserved during aging except naming
ability, which dightly declines after age of 70 (Albert 1988, Bayles and Kazniak 1987).

Smple visuospatia functions are usudly intact in hedthy elderly persons. Smple visuospdtia tasks are
copying a complex design or judging the angular orientation of lines. More complex tasks are the Block
Design, Object Assembly and Picture Completion subtest of the WAIS (Killian et d 1984). However,
performance of complex spatia tasksisimpaired after 60 years of age (Albert 1988).

Abilities such as abgract thinking, reasoning, understanding of logica rdationships and many other
cognitive functions are generaly considered to be aspects of intdligence. A common culturd stereotype is
that intelligence declines somewhat with normad aging. Early investigators concluded the same result in their
sudies (Miles and Miles 1932, Wechder 1939). However, it has become increasingly clear that “generd
intelligence’ cannot be said to deteriorate with age (Bayles and Kazniak 1987). A dowing of response and



processing speed has been shown to make a mgor contribution towards the changes in intelligence test
performances seen with aging.

The most common intelligence tes, the Wechder Adult Intdligence Scae (WAIS) (Wechder 1955), is
composed of multiple subtests. Scores on these subtests are combined to provide a sum tota, usudly
expressed as an intelligence quotient (1Q). The marked relationship between education and 1Q isillustrated
in the results of Green (1969). When Green separated the WAIS fullscae 1Q into component verbd 1Q
and performance 1Q scores, verba 1Q showed an increase with older age, anong the educationally
matched age groups, whereas performance 1Q showed a dight decline. In the 21-year Seettle Longitudina
Study (Schaie 1983) for those measures concerned with the recadl and use of previoudy acquired
knowledge, little evidence of deterioration was gpparent until after 70 years of age. For those tasks
involving more active and novel problem-solving, a greater age-associated decline was observed.

Horn and his colleagues (Horn and Cattell 1967, Horn and Donddson 1976) suggested that adult age
relationships can be understood if two types of intelligence are digtinguished. The firg, fluid intelligence, is
reflected in tests of memory span, figurd relaions, inductive reasoning, and most processes involved in
acquiring new information. Fuid intelligence decreases with old age. The second type, crysdlized
intelligence, is the cumulative product of information previoudy acquired by the activity of fluid intelligence,
and thus represents the store of culturdly transmitted information. Crystalized intelligence is measured by
tests like vocabulary definition, generd information knowledge, comprehenson, arithmetic ability, and
reasoning with familiar materid. Crystalized intelligence remains stable throughout most of the adult life.

2.4. Age- associated memory impair ment
2.4.1 Concept of memory impairment in the elderly

As people age, they often complain of memory loss. Kral (1962) introduced the term “benign senescent
forgetfulness’ to describe mild memory losses associated with aging that do not progress to a dementing
illness. He diginguished it from the ‘malignant forgetfulness’ of the organic annestic syndrome and
dementia. Although the concept of benign senescent forgetfulness has received congderable attention in the
cinica aging litterature, it has been criticized for being poorly operationdized and insufficiently validated
(La Rue 1982, Crook et d 1986). More recently, a Nationd Institute of Mental Hedlth (NIMH) Work
Group on Aging and Memory recommended abandoning the earlier term and proposed a set of criteria for
diagnosng age-associated memory impairment (AAMI) to describe the subjectively and objectively
evidenced memory loss tha may occur in hedthy, dderly individuds in the later decades of thar life
(Crook et al 1986).

2.4.2. Diagnostic Criteria for Age-associated memory impairment

AAMI is characterized by complaints of memory imparment in tasks of daily life, substantiated by
evidence of such impairment on psychologica performance tests with adequate normétive data. The tests
employed should assess recent memory for verba and nonverba materid. The AAMI is gpplied to people
over 50 years of age, dthough this does not imply that such impairment is quditaively different than in
younger adults, athough being less frequently seen. The term is aso a nonspecific relative to etiology and
does not necessarily imply that disorder is nonprogressive (Crook et ad 1986). Proposed research
diagnodtic criteriaare seenin Table 2.



A comparable term, age-associated cognitive decline (AACD), was introduced by a working group of
the Internationd Psychogeriatric Association (Levy 1994) to describe a smilar population. The AACD
criteria dlow a decline in any principd domain of cognition, not only in memory. In addition to AACD,
ARCD (age-related cognitive decline) is included in the DSM-IV. The diagnostic criteria of ARCD are
not detalled nor used in dudies. ARCD is an objectively identified decline in cognitive functioning
consequent to the aging process that iswithin norma limits given the person’s age.



Table 2. Proposed resear ch diagnostic criteria of AAMI (Crook et al 1986)

l.Inclusion criteria

a. Males and females at least 50 years of age.

b. Complaints of memory loss reflected in such everyday problems as difficulty remembering names of individuals following introduction,
misplacing objects, difficulty remembering multiple items to be purchased or multiple tasks to be performed, problems remembering
telephone numbers or zip codes, and difficulty recalling information quickly or following distraction. Onset of memory loss must be
described as gradual, without sudden worsening in recent months.

¢. Memory test performance that is at least 1 SD below the mean established for young adults on a standardized test of secondary memory
(recent memory) with adequate normative data are equally appropriate.

Test Cutoff Score
Benton Visual Retention Test 6 or less
Logical Memory subtest of Wechsler 6 or less
Memory Scale (WMS)

Associate learning subtest of the WMS 13 or less

d. Evidence of adequate intellectual function as determined by a scaled score of at least 9 (raw score of at least 32) on the Vocabulary
subtest of the Wechsler Adult Intelligence Scale.

e. Absence of dementia as determined by a score of 24 or higher on the Mini-Mental State Examination.

2. Exclusion criteria

a. Evidence of delirium, confusion, or other disturbances of consciousness.

b. Any neurologic disorder that could produce cognitive deterioration as determined by history, clinical neurological examination, and, if
indicated, neuroradiological examination. Such disorders include AD, Parkinson's disease, stroke, intracranial hemorrhage, local brain
lesions including tumors, and normal pressure hydrocephalus.

c. History of any infective or inflammatory brain disease including those of viral, fungal, or syphilitic etiologies.

d. Evidence of significant cerebral vascular pathology as determined by a Hachinski Ischemia Score of 4 or more, or by neuroradiologic
examination.

e. History of repeated minor head injury (e.g., in boxing) or single injury resulting in a period of unconsciousness for 1 hour or more.

f. Current psychiatric diagnosis according to DSM-II1 criteria of depression, mania, or any major psychiatric disorder.

g. Current diagnosis or history of acoholism or drug dependence.

h. Evidence of depression as determined by a Hamilton Depression Rating Scale score of 13 or more.

i. Any medical disorder that could produce cognitive deterioration including renal, respiratory, cardiac, and hepatic disease; diabetes mellitus
unless well controlled by diet or oral hypoglycemics; endocrine, metabolic, or hematologic disturbances, and malignancy not in remission
for more than 2 years. Determination should be based on complete medical history, clinical examination (including electrocardiogram), and
appropriate laboratory tests.

j. Use of any psychotropic drug or any other drug that may significantly affect cognitive function during the month prior to psychometric

testing.



2.4.3 Prevalence of Age-associated memory impairment

The prevadence of AAMI has not been clearly defined. Depending on the methodology and ages of the
samples studied, the reported prevaence ranges from 4.6-34.9% (Coria et d 1993, Koivisto et a 1995).

The concept of AAMI has been widdly criticized. The criteria for measuring objective memory
impairment are postulated to lack of reliability (Rosen 1990, Smith et d 1991), and AAMI is said to be too
broad an entity (O'Brien and Levy 1992, Caine 1993). Previous reports on the epidemiology of AAMI
have not employed the specific diagnogtic criteria for AAMI and have utilized varying methodology (Lane
and Snowdon 1989, Coria et a 1993) or have been based on archiva data reported for age-associated
normative data on standard memory tests (Larrabee and Crook 1994). Koivisto et a. (1995) were the first
to apply the specific AAMI criteria in a random, large-scae epidemiologic study, and they reported a
prevalence rate for AAMI of 38.4%, based on 1,049 subjects aged from 60 to 78 years. Interestingly,
prevaence rates of AAMI differed in different age groups, and instead of increasing with age, as would be
expected, the prevaence rate declined in the oldest age groups, whereas objective memory decline
increased. Soon after Koivisto's report, Barker et d. (1995) published a prevaence sudy of AAMI using
the original criteria. They found a 24.1% prevaence of AAMI in 65- to 79-year-old subjects and a lower
prevaence (11.8%) of AAMI in 80- to 94-year old subjects thus confirming the findings of Koivisto et d.
(1995). The low rates were mainly explained by the high proportion of subjects meeting some of the
excluson criteria, Snce memory test performance identified as many as 79% of the participants in the
AAMI category. They aso found, as in previous studies (Kahn et a 1975, Zonderman et a 1989,
DerouZsne 1990, Hanninen et d 1994), that complaint of memory decline is more strongly correlated with
measures of affect and personaity than with measures of current memory test performance or estimates of
memory decline. However, many studies have shown a sgnificant correation between memory complaints
and memory performance assessed with memory tests (Zelinski et d 1980, Riege 1982, Dixon and Hultsch
1983, Larabee et d 1991). Some investigators have suggested that the criterion based on subjective
memory loss should be abolished from the AAMI diagnosis (Smith et d 1991, Caine et d 1993) but some
propose that memory complaints could be an early sign of dementia (O'Brien et d 19923, Grut et d
1993).

Koivigo et d. (1995) share the concerns of other investigators regarding the overinclusive nature of
AAMI (Smith et d 1991, O'Brien and Levy 1992, Caine 1993). On the other hand, medicd exclusion
criteria of AAMI may be too redtrictive and thus exclude persons whose medica conditions do not affect
their memory performance (Blackford and La Rue 1989, Koivigto et d 1995). In spite of mostly promising
results of pharmacologica trestment studies with AAMI, many researchers have criticized those studies as
being premature in the current state of knowledge of this entity (O’ Brien and Levy 1992, Barker and Jones
1993, O'Brien 1994).

Despite congderable research on memory and aging in persons without dementia, deta is limited on the
borders between AAMI and dementing ilnesses such as AD. A few longitudind sudies have been
performed. Reisberg and his collegues (1986) evauated ederly community-dwelling persons with mild
cognitive decline corresponding to Globa Deterioration Scde (GDS) stages 2 to 3 (Reisberg et d 1982).
After a mean follow-up interval of 3.6 years, they found that such persons were less likely to show
continued decline than those with moderate or severe impairment (GDS stages 4 to 6). Hanninen and co-
workers (1995) found that 9.1 % of the AAMI population developed dementia in the 3.6-year follow-up
period. Results of O'Brien et d. (1992a) are comparable (incidence of dementia 8.8 % in 3 years). These
studies suggest that AAMI is generdly nonprogressive but it aso include subjects with early dementia.



2.5. Diagnosis of Alzheimer’s disease

Dementiais an acquired syndrome of decline in memory and other cognitive functions sufficient to affect
daly lifein an dert patient (American Psychiatric Association 1995). Alzheimer’s disease (AD) is the most
common cause of dementia and increases exponentially with age. On average, two out of three patients
displaying symptoms of dementia are diagnosed as having AD in Europe and North America (Hofman et d
1991, Rocca et d 1991). AD is a progressive neurodegenerative disorder associated with a sequential
decline in cognition, behavior and multiple performance. These characteristics make AD a severdly
dehilitating disease, not only for the patient, but for their caregivers as well. AD has a heterogeneous
aetiology and over the past 20 years has been associated with a large number of putative environmenta
causative factors as well as more recently genetic mutations on chromosomes 1, 14 and 21, which cause
rare, early onset familia forms (Goate et d 1991, Levy-Lahad et d 1995, Sherrington et d 1995). The
Apo E e4 alee on chromosome 19 is associated with an increased risk for the common late onset AD
(Corder et d 1993).

In recent years, sandardised diagnogtic criteria for AD have been developed (Table 1), together with
guiddines for their use, greetly improving the religbility of dinicd diagnoss of AD. The diagnoss of AD has
been divided into possible, probable and definite according to NINCDS-ADRDA criteria. The criteria for
probable AD have been shown to have good correspondance to the pathologica diagnosis of AD (Klatka
et d 1996) and largely overlap with the more recent DSM-IV and ICD-10 criteria for AD. In the
NINCDS-ADRDA criteriag, the clinicd diagnoss is consdered as either possible or probable and the
pathologica diagnods as defining.

Table 1. Standardised clinical diagnogtic criteriafor Alzheimer’s disease

Abbreviation | Title Source
NINCDSY Nationd Indtitute of Neurologicd and McKhann et d., 1984
ADRDA Communicative Disorders and Stroke/Alzheimer’
Disease and Related Disorders Association criteric
ICD- 10 Internationa Classification of Mentd and World Hedth Organization,
Behaviourd Disorders, In: Internationda Geneve, 1993

Statigtical Classfication of Diseases and Related

Hedth Problems, 10th edition

DSM- 1V Diagnogtic and Statistical Manud for  Mental  American Psychiatric Association,
Disorders, 4th Edition 1995

All three diagnostic frameworks share the essentiad positive requirement of progressive declinein memory
and impairment in at least one non-cognitive intellectua function. Diagnoss of AD mugt be primarily one of
inclusion, not exclusion, as is often supposed. In goproximately 90 % of cases, the diagnosis can be made
on the basis of a genera medical and psychiatric evaluation (Rasmusson et a 1996, Larson et d 1996).

2.6. Changesin cognitive functionsin Alzheimer’s disease
Neuropsychology is a cornerstone in the assessment of early dementia (Cipolotti and Warrington 1995).

In spite of some preliminary suggestions of quditative differences between norma aging and AD, the
evidence is not compelling (Nebes 1992). On the contrary, it seems likely that the aterations in memory



associated with early AD are subgtantidly different from those associated with age-related changes in
memory.

The dinica course of AD typicdly involves a gradua onset and dow progresson. AD is characterized by
imparment in a wide range of cognitive functions. Memory dysfunction is often the initid manifestation of
AD. Investigators usng the CERAD database, demondtrated that delayed recall or forgetting was sengitive
in identifying patients with AD, and that this variable may be the first Sgn of a dedline in cognitive function
(Wesh et d 1991, Morriset d 1993). In the study by Petersen et d. (1994) a measure of learning with
facilitation of performance using cues appears to be the best discriminator for detecting mild AD. Recently,
Albert’s (1996) findings indicated that tests of immediate and delayed recall, administered over brief
delays, can be used to differentiate AD patients from controls, and from patients with a wide variety of
dementing disorders.

In AD, both short-term and long-term memory are progressively impaired. Long-term episodic memory
is affected early in the disease process (vanHoesen 1990), whereas semantic memory is usudly affected
later (Nebes et d 1984). Confabulation is a common feature and its specificity in AD patient with mild
cognitive impairment may be reated not to language deficiency, but to semantic memory disturbance (Findi
et d 1993). Procedura memory isrdatively wdl preserved (Mahler and Cummings 1990).

A digturbance in atentiond performance is dways present in the different dementias, and is usudly
greater in subcortica than in cortical dementias (Baddeley et d 1988). Reduced brain metabolism in mild
AD is asociated with a dowing of reaction time specificdly in tests of divided attention (Nestor et d
1991).

The rate of decline in language functions is fagter in a disease process with a greater involvement of the
left hemisphere (Mortimer et d 1992). An early finding is imparment of verbd fluency for categories, for
indance names of animas or words beginning with a particular letter. As dementia progresses, many
patients become dysphasic. At a later dage, language is obvioudy nonfluent and repetition impaired;
terminally speech deteriorates into total gphasia (Faber-Langendoen et a 1988).

Visuospatia impairment is seen dready with mild AD when a disease process with gregter involvement of
the right hemisphere (Bayles and Kaznigk 1987, Mortimer et d 1992). Visuospatia deficit results in
symptoms such as misplacing objects or getting logst, and difficulty with tasks such as drawing complex
figures. Difficulty with cdculation, including skills such as handling money, goraxia, and agnosa are further
problems that develop in AD.

Judgement, abstraction and executive functions are often impaired in mild AD, and deterioration occursin
both types of intellectua ability (Larrabee et d 1985), adthough Performance 1Q is dmost dways lower
than Verbd 1Q (Miller 1977). While AD hasiits greatest effect upon WAIS performance subtest scores, all
subtests reved further deterioration as the disease progresses. AD patients with severe dementia are
typicaly too impaired to be formally testable on measures such as the WAIS (Bayles and Kazniak 1987).
Imparment of executive functions is common dready in mild AD (Red et d 1996).

Behaviord or psychiatric symptoms are a mgor source of dress for the dementia patient and their
caregiver. Depressive symptoms occur in about 25 % of patients, athough severe depression is uncommon
(Cummings et d 1995). Delusons, usudly smple persecutory delusions, are common, dthough they are
rarely systematized, as in schizophrenia. The occurrence of affective and psychotic symptoms may
exacerbate disability and lead to early indtitutiondization. The spectrum of behaviord anormadlitiesis broad



(wandering, agitation, aggression, insomnia, poor sdf-care, and so on) and often widens further as the
disease progresses.

2.7. Neur opathological changesin normal aging with thereferenceto Alzhemer’s disease

Sysematic examination of changes in the human brain concerned with aging have taken place only
relaively recently. A decrease in brain weight, ventricular dilatation, gyra atrophy, and sdective loss of
neurons within different brain regions are changes that occur in the brain during aging (Kemper 1994).

The extracdlular senile plagues of b-amyloid protein (SPs), and the intracdlular depodts of
hyperphosphorylated tau, neurdfibrillary tangles (NFTS), are the classca pathologicad hdlmarks of AD
seen at postmortem and are consdered as a prerequisite for the neuropathologic diagnosis of AD and
reflective of degeneration (Tomlinson and Corsdllis 1984, Mirraet d 1991, 1997). SPsand NFTs are dso
found to alesser extent in norma aging and are morphologicaly identica to those seen in patients with AD,
athough they are not found in norma young and middlie-aged people (Tomlinson et a 1968). The number
of NFTs has been correlated with the degree of dementia (Wilcock and Esiri 1982, Mountjoy et d 1983,
Arriagada et a 1992, Berg et a 1993, Bierer et d 1995, Hyman et a 1995). In AD, the NFTs are first
observed in medid tempord lobe dructures, expecidly in the EC and in the hippocampus. With the
progresson of AD, these regions become more severely affected (Braak and Bragk 1991, Hyman et a
1990,1995, Bdl et a 1988) and also NFTs and SPs are more widespread in dl cortical areas. The crucia
difference between the brains of norma ederly people and those with AD lies in the much larger numbers
of SPsand, particularly, NFTsfound in AD. It seems, therefore, that the numbers of SPsand NFTsin AD
and norma aging do not form a continuum, but show a bimoda distribution (Tomlinson 1982, Mountjoy
1988, Koster et d 1989, Hubbart et a 1990).

Loss of neurons, when present, is generdly dight in its extent during norma aging. The greatest loss of
neurons and reduction in brain volume during aging is seen in the frontal lobes (Haugh et d 1983, Coffey et
a 1992, Cowdl et d 1994). Nerve cdl loss is recognized to be an important component of AD, some
dudies finding higher corrdations of mentd impairment with cortical nerve cdl loss than with SPs and
NFTs (Neary et d 1986, Hubbard et d 1990). The temporal cortex generaly shows more severe neuron
loss than the frontal cortex. Gomez-Ida et d. (1996) reported avery severe neurond lossin the EC even
in the mildest stages of dementiain AD. The fact that neurond 1oss does not occur in this region during the
norma aging process (Gomez-Ida et d 1996) is condstent with the hypothesis that AD and aging are not
pat of a continuous spectrum and suggests that norma aging and AD can be differentiated both
anatomicdly and dinicdly.

Many studies show a 15-20% reduction in synapses in frontal cortex during aging (Hutterlocher 1979,
Gibson 1983, Madiah et d 1993). In AD, the degree of synaptic loss in the frontd cortex exceeds that
amount found in norma aging and shows a drong corrdation with the cognitive deficit (DeKaosky and
Scheff 1990, Terry et d 1991). Thus, the changes seen in AD are quditatively smilar but quantitatively
gregter than those seen in norma aging.

2.8. Apolipoprotein E

Apoalipoprotein E (ApoE) is a plasma protein involved in the metabolism of cholesterol and triglycerides.
Three dldes e2, €3, and e4 exist for the ApoE gene, encoded on chromosome 19. The Apo E e4 dlde
has firmly established itsef among the mgor risk factors for late-onset familiad AD (Corder et d 1993,
Strittmatter et a 1993) and sporadic AD (Saunders et al 1993, Kuusisto et d 1994, Lehtimaki et d 1995,



Lehtovirta et d 1995, Polvikoski et d 1995), in addition to age, minima cognitive impairment, family
history, education, gender and head trauma. The number of ApoE e4 dlde copies correaes not only an
increased risk of developing AD (Corder et d 1993, Rebeck et a 1993, Strittmatter et al 1993, Lehtovirta
et d 1995) but dso with an earlier age of onset (Corder et a 1993, Frisoni 1995, Lehtovirta et al 1995)
and an increased dengity of SPs (Rebeck et a 1993, Schmechel et d 1993, Polvikoski et d 1995). The
ApoE e4 dlde is asociated with severe hippocampd damage and memory impairment in AD (Lehtovirta
et d 1995). Soininen and her co-workers (1995b) found also minor hippocampa changes in hedthy
elderly people, particularly those with the e4/ e4 genotype.

The mechaniam of action of ApoE in AD is dill unknown. The ApoE4 isoform has a higher binding
afinity in vitro for Ab4 than E3 or E2 (Strittmatter et d 1994). It is therefore clear that ApoE and Ab
interact in vitro, but whether such an interaction occursin vivo, and whether it isrelevant to AD is currently
unknown (Roses 1994). In vitro, ApoE dso binds to tau, with ApoE3 binding more avidly than ApoE4,
and this has been hypothesized to prevent tau phosphorylation, a prerequisite step in NFT formation
(Strittmatter et d 1994). In brains displaying signs of AD, however, the ApoE genotype correates with Ab
load rather than with NFT dendity (Gometz-Ida et d 1996). Moreover, ApoE is involved in regeneraion
and syngptogenesis following injury. Recently, Arend et d. (1997) showed dso impaired regenerative
capacity in AD patients carrying the e4 alele compared to e4 noncarriers. In AD, brain degeneration of the
chaolinergic neurones in the nucleus basdis of Meynert and a decreased level of choline aceteltrandferase
activity are the most consstent neurochemica anormdities (Perry 1986, Rossor et d 1993). Poirier and
his co-workers (1994, 1995) found a relationship between ApoE e4 dlee and chalinergic corticd and
subcortica function. This finding is undercined by the fact that ApoE may be of particular importance for
the cholinergic system, because acetylcholine can be derived from a lipid source. This relationship may
explain the decreased responsveness of patients with the ApoE e4 dlee to cholinesterase inhibitors as
suggested by Poirier et d. (1995).

The work of Blacker et a. (1997) demondirates that the ApoE e4 dlde exerts its maxima effect before
age 70. On the other hand, the ApoE e2 dlde may play a protective role in AD both by decreasing the
risk and by increasing the age of onset of the disease (Tabot et d 1994). A 3- year follow-up study
showed aso that subjects not displaying signs of dementia with ApoE phenotypes E2/2 or E2/3 were able
to maintain their verbd learning performance, while subjects with other ApoE phenotypes did not (Helkda
et a 1996).

Petersen et a. (1996) have shown that the presence of the e4 dlee is the strongest predictor of future
dementiain agroup of elderly people with mild cognitive impairment. A recent Dutch study showed that the
ApoE e4 dlele predigposed to cognitive decline in a generd population of elderly men (Feskens et d
1994). Blesa et d. (1996) determined the ApoE alele frequencies in patients with memory complaints but
without dementia They found a high ApoE e4 dlde frequency (0.315) in subjects with memory
impairment, which agrees with the previous results (Petersen et d 1995, Small et d 1995, Reed et d 1994
). Thus, they suggested that the ApoE e4 dlele could be a marker for the prediction of AD in subjects with
memory impairment but without dementia

Reiman et d. (1996) found an interesting relaionship between the ApoE e4 dlde satus and brain
glucose hypometabolism in cognitively normd subjects having a family higory of AD. These metabalic
changes occurred in the same regions asin  patients with probable AD.



2.9. Structural and functional neuroimaging
2.9.1. Magnetic resonance imaging

In norma aging, the volume of the hippocampus remains rather constant (Jack et d 1989, Bhatia et d
1993, DeCarli et d 1994, Zipursky et a 1994, Sullivan et d 1995). Atrophy in anterior and medid
tempora lobes, especidly in the hippocampus, istypicad for AD. Thisis seen as awidening of the tempora
horns of the laterd ventricles, the anterior portions of the Sylvian fissure and a widening of the third
ventricle (de Leon et a 1980, Jacoby and Levy 1980, Creasey et d 1986). However, in spite of the
overdl condgtency of these findings, there remains the conundrum that a large number of patients with
dementia have norma cortical and ventricular Sze and, conversdly, many hedthy ederly subjects show

atrophy.

Seeb et d. (1988) used corond sections to make volumetric measurements of the hippocampus. The
hippocampa volume (normdized relative to the size of the lenticular nucleus) was reduced by 40% in the
AD patients compared to the controls, and there was no overlap between the two groups. Hippocampal
atrophy did not correlate with either overal brain atrophy or dementia severity. Later on, severd studies
have reported pronounced hippocampa atrophy in the early stage of the disease, detected usng MRI
(Kesslack et a 1991, Jack et a 1992, Ikeda et a 1994, Laakso et a 1995). The decreased hippocampal
volume aso correlates with declarative memory performance in AD patients (Scheltens et d 1992, Laakso
et a 1995, Riekkinen et d 1995). Some authors have found atrophy of the amygdaa to be a sengitive
indicator of AD (Pearlson et d 1992, CuZnod et a 1993, LehZricy et a 1994), others in turn have not
been able to confirm this proposa (Killiany et d 1993, Lehtovirtaet a 1995).

DeCali et d. (1994) have shown that tempora lobe volume does not decline in norma aging, whereas
the pogterior frontal lobe volume declines approximately by 1% per decade. Chertkow et al. (1995)
reported decreased hippocampa volumes in 25% of subjects with questionable dementia / age-associated
cognitive decline.

2.9.2. Single photon emission tomography

One of man indications for SPECT and visudization or cdculation of regiond cerebrd blood flow
(rCBF) of the brain is processes leading to dementia. Of more practical clinica importance is the
differentiation between AD and other forms of dementia (Launes et d 1991). The most popular radiotracer
for this purpose is Technetium-99 (99mTc) HM-PAO (Hexamethylpropyleneamine oxime).

The typica findings of advanced AD are a marked bilateral decrease of rCBF in the tempord, parietd
and fronta cortex as well as in occipitd areas, while the motor and the visua cortices as well as the
subcortical structures are relatively well perfused (Gemmell et d 1987, Jagust et a 1987, Smith et d 1988,
Liu et d 1992, O'Brien et d 1992b). These findings in the tempora and parietal cortices are dready seen
in mild AD and the severity of hypoperfusion correlates with the disease progresson (Johnson et ad 1988,
Launes et d 1991). An interesting study was performed by Stern et d. (1995) to andyze the effect of
occupation before the development of AD. This study demonsdrated that individuals with occupations
requiring higher interpersona and cognitive sKkills, independent of previous education, had less perfusion in
the parietd region compared with individuas with less demanding jobs. This finding is Smilar to that
demondrating poorer parietd perfuson in AD patients with higher educationd levels when matched for
severity of disease (Stern et d 1992). Although these studies were performed on individuals with dementia,



it gppears that individuas with higher levels of socid and educationa functioning tolerate a more significant
decline in cerebrd metabolism before demongtrating the same degree of dementia

2.9.3. Electroencephal ography

Previous studies have noted severd types of changes in the EEG of dderly subjects. Intermittent foca
dowing, usudly tempora and greater on the left Sde, occurred in 17% to 59% of hedthy elderly subjects
(Hughes and Cayaffa 1977, Torres et d 1983, Katz and Horowitz 1982, Soininen et a 1982, Arenas et a
1986, Visser et d 1987, Polich 1997). On the other hand, in some studies the parameters of EEG in
hedthy elderly people are well preserved (Duffy et d 1984, Penttild et d 1985, Hartikainen et d 1992,
Konbnen et Partanen 1993). Neurodegenerative disorders like AD or Parkinson's disease are usudly
characterized by dowing of the EEG (Coben et ad 1983, Penttila et a 1985, Soikkeli et al 1991, Soininen
et d 1991). However, in mild AD even 50% of the patients may have norma EEG (Soininen et d 1989).

Modern computer techniques have formed the badis for quantitative EEG (QEEG). Routine frequency
bands apha (8-13 Hz), beta (13-30 Hz), ddlta (0.5-4 Hz) and theta (4-7 Hz) can be measured in terms of
average amount of activity in microvolts ( nV) in QEEG. Furthermore, using the computer based QEEG
ratios between different frequency bands, e.g., the alpha-theta and the alpha-deita, ratios can be caculated
and the mean and peak frequencies within a particular band can aso be calculated.

Little or no changes in conventiond and quantitative EEG have been found in comparisons between
norma elderly and young subjects (Katz and Horowitz 1982, Duffy et d 1984, Dustman et d 1985,
Penttild et a 1985, Bredau et a 1989, Williamson et a 1990, Oken et a 1992).

2.9.4. Event-related potentials

Event-related potentials (ERPs) time-locked to cognitive decisions are utilized as an objective measure of
menta activity. These brain potentids have not yet been widdy utilized in the assessment of the aging

population.

The first prominent negative-going deflection in auditory ERPs, N100, reflects detection of an auditory
gimulus. Both dectricd and neuromagnetic recordings imply that its main generators are in the auditory
cortices (Vaughan and Ritter 1969, Hari et a 1980), and possbly within the frontal cortica aress
attention to the tones (processing negativity at 60—150 ms) (Hillyard et d 1973), and even when a deviant
tone is not perceived (mismatch negativity a 100-200 ms) (N&itdnen et d 1978, Kujda et 1995).
Conscious efforts to attend to stimuli in any sensory modadlity dicit later ERP components, N2 (or N2b a
about 200 ms) and P3 or P300 (about 300 ms after the stimulus onset), which presumably represents
endogenous processing of externd stimuli (Ritter et d 1968, Picton 1992). Goodin et d. (1978a) found
that the latency of auditory P300 increased significantly with increasing age. They dso reported that P300
was delayed in latency and decreased in amplitude in dementia (Goodin et d 1978b). Later sudies have
shown conggtently a considerable overlap between norma ederly individuds and patients with dementia,
which limits the clinica usefulness of the P300 (Picton 1992). In addition, there are severd brain regions
contributing to the generation of P300. Meda tempord aress, parieto-occipital cortex, fronta lobes, and
dorsa thdamic nucle have al been studied as possible generators of P300 (Pineda and Westerfield 1993).
Since there are dso multiple cognitive processes occurring a this latency range after simulation, the
interpretation of observed changes in P300 has been controversa (Picton 1992). These brain potential



measures have not been sufficiently detaled to indicate how various cognition atributes change with age
and there are only afew previous neurophysiologica studies on AAMI subjects (Sdetu et d 1990).



3. AIMSOF THE STUDY

There were two generd aims of this study. Firstly, to more coherently characterize the entity caled Age-
associated memory impairment. Secondly, to investigate the relationship between the ApoE e4 dlde and
cognitive functions, sructurd and functiona neuroimaging findings among the ederly people without
dementia

The specific targets of the study were:
1. To characterize the cognitive functionsin AAMI .

2. To examine the structural and functiona changes in brain structures in AAMI subjects as compared to
elderly subjects with intact memory.

3. To evduate the relaionship between the ApoE e4 dlde and cognitive functions and neuroimaging
findingsin AAMI and control group.

4. To evduate the changes on cognitive functions and on the measurements of the MRI volumetry among
AAMI subjects and cognitive hedlthy elderly subjects during a follow-up period of 2.8- years with specid
referenceto theed dide.



4. SUBJECTSAND METHODS
4.1. Subjects

The study was conducted in the Memory Research Clinic of Department of Neurology in the University
of Kuopio between August 1992 and April 1995. The subjects in a cross-sectiond sudy and a follow-up
study were drawn randomly from the subpopulations 1 and 2 (Koivisto et ad 1992).

Population 1: A random sample of 592 persons born from 1912 to 1921 was drawn from the Kuopio
population register including al 5286 inhabitants of Kuopio in this age group on January 1, 1986. Of the
592 persons randomly selected, 402 (80.3%) participated. The examinations were carried out from
January to August 1989.

Population 2: Ancther random population sample of 250 persons born from 1922 to 1930 was drawn
from the Kuopio population register to evaluate the prevaence rate for AAMI in ayounger age group. Of
the randomly 250 sdlected, 176 (70.4%) participated. No data on nonparticipants were collected.
Examinations were done from January to February 1990.

Cross-sectional study. First we examined 18 AAMI-subjects, using the origina diagnogtic criteria for
AAMI (Crook et a 1986), and 18 age-matched controls in our pilot study. Then we recruited more
individuas so that the population totaled 43 AAMI subjects and 47 controls. The controls were cognitively
hedlthy subjects, i.e. they reached test scores comparable to those of the young people. The demographic
data for the subjects in the cross-sectiona study are presented in Table 3.

Follow-up study. The 36 subjects (18 AAMI and 18 control subjects) of our pilot study were asked to

participate in afollow-up study.
4.2. Study design

All respondents underwent a structured interview including demographic information, medica history and
current medication. The NIMH criteria with suggested cutoff points for neuropsychologicd tests were
used for the classfication of AAMI (Crook et d 1986). Subjective complaints of memory loss were rated
with the Memory Complaint Questionnaire (MAC-Q). A score of 25 or over was conddered to indicate
subjective memory impairment (Crook et a 1992). Objective memory function was assessed with
Benton's Visud Retention Test, form C, adminigtration A (BVRT) and with Pared Associated Learning
subtest of Wechder Memory Scae (PAL). The cutoff scores for AAMI in these tests were 6 or less in
BVRT and 13 or lessin PAL. A score below cutoff in either one was considered as evidence of objective
memory impairment. To examine the mental performance and to rule out the presence of dementia, the
subjects were tested with the MMSE in which a score less than 24 was used to exclude possbly
demented subjects.

All subjects were examined according to the following protocol: medica history, generd physicd and
clinica neurologicad examination, extensve neuropsychologicad testing, QEEG, ERPs, SPECT and MRI.
In the follow-up study QEEG, ERPs and SPECT were not done. The psychologist performed
neuropsychological evauations. The same exclusion criteria were used both for the AAMI and the control

group.

In the cross-sectional study, to evauate the influence of the ApoE e4 dlde on cognitive functions and
neuroimaging findings, the subjects in the AAMI and control groups were subcategorised according to



their ApoE e4 genotype in two groups. subjects homozygous or heterozygous for e4 and subjects without
the e4 dlde (Table 16). Furthermore in the follow-up study the data was analyzed for the AAMI and
the control groups. Then, due to the smal number of the study subjects in the follow-up, the AAMI and
the control subjects could not be divided into two groups according to their ApoE genotype. For this
reason subjects were subcategorised according to their ApoE e4 genotype into two groups. subjects
homozygous or heterozygous for e4 and subjects without the e4 dldle (Table 25).

4.3. Neur opsychological assessment
The following neuropsychologicd tests were used inthe study:
AAMI-tests:

In the Benton Visual Retention Test (BVRT) (Benton 1974), the subject is required to copy from
memory ten different figures after a presention of ten seconds for each. The score used in the present
study was the number of correctly reproduced figures.

In the learning phase of the Paired Associate Learning (PAL) from the Wechder Memory Scale
(WMS) (Wechder 1974), ten pairs of words are read out by the examiner. Then, the subjects are
required to recal the second word of each pair when the first one is presented as a cue. This procedure is
repested three times. The total score was calculated according to WM S manual.

The Mini-Mental Status Examination (MMSE) (Folstein et d 1975) includes a selection of short
items testing different aspects of cognitive function: orientation, repetition and recdl of words, atention,
language (severd items), and congructiond ability (drawing). The score used was the sum score of al
items.

In the Vocabulary subtest from Wechder Adult Intelligence Scale (V-WAIS) (Wechder 1955),
subjects are required to explain the meaning of 32 words. A score of two points was given for each
complete answer and one point for each partly correct answer from which the sum score was counted.

Subjective complaints of memory loss were recorded by the Memory Complaint Questionnaire
(MAC-Q) (Crook et d 1992). It includes six questions of one's ability to remember everyday matters
(e.g., names of other people or phone numbers) as compared to time when the person was young. The
score used was the sum of six questions rated with afive point scae.

The Geriatric Depression Rating Scale (GDS) (Y easavage et d 1983) was used to assess depressive
symptoms. This scae includes thirty questions concerning different agpects of mood and activity. The
answers are rated as true or fase. The sum score of answers indicating symptoms or fedings of
depression were used.

Episodic Memory:

In the Buschke Selective Reminding Test (BSRT) (Buschke and Fuld 1974), subjects have to recall as
many as possible of the ten words that have just been read out by the examiner. On the second trid, the
examiner reminds only those words which the subjects have not recaled and the subjects are asked to try
to recal al ten words again. This precedure is repeated six times. The scores obtained are the tota



number of words, and the number of words in long-term memory (i.e., those words which were recdled in
consecutive trids without reminding them).

In the Russdll’s adaptation of the Visual Reproduction Test (VRT) (Russdll 1975) subjects have to
reproduce geometrica figures from memory immediately after seeing them for ten seconds (VRI). To
measure long-term retention, the subject is asked to reproduce the figures again after 30 minutes of
unrelated testing (VRD).

Semantic Memory:

In the Finnish verson of the Verbal Fluency Test on letters (VFT-L) (Borkowski et ad 1967), the
subjects are given 60 seconds to produce as many words as possible beginning with each of the letters P,
A, and S, excluding proper names or different forms of the same word. The Verbal Fluency Test on
category (VFT-C) (Butters et d 1987) requires producing as many names as possible of animas in 60
seconds. The performance was scored by counting the total number of correct words produced for each
|etter or category.

Visuoconstructive Functions:

In the Russdll’s adaptation of the Visual Reproduction Test (VRT) (Russdl 1975) subjects have to
reproduce geometrica figures and the same figures were also used as a visuo-condructive task by asking
the subjects to copy them after the delayed recdl task (VRC).

The Digit Symbol (DSy-WAIS), a subtest from WAIS (Wechder 1955), requires perceptua
organization, sustained attention and visuo-motor coordination.

Executive Functions:

In Part A of the Trail Making Test (TMT-A) (Reitan 1958), the subjects have to draw a line to
connect consecutively numbered circles. In Part B (TMT-B), subjects have to draw a line dternating
between numbers (1-13) and letters from the beginning of the aphabet (A-L).

Inthe Modified Wisconsin Card Sorting Test (WCST) (Nelson 1976), subjects are required to
deduce the card sorting principle (form, color or number of symbols) and to modify response Strategy
according to feedback from the examiner. The scores recorded were the total number of correct
responses and the number of perseveration errors.

In the Stroop Test (ST) (Golden 1978), two naming trials were used. The firdt trid requires the naming
of color dots on a sheet of paper, and the second requires the naming of color when color names were
printed in a color different from the word itsdf (interference condition). The shortened versons involving
50 dots and words were used in both naming trids. The scores in the test were this time used to complete
each naming trid and the difference between the interference condition and smple naming of color dots
(interference effect).

The Digit Span (DSp-WALIS), a subtest from WAIS (Wechder 1955), requires attention and primary
memory.



4.4. Determination of Apolipoprotein E genotype

Samples of 10 ml venous blood were collected in EDTA tubes, and DNA was extracted by a standard
phenol-chloroform extraction. ApoE genotypes were analyzed using a polymerase chan reaction (PCR)
(Hixon and Vernier 1990, Tsukamoto et d 1993) with dight modifications. PCR products were digested
with Hha (New England Biolabs, Beverly, MA) and digested DNA fragments were andyzed with
polyacrylamide gel dectrophoress. Separated fragments of DNA were visudized using ethidium bromide
daning.

4.5. Magnetic resonance imaging

The subjects were scanned with a 1.5 T Magnetom (Seemens, Erlangen) using a standard head coil and a
tilted coronad 3D gradient echo sequence (MP-RAGE: TR 10 msec, TE 4 msec, Tl 250 msec, flip angle
12°, FOV 250 mm, matrix 256x192, one acquistion). This resulted in 128 contiguous T1-weighted
partitions with a dice thickness of 1.5 to 1.8 mm oriented perpendicularly to the long axis of the
hippocampus. The data was andyzed by a sngle rater who was not aware of the clinical data of the sudy
subjects. Retest validity based on 5 cases was assessted after half ayear.

Determination of the volumes of hippocampus and amygdala. Standard anatomica atlases of the
human brain (Duvernoy 1988, De Armond et d 1989) were used as guiddines with some adjustment from
previous literature (Watson et d 1992), to determine the boundaries of the amygdaa and the hippocampus
on oblique corond MRI sections. The boundaries of the region of interest were outlined by a trackbal
driven cursor proceeding from anterior to pogterior in a sequentid fashion. The number of voxels within the
region were integrated using a program developed in-house for stlandard work console.

In this study, the outlines of the amygdaa were consdered to include the deep, the superficid, and the
remaining nucle of the amygdda (Soininen et d 1994). The hippocampus included the dentate gyrus, the
hippocampus proper, and the subicular complex. The caudal end of the hippocampus was determined as
the lagt section in which the fornices were till detectable in their full length.

Normalization of volumes. In order to exclude the effect of individud head and brain szes, the
normdization was done by dividing the volumes of the hippocampus and amygdda by the sagittd
intracrania area (ICA). To get reasonable numbers for the gatigticd anays's, the normalized vaues were
multiplied by 1000.

4.6. Single photon emission tomogr aphy

A dose of 370 to 555 Mbg of 99mTc-HMPAO (Amersham International, London, UK) was
intravenoudy injected into a subject’ sveinin adark and quiet room. The SPECT scan was carried out with
athree-head Semens MultiSPECT 3 gamma camera equipped with high resolution collimators (Kuikka et
a 1993). Ten minutes after injection of the tracer, the radioactivity distribution of the brain was acquired in
a128x128 matrix mode. Data sets were acuired at 3° intervals for 35 s each, with atotal of 40 sets (120°
per camera head). Three and a hdf millimetre thick transaxia, sagitta, and corona dices were
recondructed using a Butterworth filter (a cut-off frequency of 05 cm ™) and a uniform attenuation
correction of 0.12 cm ™. The imaging resolution was 8-9 mm (Kuikka et a 1993). Two consecutive dices
were summed in order to obtain a dice thickness of 7 mm and visudly surveyed on a TV screen. Regiond
count dengties were caculated for fronta, tempora, parieta, and occipita cortices. The regiona counts



were related to the cerebedlar count and rCBF is expressed as the ratio for each region. The rater was not
aware of the clinical data on the subjects.

4.7. Electr oencephalogr aphy

The subjects were lying awvake during the recording of a conventional paper EEG with a 16 channd
recorder (10-20 system, time constant 0.3 s, low-pass filter 70 Hz). EEG was recorded with the subject’s
eyes closed. A trained technician chose four artefact-free epochs (8.19 s). Eye movements were monitored
on-line. The QEEG records were obtained from six bipolar derivations: T6-O2, T5-O1, C4-P4, C3-P3,
F4-C4, and F3-C3. The samples were digitized a a 125-Hz sampling frequency, stored and anayzed off-
line with a Hewlett Packard 310 computer. Every epoch was divided into three haf-overlapping 4 second
periods. Amplitude spectra were caculated for every 4 second period using Fast Fourier Transformation.
The final spectra was caculated by averaging these 12 spectra. The absolute and relative (percentage of
total) amplitude of delta (1.46-3.91 Hz), theta (4.15-7.32 Hz), dpha (7.57-13.92 Hz), beta (14.16-20.02
Hz) and fast beta (20.0-30.0 Hz) as well as peak frequency (4.15-13.92 Hz), mean frequency (1.46-
20.02 Hz), and combined alpha and theta frequency (4.15-13.92 Hz) were calculated (Penttil& et al 1985).
The amplitude parameters were transformed to natura-logarithm vaues prior to Satistica andys's (Gasser
et a 1982). The neurophysiologist was not aware of the subjects clinica data.

4.8. Event-related potentials

Habituation of auditory N100 was evduated by delivering 50 trains of tones to the right ear a 60 dB
above the hearing level. Each train conssted of four identical tones (800 Hz, duration 85ms) with an
interstimulusinterva (19) of 1 s Theintertrain intervd (IT1), i.e.,, the time from the offsat of the last tonein
atrain to the onset of the firgt tone in the following tran was 12 s.

Auditory P3 and mismatch negativity (MMN) were measured in separate sessons using an auditory
oddball paradigm with 85% of standard (800 Hz, duration 85 ms) and 15% of target (560 Hz, duration 85
ms) tones ddivered randomly with an ISl of 1 sto the right ear a 60 dB above the hearing levd. In the
visud oddbal paradigm, the simuli were presented on a computer screen. The standard stimuli (85%,
duration 100 ms) were white luminous squares and the target (15%, duration 100 ms) stimuli were dightly
larger squares with a thin-line circle drawn indde the square. The totd number of stimuli in both paradigms
was 600.

During the sessons for habituation and MMN, the subject was ingtructed not to pay attention to the
tones but instead to read a self-selected text. During the sessons for auditory and visud P3, the subjects
were asked to respond to each target stimulus by pressing a button.

The ERPs were recorded using Ag/AgCl eectrodes placed on the scalp according to the International
10-20 System. Both verticad and horizonta eye movements were monitored. All eectrodes were referred
to the right mastoid. EEG and eye movement sgnds were filtered with a bandpass of 0.5-100 Hz, and
digitized continuoudy a 256 Hz. The continuous data were transformed off-line to epochs of -100 to 900
ms relative to the onset of each simulus. Epochs containing eye movement artefacts were rgected using
both automatic and manua checking of data. The epoched data were averaged and filtered digitdly with a
low pass cut-off frequency at 20 Hz (3 dB point of 24 dB/octave roll-off).

ERP amplitudes were measured relative to the 100-ms pre-stimulus basdine except for auditory N100
which was measured from the preceding postive deflection at about 50 ms. MMN was measured as the



mean amplitude of the deviant-standard difference curve over the 100-270 ms range (Pekkonen et d
1994). The neurophysiologist was not aware of the subjects clinical data or diagnosis.

4.9. Statistical analysis

The data were analyzed by using the SPSS-PC 4.0 software. The results for continuous variables are
given asamean = SD. The leve of sgnificance was sat at p< 0.05. Chi-square test was used for testing
the differences in categorid data and to determine differences between the genotype frequencies across the
study groups, and z-gatistics for e4 dlee frequencies. Chi-square goodness-of -fit-test was used for testing
the differences of the e4 frequency between each of the study groups in a cross-sectiond study and in a
follow-up study. The differences between groups were assessed by univariate (ANOVA) or multivariate
andysis of variance (MANOVA) in both studies. The Duncan method was applied in post hoc andysis to
detect which groups differed sgnificantly. If the data did not meet the assumption of parametric methods,
we used Kruskdl-Wadlis analyss of variance over the subgroups, and the Mann-Whitney U-test to
detemine which groups differed from each other.

Student’ s t-test for independent samples were used to compare ERP and QEEG data between groups,
and the amplitude parameters of the QEEG were transformed to naturd logarithm vaues prior to statistica
andysis in the cross-sectiona study. In both studies the volumes, measured by MRI, were normdized for
the sagjittal intracrania area as described in the methods.

4.10. Approval of Ethics Committee

The present study was gpproved by the Ethics Committee of Kuopio Univerdity and Universty Hospitd.
The subjects provided written consent for participation in the study.



5.RESULTS
5.1. Cross-sectional study
5.1.1. Clinical characteristics of the study subjects

Table 3 shows the demographic data of the AAMI subjects and the controls. The AAMI subjects and
the controls did not differ sgnificantly in age, but the controls were better educated than the AAMI
subjects. There were dso significantly (p= 0.002) more office workers and subjects with higher education
in the control group. In the AAMI group, women were overrepresented.

In accordance with the criteriafor AAMI, the AAMI subjects had lower scores in memory tests (BVRT,
PAL) and dso in the MAC-Q, assessing subjective memory impairment. The AAMI subjects had lower
scores compared to controls in the Wechder Adult Intelligence Scae (WAIS) Vocabulary subtest,
however their intdlectua function was adequate (raw score of at least 32). The study subjects had no
clinicad dgns of dementia or depresson (GDS beow 15 in the both groups) dthough the AAMI subjects
had lower GDS scores than controls (p = 0.02) (Table 4).

The study groups did not differ in dcohol consumption (& 4 cl/ day) but there were sgnificantly more
smokers among the control subjects. The AAMI and control subjects did not differ in the presence of
concomitant diseases or in the use of estrogen during menopause, use of anti-inflammatory agents (Table
5) or any other drugs that might affect cognitive function. All participants were independent in their activities
of daly living.

Table 3. Demographic data of the subjects with AAMI and the controls at the basdine

AAMI CONTROLS

N 43 47
Women/Men 3112 24/23*
Age, years 69.9+54 71.1+40
Education, years 82+32 99+ 3.7*
Profession (%)*

Office worker 13 (30%) 20 (43%)

Advanced education 3 (7%) 12 (25%)

No specia education 20 (47%) 15 (32%)

Farmer 7 (16%) 0
Maritd State

Married 21 (49%) 30 (64%)

Snge 3 (7%) 7 (15%)

Divorced 3 (7%) 1 (2%)

Widow 16 (37%) 9 (19%)

Student’ s t-test was used for comparison for age and education and presented as mean + SD, ¢? - test for
other variables, * p< 0.05



Table 4. Performancein AAMI-testsin the AAMI subjects and the control subjects at the basdine

AAMI CONTROLS  F/ Effect
of group p
V-WAIS | 422175 504+69 212 0.001
MAC-Q | 288+3.1 266 £30 95 0.003
BVRT 52+10 7.7+0.8 156.1 0.001
PAL 141+18 178+20 682 0.001
GDS 6.7+4.2 46+33 6.8 0.011
MMSE 276+16 283+13 6.0 0.016

Vaues expressed as mean + SD; ANOVA (df = 1, 85), adjusted for age and education; n.s., not
sgnificant; V-WAIS, Vocabulary subtest of the Wechder Memory Scale; MAC-Q, Memory Complaint
Quedtionnaire; BVRT, Benton Visuad Retention Test; PAL, Pared Association Learning test; GDS,
Geriatric Depresson Scae; MM SE, Mini-Menta Status Examination

Table 5. Concomitant diseases, use of estrogen, anti-inflammatory drugs, acohol consumption and

smoking in the AAMI subjects and the control subjects a the basdine

AAMI CONTROLS
Discase:
Cardiac inqufficiency 1 2
Atrid fibrillation 0 1
Coronary heart disease 6 5
Myocardid infarction 0 0
Hypertension 7 11
Intermittent claudication 2 1
TIA 0 1
Stroke 0 0
Diabetes 0 2 (diet)
Psychiatric disorders 0 0
Other chronic disease 0 0
Medication:
Estrogen 2 2
Anti-inflammatory drugs 2 3
Alcohal users 7 7
Current smokers 1 6*

c? - test was used for comparisons, * p < 0.05



5.1.2. Cognitive functions in subjects with Age-associated memory impairment and control
subjects

The AAMI subjects showed a sgnificantly inferior performance as compared with controls in visud
memory tests both in immediate and delayed versons, VRI and VRD, and in averba memory test, BSRT,
sengtive to episodic memory function, and dso in the VRC and DSy-WAIS senditive to visuo-congructive
abilities (Table 6).

Compared to the controls, the AAMI subjects showed impaired performance in tests ng executive
functions. In the ST, speed for color naming did not differ but the performance was worse when there was
interference in the AAMI subjects. In the TMT, inferior performance was found in the AAMI subjects with
two speed vaiables, reflecting impairment both in psychomotor speed and in more complex executive
processing. In the WCST, the AAMI group made fewer correct choices and more errors of al types than
the control group. In the DSP-WAIS which requires attention and primary memory, performance did not
differ between the study groups (Table 6). We used cluster-analysis based on tests to assess visuospatia
abilities, to obsarve if there is a subclass with signs of pogerior cortica involvement in the AAMI group.
However, no such subclass could be characterized in the AAMI group (not presented in tables) .

Table 6. Memory, visuoconstructive and executive functionsin the subjects with AAMI and the control subjects at the
baseline.

AAMI CONTROLS F / Effect
of Group p

Episodic
Memory

VRI 103 + 27 128+ 30 123 0.001
VRD 75+ 38 10.7+ 35 133 0.0001
BSRT 36.7+ 86 409 + 74 38 0.05
Semantic
Memory

VFT-L 402 +148 478+ 148 36 n.s.
VFT-C 196 + 56 219 + 49 35 n.s.
Visuoconstructive
Functions

VRC 156 + 10 163 +15 5.6 0.02
DSy-WAIS 281+ 88 36.7+ 88 223 0.001
Executive
Functions

TMTA 540+ 180 444 + 180 42 0.04.
TMTB 1842 + 764 1175 + 481 131 0.001
WCST,

perseverative 49 + 53 18 + 28 Z=3.7# 0.001

errors

correct resp. 252+ 91 326 = 105 6.8 0.011
ST

colors,time (s) 406 + 11.2 366 + 100 24 n.s.
text, time(s) 870+ 391 710+ 154 6.1 0.016
DSp-WAIS

forward 55+10 57+10 0.2 n.s.

backward 40+11 45+11 24 n.s.

Results are mean + SD; ANOVA (df = 1, 85), adjusted for age and education; n.s., not significant; “Mann-Whitney U-
test; VRI, Visua Reproduction, immediate recall; VRD, Visual Reproduction, delayed recall; BSRT, Buschke Selective
Reminding Test, total recall; VRC, Visual Reproduction, copying the figures; VFT-L, Verbal Fluency Test using letters P,
A and S; VFT-C, Verbal Fluency Test using animal category; DSy-WAIS, Digit Symbol; TMTA, Trail Making Test A ;
TMTB, Trail Making Test B; WCST, Modified Wisconsin Card Sorting Test; ST, Stroop Test; DSp-WAIS, Digit Span



5.1.3. Magnetic resonance imaging findings

The normalized volumes of the right and left hippocampus of the AAMI subjects did not differ from those
of the contrals. In both groups, the mean volume of the right hippocampus was larger than the |eft.
Although the volume difference of the hippocampus (volume of the right hippocampus minus volume of the
left hippocampus) tended to be larger in the AAMI subjects than in the controls ( 8.6% / 7.8% , AAMI /
controls) it was gatisticaly nonggnificant (Table 7).

The normdized right and left amygdaoid volumes, and the volumetric difference between the left and
right amygdda in the AAMI subjects did not differ from those in the controls. In the controls and in the

AAMI subjects, the left amygdadawas larger than the right (Table 7).

Table 7. Normaized volumes of the hippocampus (HC) and the amygdaa (A) for the subjects with AAMI

and the control subjects at the basdine

AAMI CONTROLS
p
HCr 1745+ 26.1 169.9 + 24.5 n.s.
HC. 159.4+ 22.8 156.6 + 21.6 n.s.
HCr.L 151+17.8 13.3+19.0 n.s.
Ar 108.4 + 24.3 100.1+ 12.8 n.s.
AL 115.6 + 310 109.0+ 154 n.s.
ALr 74+215 8.9+ 159 n.s.

Vduesaremean = SD; ANOVA (df = 1,79); n.s,, not significant; HCg = right HC; HC, = left HC; HCk.

L= right-left HC; Ag=right A. A = left A; A r= left-right A

5.1.4. Single photon emission tomography findings

Mean activity of fronta, temporal, parietd and occipita regions of interest (ROI) did not differ between
the AAMI and the control groups (Table 8). Since absolute quantification with SPECT is not possible,
relative tracer activity was caculated as the ratio of mean (right and left) corticad ROI activity to mean (right
and |eft) cerebdlar activity. Cerebelar activity was chosen because the cerebdlum is not involved clinicaly

in the early stage of AD (Ishii et d 1997).



Table 8. Regiona cerebral blood flow presented as ratios of regions of interest activity to cerebellar
activity in the AAMI subjects and the control subjects a the basdine

AAMI CONTROLS
P
Right prefrontal 1.01 £ 0.06 1.08 £ 0.04 n.s.
Left prefronta 1.04 + 0.06 1.06 + 0.04 n.s.
Right frontal 1.01+0.07 099+0.11 n.s.
Left frontal 0.99 £ 0.06 097+0.11 n.s.
Right tempord 1.04 + 0.09 1.00+ 0.10 n.s.
Left tempora 1.01+0.09 098+ 0.11 n.s.
Right parietal 1.00 + 0.08 0.95+0.12 n.s.
Left parietal 0.95+ 0.07 092+0.12 n.s.
Right occipita 1.11+0.09 1.10+0.11 n.s.
L eft occipital 1.08 + 0.08 1.08 + 0.10 n.s.

Vauesare mean + SD; ANOVA (df = 1,49); n.s, not Sgnificant
5.1.5. Electroencephal ographic changes
In the AAMI subjects the overdl EEG amplitude was enhanced.

The means of absolute and rdlative spectrd EEG parameters in the subjects with AAMI and the control
subjects are presented in Tables 10- 15. The absolute amplitude of fast beta (20.0-30.0 Hz) was
significantly increased in the right and left frontal areas (F4-C4 and F3-C3, respectively, Table 9 and in
the right and left centro-parietal areas (C4-P4 and C3-P3, respectively, Table 10) in the subjects with
AAMI when compared with the controls. The absolute amplitude of beta was dso sgnificantly increased in
the left fronta lead (F3-C3, Table 9 and in the left temporo-occipital lead (T5-O1, Table 11). The
AAMI group had dso dgnificantly higher dpha amplitude in the right frontal lead (F4-C4, Table 9) than
the control group. Moreover, in the right frontal lead (F4-C4, Table 9, the subjects with AAMI had
sgnificantly higher delta and theta amplitudes than the controls. The pesk frequency was aso sgnificantly
higher in the left temporo-occipita lead (T5-O1, Table 11) in the AAMI group than in the control group.
Thevduesof rdative amplitudes did not differ between the groups (not presented in tables).



Table 9. Absolute delta, theta, apha, beta and fast beta amplitudes (mV), peak and mean frequency, and
mean frequency of combined apha and theta bands (Hz) with eyes closed in the left (F3-C3) and right
frontal (F4-C4) leads of EEG spectrain the subjects with AAMI and the control subjects

EEG paremeters AAMI CONTROLS
F3- C3lead (l&ft)
Absolute amplitude (nV)
Ddta 3.66 + 0.92 3.30+0.88
Theta 3.54+1.50 3.13+1.36
Alpha 8.55 * 4.56 6.97 £ 4.11*
Beta 6.16 £ 2.34 5.22 + 3.00*
Fast beta 6.86 £ 2.47 5.65 * 2.63*
Frequency (H2)
peak 8.74 £ 2.20 883217
mean 9.06 £ 0.38 8.89+0.35
mean ( apha+ theta) 10.19+ 0.75 9.88+0.73
F4 - C4lead (right)
Absolute amplitude
Ddta 4.00 £ 0.99 3.46 £ 0.91*
Theta 378+ 161 3.21 + 1.49*
Alpha 9.19+ 457 7.42 £ 4.00
Beta 6.62 + 2.82 54+ 261
Fast beta 6.97 + 2.28 5.86 + 2.26*
Frequency (H2)
peak 8.79+ 210 8.31+248
mean 9.03+ 041 8.92+0.37
mean ( dpha + thetd) 10.09 + 0.87 9.94 + 0.80

Vauesaremean £ SD; Thelog (x) for absolute values was used for statistical caculations, Student t-te<t,

* p < 0.05.



Table 10. Absolute delta, theta, apha, beta and fast beta amplitudes (nV), peask and mean frequency, and
mean frequency of combined apha and theta bands (Hz) with eyes closed in  the left (C3-P3) and right
centroparieta (C4-P4) leads of EEG spectrain the subjects with AAMI and the control subjects

EEG paremeters AAMI CONTROLS
C3- P3lead (l&ft)
Absolute amplitude (nV)
Ddta 348 (1.12) 3.31(1.03)
Theta 3.96 (1.70) 3.60 (1.67)
Alpha 11.21 (5.79) 10.51 (6.67)
Beta 6.92 (2.71) 6.20 (2.82)
Fast beta 7.00 (2.43) 5.94 (2.43)*
Frequency (H2)
peak 9.48 (1.88) 9.40 (2.24)
mean 9.14 (0.42) 9.03 (0.36)
mean ( apha+ theta) 10.38 (0.65) 10.15(0.79)
C4- P4 lead (right)
Absolute amplitude
Ddta 3.69 (1.22) 3.45 (1.09)
Theta 3.93(1.71) 3.58 (1.64)
Alpha 11.86 (5.64) 10.83 (7.00)
Beta 7.16 (2.80) 6.22 (2.89)
Fast beta 7.23 (2.66) 6.12 (2.24)*
Frequency (H2)
peak 9.36 (2.28) 9.00 (2.12)
mean 9.20 (0.44) 9.07 (0.36)
mean ( dpha + thetd) 10.38 (0.66) 10.14 (0.78)

Vauesaemean + SD; The log (x) for absolute values was used for Satistica caculations, Student t-te<t,

* p<0.05.



Table 11. Absolute delta, theta, apha, beta and fast beta amplitudes (nV), peak and mean frequency, and
mean frequency of combined dpha and theta bands (Hz) with eyes closed in the left (T5-O1) and right
temporo-occipital (T6-0O2) leads of EEG spectrain the subjects with AAMI and the control subjects

EEG paremeters AAMI CONTROLS

T5- 01 lead (l€eft)

Absolute amplitude (nV)
Deta 3.87(1.41) 3.53(1.22)
Theta 4.08 (1.85) 3.82(2.01)
Alpha 13.93 (6.52) 12.37 (8.06)
Beta 6.59+ 234 5.64 + 2.36*
Fast beta 576+ 2.27 50624

Frequency (H2)
peak 9.96 + 148 921+ 1.79*
mean 9.32(0.42) 9.17 (0.34)
mean ( apha+ theta) 10.16 (0.62) 9.97 (0.58)

T6-02lead (right)

Absolute amplitude
Ddta 3.87 (1.32) 3.80(1.42)
Theta 4.20 (2.09) 4.13 (2,29)
Alpha 14.02 (7.01) 12.94 (8.07)
Beta 6.49 (2.21) 5.95 (2.25)
Fast beta 5.84 (2.14) 5.43 (2.73)

Frequency (H2)
peak 9.63 (1.23) 9.17 (1.76)
mean 9.28 (0.14) 9.16 (0.34)
mean (dpha + theta) 10.14 (0.52) 9.96 (0.61)

Vauesaremean £ SD; Thelog (x) for absolute values was used for statistical cdculations, Student t-te<t,

* p < 0.05.



5.1.6. Event-related potential changes

In the AAMI group there were increased amplitudes and shortened latencies in the auditory ERP
components and aso the amplitudes of visud P1-N1 following attended visud stimuli were increased

The amplitudes of auditory N100 to the first and second tone were significantly increased in the
AAMI subjects, and the latencies were decreased (Table 12). The mismatch negetivity (MMN) area
(mean 100-270ms), reflecting brain activation caused by automatic deviance detection in the auditory
sysem (Kujdaet a 1995), did not differ sgnificantly between the AAMI subjects and the contrals.

Figure 1 shows the grand average wave forms for the first and second tones in a tone train which was
used to study the habituation of auditory N100 over centrd brain areas ( Cz) for the AAMI subjects
and controls.

Table 12. Auditory N100 habituation for non-attended stimuli at the vertex eectrode (Cz), and MMN
a the frontd eectrode (Fz) for the AAMI subjects and the control subjects at the basdline

Auditory parameters at Cz AAMI CONTROLS

p
1st N100 amplitude (nV) -16.1+ 4.8 -13.9+44 0.03
2nd N100 amplitude (mV) -13.2+ 34 -11.1+34 0.003
Ratio of 1st and 2nd N100 1.2+0.3 1.3+04 n.s.
1st N100 latency (ms) 106.4+ 8.1 1122+ 9.8 0.002
2nd N100 latency (ms) 101.0+ 8.6 107.9+8.9 0.0008
Mismatch negativity at Fz
MMN amplitude (V) -1.8+ 1.3 -1.6+ 1.0 n.s.

Vauesare mean = SD, Students t-test; n.s,, not significant



Figure 1 The grand average event-related responses at the vertex eectrode (Cz) to the first (upper
panel) and second (lower pand) tone of atrain of four tones for the AAMI subjects (thick lines) and the
controls (thin line). In the lower pand, two extra dashed lines have been drawn to emphasize the latency
difference.
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The only dgnificant difference in the latencies of attended ERPs emerged in the auditory oddball
paradigm for auditory N100 which showed a smilar shortening of latency as in the habituation
paradigm. Amplitudes of first cortical deflections, visud P1, N2 and especiadly P1-N1 (peak-to-peak)
were increased at the parieto-occipital eectrodes in the AAMI subjects (Table 13). There were no
sgnificant differences between the two groups in any of the visud P3 parameters. Figure 2 shows the
grand average waveforms dicited by standard and target visud stimuli in the attended condition over
parietal brain areas (Pz).



Table 13. Mean auditory N100 and N200 parameters at the vertex eectrode (Cz), and visud
parameters at the parietal dectrode (Pz) for the AAMI subjects and the control subjects in the attended

condition at the basdine

Auditory stimuli at Cz AAMI CONTROLS

p
N100 amplitude (mV) -75+24 -6.6+ 2.9 n.s.
N100 latency (ms) 1040+ 7.8 107.2+7.1 0.04
N200 amplitude (mV) -5.3+5.6 -4.3+6.2 n.s.
NZ200 latency (ms) 2495+231 2542+224 n.s.
Visual stimuli at Pz
P1 amplitude (MV) 28+26 17+17 0.03
P1 latency (ms) 1232+ 157 126.1+20.3 n.s.
P1-N1 amplitude (nV) 55+28 38+26 0.004
N2 amplitude (mV) -3. 7147 -1.7+£3.7 0.02
N2 latency (ms) 3126+ 293 3195+ 315 n.s.

Vauesare mean + SD, Studentst-test; n.s,, not significant

Figure 2. The grand-average waveforms in the parietd midline eectrode (Pz) following standard (upper
pand) and target (lower pand) stimuli in a visud oddbal task for the AAMI subjects (thick lines) and for

the controls (thin lines)
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5.1.7. Frequency of different Apolipoprotein E alleles

The AAMI subjects had a higher frequency of the ApoE e4 alee than the control subjects, but this
difference was not atigticdly sgnificant. The e4 frequency for the AAMI subjects was 0.24 compared to
0.15 for the controls (Table 14).

Table 14. Apalipoprotein E genotypes and allele frequencies in the AAMI subjects and the controls a the
basdine

Genotype AAMI CONTROLS
n=42 n=47

2/3 1 6

2/4 1 1

33 24 30

3/4 13 7

4/4 3 3

Allele frequency

e2+e3 0.76 0.85
e4 0.24 0.15

c? -tegt, not significant; Z-gtatistics for e4 dlele frequencies

5.2. The influence of Apolipoprotein E genotype in Age-associated memory impair ment subjects
and control subjects

The AAMI and the control subjects were divided into two groups according to their ApoE genotype: a
group with one or two e4 alleles (e4+) and a group without any e4 alleles (e4-). Age did not differ
between groups. The AAMI subjects were less educated overdl than the control subjects but this finding
was independent of the ApoE genotype as were dso the scores of AAMI tests. There was aso no
sgnificant interaction between ApoE and group (Tablel5). There were more women in the AAMI e4 +
group (77%) than in the control e4 + group (24%)(c?, p = 0.003).



Table 15. Clinica characterigtics and performance in AAMI tests in the AAMI subjects and in the control

subjects with one or two e4 dldes (e4+) or without the e4 dlde (e4-).

AAMI CONTROLS F

ed+ e4- e4+ e4- p*
N 17 25 11 36
Women/men |13/4 18/7 a7 20/16
Age, year 685+6.2 70.7+4.7 721+36 70.7+4.1 n.s.
Educetion,y |7.7+29 83%34 111+42 94+34 7.69 a) 0.007
MMS 27617 275%x15 287+09 281+14 6.18 a) 0.015
BVRT 5311 5109 7.7+£08 77x08 135.24 @) 0.0001
PAL 141+17 140%19 170+16 180+20 5133 &) 0.0001
MACQ 203+36 285%26 259+35 267+28 1334 &) 0.0001
GDS 69+41 69+43 3625 49+35 8.93 a) 0.004

Vdues are mean = SD; ANOVA (df = 1,85); * effect of group; n.s, not sgnificant MMS, Mini-
Mentd Status Examination; BVRT, Benton Visud Retention Test; PAL, Pared Associaion Learning
test; MACQ, Memory Complaint Questionaire; GDS, Geriatric Depresson Scale.

5.2.1. Memory, visuoconstructive and executive functions

The changes in cognitive functioning, excluding DSy-WAIS, was independent of the effect of ApoE
genotype in the study groups (Table 16). In the DSy-WAIS, there was a main effect of group and an
interaction effect between group and ApoE: the AAMI group was inferior to control group. Post hoc test
showed that the e4 carriers were more impaired than the non-carriers only in the control group (F [1, 40]
=47, p<0.05).



Table 16. Memory, visuocondructive and executive functions in the AAMI subjects and the control
subjects with one or two ApoE e4 dlees (e4+) or without the e4 dlde (e4-) at the basdine

AAMI CONTROLS F
ed+ e4- ed+ e4- p
Episodic
Memory
VRI 102+3.1 104+25 134+27 125+2.9 1517 a) 0.000
VRD 75+ 47 75+ 3.0 10.8+ 4.0 106+ 3.3 1265 a) 0.001
BSRT 359+9.2 37.2+84 37.7+94 417+ 6.6 n.s.
Semantic
Memory
VFT-L 418+136 36.1+137 497+10.7 452+ 157 588 a)0.017
VFT-C 19.0+5.7 199+57 20.2+49 225+48 n.s.
Visuoconstructi
ve Functions
VRC 160+ 1.0 153+ 0.%4 16.3+0.74 163+15 445 Q) 0.038
DSy-WAIS 31.2+8.2 26.1+8.7 320+£7.0 380+8.9 9.5 a) 0.003
730 ¢)0.008
Executive
Functions
TMTA 508+ 153 56.1+19.8 502+206 428+ 16.0 n.s.
TMTB 1462+729 1491+79.6 131.2+60.1 1131+450 39 a)0.053
WCST,
perseverative |[52+5.9 46+4.8 07+£20 22+29 8.6 a) 0.004
errors
correct resp. 246+ 8.7 25.7+9.4 306+122 331+100 741  a) 0.008
ST
colors time(s) {420+ 152 389+7.2 374+54 36.3+10.7 n.s.
text, time (9) 827+29.7 839%+357 730+124 705+16.1 n.s.
DSp- WAIS
forward 53+0.6 56+1.0 6.0+1.3 56%0.9 n.s.
backfard 40+1.0 41+1.2 48+0.9 45+1.2 n.s.

Values are mean £ SD; ANOVA (df = 1, 85), a) effect of group; b) effect of ApoE; c) interaction effect of
group and ApoE; n.s, not sgnificant; VRI, Visua Reproduction, immediate recal; VRD, Visua
Reproduction, delayed recall; BSRT, Buschke Sdective Reminding Test, tota recdl; VRC, Visud
Reproduction, copying the figures, VFT-L, Verba Fluency Test using letters P, A and S; VFT-C, Verba
Fluency Test using anima category; DSy-WAIS, Digit Symbol; TMTA, Trail Making Test A ; TMTB, Trall
Making Test B; WCST, Modified Wisconsin Card Sorting Test; ST, Stroop Test; DSp-WAIS, Digit Span



5.2.2. Magnetic resonance imaging

There was no main effect of group or ApoE nor any interaction effect between group and ApoE on the
MRI volumetry in the sudy groups (Table 17).

Table 17. Normdized volumes of the hippocampus (HC) and the amygdda (A) in the AAMI subjects and

the control subjects with one or two ApoE e4 dldes (e4+) or without the e4 dlde (e4-)

AAMI CONTROLS
ed+ e4- ed+ e4- p

HCx 173.6+27.9 1746+ 263 171.6 £ 17.5 169.4 + 26.3 ns
HC. 156.6+28.7 1611+ 19.2 157.9 + 24.4 156.2 + 21.2 ns
HCre |17.0+16.6 13.5+ 18.8 13.8+ 16.8 13.2+20.1 ns
Ar 1048+ 184  110.7+27.8 104.4+ 9.7 98.8+ 135 ns
AL 1145+ 361  116.6+ 2838 103.7 £ 12.9 1105 + 15.9 ns
ALr 9.7+328 59+ 111 07+ 127 117+ 15.8 ns

Vaues expressed as mean = SD; ANOVA (df = 1,76); n.s,, not sgnificant; HCr = right HC; HC_ = Ieft
HC, HCg. = rlght-left HC, Ar= rlght A A= |eft A; A r= |dt-r|ght A

5.2.3. Single photon emission tomography

Mean activity of the right (F [1,46] = 6.35, p= 0.015) and left (F [1,46]= 5.60, p= 0.022) prefrontal
ROIs (referred to the cerebelar activity) were dightly lower in the control subjects with one or two e4
aldles compared with the controls without the e4 dlde. In the AAMI subjects, the effect of the e4 dlde
was opposite (Table 18). The post hoc test showed that the e4 carriers differed from the non-carriers in
the control group ( for right prefrontal activity F[1,20] = 14.5, p < 0.001, and for left F[1,20] = 11.7, p <
0.003).

Table 18. 9mTc-HMPAO SPECT results both in the AAMI subjects and in the control subjects with
one or two ApoE e4 dldes (e4+) or those without the e4 dlele (e4-). Vaues expressed as mean + SD;
ANOVA (df = 1,46); n.s, not sgnificant, * interaction effect of group and ApoE.

AAMI CONTROLS

ed+ e4- ed+ ed- p*
Right prefrontal 1.07 £ 0.05 1.05 £ 0.06 1.03+0.03 1.09+0.03 0.015
Left prefrontal 1.06 + 0.05 1.03 £ 0.06 1.01+0.04 1.07+£0.03 0.022
Right frontal 1.00 £ 0.10 1.02 £ 0.06 1.02+0.04 099+0.12 ns
L eft frontal 0.97 +0.08 1.00 + 0.06 1.00 £ 0.05 097+012 ns
Right tempord 1.02+0.13 1.04 + 0.07 1.05+ 0.02 099+011 ns
L eft tempordl 1.00+0.11 1.01+0.09 1.02 £ 0.03 097+012 ns
Right parietal 0.97+0.12 1.00 £ 0.06 1.01£0.05 094+0.13 ns
Left parietdl 0.94+0.10 0.96 = 0.06 0.96 + 0.06 091+0.13 ins
Right occipita 1.10+£0.12 1.11+0.08 1.15+ 0.06 1.08+£0.11 ns
L eft occipitd 1.08 + 0.11 1.08 + 0.07 1.11+0.04 1.08+0.11 ns




5.2.4. Electroencephal ography

Minor changes were observed in the EEG parameters. Unexpectedly, the mean frequency was higher
and the EEG dow wave activity decreased in the e4 carriers compared with the non-carriers in the AAMI
group and the control group.

The mean frequency of the apha and thetarange was higher in the e4 carriers in the left fronta (F3-C3,
F[1,70]=5.4, p=0.023; Table 19) and in the right and the left temporo-occipita leads (T6-O2,
F[1,79]=12.1, p=0.001 and T5-0O1, H1,79]=8.1, p=0.006, Table 20). The mean frequency was higher
inthe e4 carriers in the left frontd (F3-F4, F [1,70]=4.9, p=0.03, Table 19) and in the right temporo-
occipital lead (T6-O2, F[1,78]=4.3, p=0.04, Table 20).

The rdative theta amplitude was sgnificantly decreased in the left frontal lead (F3-C3, H1,70]=7.2,
p=0.009, Table 21) and dso the reative deta amplitude was decreased in the left frontd lead (F3-
C3,F[1,70]=4.1,p=0.046, Table 24) and the right and |eft temporo-occipita leads (T6-O2, F [1,78]=4.0,
p=0.05 and T5-01, F[1,79]=4.4, p=0.039, Table 25) for the e4 carriers compared with the non-carriers
in both groups.

The relative vaue of the beta amplitude was sgnificantly higher in the right temporo-occipitd lead (T6-
02, F[1,78]=4.4, p=0.039, Table 22) for the e4 carriers than the non-carriers in the study groups.

No main effect of group or the interaction effect between ApoE and group were seen in QEEG
parametersin the study groups.



Table 19. Absolute delta, theta, apha, beta and fast beta amplitudes (nV), peak and mean frequency, and
mean frequency of combined apha and theta bands (Hz) with eyes closed in the left (F3-C3) and right
frontal (F4-C4) leads of EEG spectrain the subjects with AAMI and the control subjects with the e4 dlde

(e4+) or without the e4 dlde (e4-)

EEG parameters AAMI CONTROLS
ed+ e4- ed+ e4- p*
F3- C3lead (left)
Absolute amplitude (MV)
Deta 3.34+091 3.92+0.87 352+1.39 324+0.69 ns
Theta 3.01+£0.71 3.96+1.83 331+1.20 308+141 ns
Alpha 7.83+3.18 9.10+ 542 8.39+4.02 6.59+4.10 ns
Beta 6.21+ 233 6.12+ 241 5.69 +2.22 508+319 ns
Fast beta 736+ 2.74 6.47 £ 2.25 6.63 £ 3.07 538+248 ns
Frequency (Hz2)
peak 9.26+1.98 8.33+233 882+ 204 883+223 ns
mean 9.22+0.32 8.93+0.38 8.98 + 0.39 886+0.35 0.03
0
mean ( apha + theta) 10.51 + 0.62 9.94+0.77 10.10+0.62 9.82+0.76 0.02
3
F4- C4lead (right)
Absolute amplitude
Dedta 390+1.20 4.06 + 0.86 342+ 1.07 347+0.88 ns
Theta 340+ 1.02 4.01+1.88 3.27+£0.99 319+161 ns
Alpha 8.60 * 3.60 9.56 + 5.16 9.38 + 3.87 6.90+£ 393 ns
Beta 6.57 + 3.15 6.67 + 2.68 6.13 £ 2.70 521+260 ns
Fast beta 6.97 £ 2.37 6.96 + 2.28 6.52 £ 2.39 568224 ns
Frequency (Hz)
peak 8.95+ 2.06 8.69+ 217 894+1.95 815+2.60 ns
mean 9.14+0.35 8.96 + 0.44 9.08+0.41 888+0.35 ns
mean ( apha + theta) 10.23+ 0.79 1001+093 10.19+069 987+0.82 ns

Vauesare mean = SD; The log (x) for absolute values was used for statistica caculations, ANOVA (df =
1,78); * effect of ApoE; n.s., not sgnificant



Table 20. Absolute delta, theta, apha, beta and fast beta amplitudes (nV), peak and mean frequency, and
mean frequency of combined dpha and theta bands (Hz) with eyes closed in the left (T5-O1) and right

temporo-occipital (T6-0O2) leads of EEG spectrain the subjects with AAMI and the control subjects with
the e4 dlde (e4+) or without the e4 dlde (e4-).

EEG parameters AAMI CONTROLS
ed+ e4- e4+ e4- p*
T5- O1 lead (left)
Absolute amplitude (nV)
Ddta 344 +0.76 418+ 1.70 358+121 352+124 ns
Theta 370+131 435+ 215 3971165 377+212 ns
Alpha 1322+552 1445+724 1380+ 6.65 1196+846 ns.
Beta 6.62 £ 2.35 6.58 + 2.39 6.77 £ 2.29 532+232 ns
Fast beta 6.17+ 251 547+ 2.09 6.41+ 297 467+211 ns
Frequency (Hz)
peak 9.96 + 1.65 899+ 179 10.33+1.38 9.70£151 ns
mean 9.46 + 0.50 922+0.34 930+ 0.34 913+033 ns.
mean ( alpha + theta) 1036+ 059 1001+061 10321051 9.87+056  0.006
T6- 02 lead (right)
Absolute amplitude
Ddlta 344+091 419+ 150 382+203 379+122 ns
Theta 361+137 463+ 244 420+ 190 410+242 ns.
Alpha 1285+589 1487+774 1458+ 7.70 1246+822 ns.
Beta 6.50+ 1.86 6.49 + 2.47 711+ 230 561+216 ns
Fast beta 6.25 £ 2.06 554+ 220 7.37+4.67 486+ 151 ns.
Frequency (Hz)
peak 1006+ 137 932+103 879+ 142 928+185 ns.
mean 942 + 047 918+ 0.34 9.25+ 0.37 914+033 0.042
mean ( apha + theta) 1039+ 046 9.95+0.49 10.32 + 0.46 985+0.61 0001

Vauesaremean + SD; Thelog (x) for absolute values was used for Satistica caculations, ANOVA (df =

1,78); * effect of ApoE; n.s., not sgnificant



Table 21. Reative ddta, theta, dpha, and beta amplitudes (%) with eyes closed in the left fronta (F3-
C3), theright frontal (F4-C4), the left (T5-O1) and right temporo-occipital (T6- O2) leads of EEG spectra
in the subjects with AAMI and the control subjects with the e4 dlde (e4+) or without the e4 dlde (e4-)

Relative amplitude (%) | AAMI CONTROLS
ed+ ed- ed+ ed- p*
F3 - C3lead (left)
Ddta 169+4.0 191 £52 171 +34 20.2+5.6 0.046
Theta 151+18 181+50 16.0+22 176+ 3.1 0.009
Alpha 37751 401+15 394x7.2 351+6.6 n.s.
Beta 304+47 280+6.0 275+6.2 27.1+46 n.s.
F4 - C4lead (right)
Ddta 182+54 183+6.1 16.0+33 20.0 £5.3 n.s.
Theta 156+23 166+33 152+27 171+ 3.0 n.s.
Alpha 37.7+t66 37.7+80 41.8+6.6 35.3+£6.3 n.s.
Beta 28657 274+64 270+ 59 275+ 5.3 n.s.
T5- O1 lead (left)
Ddta 134+ 34 151+45 133+ 27 160+ 4.7 0.039
Theta 141+ 35 145+24 142+ 22 156+ 27 n.s.
Alpha 478+ 8.0 469+ 8.0 474+ 8.1 454 + 8.8 n.s.
Beta 235+£54 23554 252+64 23.0+£5.0 n.s.
T6- O2 lead (right)
Ddta 13.7+32 150+4.1 131+29 162+5.3 0.05
Theta 139+ 27 151+28 143+ 23 158+ 3.0 n.s.
Alpha 47.1+ 8.8 47.2+8.0 474 +£7.8 451+8.6 n.s.
Beta 253+5.1 22.7+49 25350 229+ 48 0.039

Vauesaemean + SD; The log (X/(1-x)) for relaive vaues was used for datistical caculaions. ANOVA

(df=1,65); * effect of ApoE ; n.s, not Sgnificant



5.2.5. Event- related potentials

Auditory N100 habituation was sgnificantly impaired in the AAMI subjects especidly in the e4 carriers
compared the control groups in the non-attended condition at the vertex electrode (Cz, Table 22): The
mean ratio of 1t and 2nd N100 amplitude was shorter in the e4 carriers than noncarriers in the AAMI
group whereas it was the opposite in the control group (F[1,45]=4.3, p=0.05). The post hoc test showed
that the e4 carriers differed from the non-carriersin the AAMI group ( F[1,22] = 5.4, p< 0.05).

Table 22. Auditory N100 habituation for non-attended stimuli a the vertex eectrode (Cz) both for the
AAMI and control subjectswith at least one e4 dlee (e4+) or those without the e4 dlee (e4-)

Auditory parametersat Cz | AAMI CONTROLS

ed+ e4- ed+ e4- p
1st N100 latency (ms) 109.0£ 9.5 1050+ 7.6 108.1+15.2 1135+ 7.4 &) 0.020
1st N100 amplitude (nV) -146+ 4.8 -16.6+5.0 -123+2.2 -144+48 ns.
2nd N100 latency (ms) 101.2+8.1 1006+£9.1 1044+11.1 109.0+8.0 a) 0.006
2nd N100 amplitude (mV) -141+4.2 -129+ 34 -95+£3.0 -11.6+34 @003
Ratio of 1st and 2nd N100 1.04+£0.2 129+0.2 145+0.7 125+0.3 ) 0.05
amplitude (V)

Vauesaemean + SD, ANOVA (df = 1,45); a) effect of group, b) effect of ApoE, c) interaction effect of
group and ApoE; n.s,, not sgnificant

A minor differences were seen in auditory ERP parameters in the atended condition at the vertex
electrode (Cz, Table 23). The mean latency of auditory N100 was shorter in the AAMI group thanin the
control group. Furthermore there was no difference between the groups on the mean latency or amplitude
of P300 (not presented in tables). The mean latency of visual N2 was shorter in the e4 cariers than in the
noncarriers in both of the groups (F[1,73]=4.4, p=0.04) in the attended condition &t the parieta eectrode
(Pz, Table 23).

Table 23. Mean auditory parameters at the vertex eectrode (Cz) and visua parameters at the parieta
electrode (Pz) in the attended condition both for the AAMI and control subjects with at least one e4 dlde
(e4+) or those without the e4 dlele (e4-). Values are mean + SD, ANOVA (df = 1,77); @) effect of group, b)
effect of ApoE, c) interaction effect of group and ApoE; n.s., not significant

Auditory stimuli at Cz AAMI CONTROLS

ed+ e4- e4+ e4- p
N100 latency (ms) 1073+49 1014+89 1033+7.1 1083+ 6.8 a) 0.03
N100 amplitude (nV) -82+21 -71+25 -6.0+34 -6.8+2.8 n.s.
N200-P300 amplitude (mV/) 154+69 124+69 93+51 149+ 8.6 n.s.
Visual stimuli at Pz
N1 latency (ms) 1693+ 10.7 1724+174 1716+237 1764+247 ns
N1 amplitude (nV) 2427 -380+ 2.1 -1.8+32 -21+17 n.s.
P1-N1 amplitude (nV) 53+31 57+26 38+32 38+24 a) 0.004
N2 latency (ms) 3024+276 3207+287 3103+346 3225+304 b)0.04
N2 amplitude (nV) -40+5.3 -35+4.3 -06+3.9 -21+36 a) 0.04




5.3. Follow-up study
5.3.1. Subjects

The 36 subjects of 90 subjects who participated in the cross-sectiona study, as pilot subjects, were
asked to participate in the follow-up study 2.8 yearslater. Out of those 36 subjects, two had moved away
from the region and were unable to be relocated for re-evauation and another subject was unwilling to
participate further. Firstly, we analyzed the data for the AAMI and the control groups (Study 1).
Secondly, due to the smdl number of the study subjects in the follow-up, the AAMI and the control
subjects could not be divided into two groups according their ApoE genotype. For this reason, the data
was andyzed for two groups. homozygous or heterozygous for e4 (e4+), and subjects without the e4 dlde
(e4 -) (Study 2). Table 24 ligsthe clinica characterigtics of the subjectsin Study 1 and Study 2.

Table 24. Clinica characteristics of the subjectsin Study 1 and Study 2

STUDY 1 STUDY 2
AAMI CONTROLS ed+ ed-
p p
N 15 18 n.s. 16 17 n.s.
Women/men 11/ 4 7/ 11 0.05* 8/8 10/7 n.s*
Age a basdine 67.2+6.9 68.7+ 3.9 n.s 67.6+6.0 68.5+ 5.1 n.s.
Education, y 8.0+33 11.7 + 3.6 0.005 100+44 10.0+ 35 n.s.

Vaues expressed as mean + SD; P-value obtained by Student’ st-test, except *c2 n.s, not significant

5.3.2 A follow-up of subjects with Age-associated memory impairment and control subjects
(Study 1)

5.3.2.1. Memory, visuoconstructive and executive functions

The AAMI subjects differed from the controls in AAMI-tests at the basdline but ther performance in
those tests had not deteriorated during the 2.8 year follow-up period. The control subjects maintained thelr
superior performance in AAMI tests but they did show a sgnificant decline in their scores in the BVRT
(F[1,30]=4.91, p=0.03, Table 25).



Table 25. Parformance in AAMI-tests in the subjects with AAMI and the control subjects at the basdline
and after the 2.8 year-follow-up (Study 1)

AAMI CONTROLS Effect F / Effect of
of time and
time,p  group
p
V-WAIS, Badine | 428+ 7.9 504+7.8 n.s. n.s.
Follow-up 43.7+8.3 505+ 7.7
MMSE, Basdine 278+ 17 285+11 n.s. n.s.
Follow-up 2712+22 28.1+1.6
MAC-Q, Basdine 30.6+3.3 260+ 3.1 n.s. n.s.
Follow-up 31.2+22 265+ 4.0
BVRT, Badine 53+1.2 8.0+0.7 n.s. 491 0.03
Follow-up 53+15 70£13
PAL, Badine 135+ 15 18.0+ 2.0 n.s. n.s.
Follow-up 146 + 3.6 16.8+2.1
GDS, Badine 79+ 44 35+35 n.s. n.s.
Follow-up 8771 40+ 34

Values expressed as mean £ SD; MANOVA (df=1,30) adjusted for education; n.s, not sgnificant;
BVRT, Benton Visud Reproduction Test; PAL, Paired Associated Learning subtest from the Wechder
Memory Scae, MMSE, Mini-Menta State Examination; MAC-Q, Memory Complaint Questionnaire; V-
WAIS, Vocabulary from the Wechder Adult Intelligence Scale; GDS, Geriatric Depression Reting Scale

The subjects with AAMI showed a dgnificant decline in scores in the BSRT sendtive to episodic
memory function whereas the control subjects did not show any dgnificant deterioration. Multivariate
andysis of variance for repeeted tests showed a Sgnificant effect of time (F[1,29]=8.22, p=0.008) and an
interaction between time and group (AAMI / controls) (F[1,29]=4.58, p=0.04) in BSRT during the follow-
up time of 2.8 years. Post hoc andysis showed that the AAMI subjects dso recaled fewer words in the
BSRT after the dday (F[1, 29] = 10.17, p= 0.003 ) in the follow-up examination (Table 26).

The AAMI subjects performed better in the WCST (F[1,25]=5.34, p= 0.03) as well asin the ST after
the 2.8 year follow-up than at the basdine vist. The control subjects dso performed better in the ST a the
follow-up examination than a the basdine. There was a significant effect of time (H1,30]=6.32, p=0.02)
and an interaction between time and group (F[1,30]=7,72, p=0.009) on VFT-C during the follow-up
period of 2.8 years. The control subjects showed a significant decline in scores in the VFT-C sengtive to
semantic memory and language function (Table 26).



Table 26. Memory, visuocongructive and executive functions in the subjects with AAMI and the control

subjects at the basdine and after the 2.8-year follow-up (Study 1)

AAMI CONTROLS  F/ Effect F/ Effect of time
of time p and group p
Episodic
Memory
VRI, Basdline 103+34 130+ 29 n.s. n.s.
Follow-up 10.7+4.0 126+25
VRD, Basdine 84+44 109+ 36 n.s. n.s.
Follow-up 8050 111+ 36
BSRT, Basdline 375+ 76 26+57 822 0.008 458 004
Follow-up 328+73 419+6.1
Semantic
Memory
VFT-L, Basdine 3751120 465+ 133 n.s. n.s.
Follow-up 24+14.7 46.1+16.0
VFT-C, Badine 201+59 228+ 4.6 6.32 0.02 7.72 0.009
Follow-up 191+50 196+5.1
Visuoconstructive Functions
VRC, Basdline 159+ 09 165+ 13 n.s. n.s.
Follow-up 159+12 158+12
DSy-WAIS, Baseline 305+ 103 392+ 10.7 n.s. n.s.
Follow-up 31.2+ 120 41.7+113
Executive
Functions
TMTA, Baseline 509+ 170 440+ 170 n.s. n.s.
Follow-up 5721+ 264 406+125
WCST
perseverative errors,
Baseline 51+6.7 09+18 n.s. n.s.
Follow-up 2641 39+ 101
correct resp.,Baseline 243+94 375+78 n.s. 534 0.03
Follow-up 31.6+98 349+ 138
ST
colorstime (s), Baseline 446+ 16.3 392+143 9.6 0.004 n.s.
Follow-up 379+ 117 334+71
text, time (s), Baseline 812+ 345 716+ 180 n.s. n.s.
Follow-up 789+ 328 69.6+ 164
DSp-WAIS
forward, Baseline 55+08 58+0.8 n.s. n.s.
Follow-up 56+09 57+09
backward, Baseline 43+13 48+13 n.s. n.s.
Follow-up 42+09 45+09

Results are mean + SD; MANOVA (df = 1, 29), adjusted for education; n.s., not significant; “Mann-Whitney
U-test; VRI, Visud Reproduction, immediate recal; VRD, Visua Reproduction, delayed recal; BSRT,
Buschke Sdlective Reminding Test, total recal; VRC, Visua Reproduction, copying the figures, VFT-L,
Verba Fluency Test using letters P, A and S; VFT-C, Verbal Fluency Test using animal category; DSy-
WAIS, Digit Symbol; TMTA, Trall Making Tet A ; TMTB, Trail Making Test B; WCST, Modified

Wisconsin Card Sorting Test; ST, Stroop Test; DSp-WAIS, Digit Span



5.3.2.2. Magnetic resonance imaging

Hippocampa volumes significantly decreased in both of the groups during the follow-up period (Table
27). There was no dgnificant interaction effect between time and group (AAMI / controls). The annud
decline in the right hippocampus was 5.0% / 4.2% and 4.1% / 4.0% in the left hippocampus for the
AAMI/ control subjects. The decline in the right hippocampa volume of the AAMI subjects tended to be
greater than in the control subjects.

Table 27. Normaized volumes of the hippocampus (HC) in the subjects with AAMI and the control
subjects at the basdine and after the 2.8-year follow-up (Study 1)

AAMI CONTROLS F/ Effect Effect of
of time time and
P group, p
HCr
Basdine 1769+ 314 174.7 £ 19.9 69.16 0.0001 ns
Follow-up 148.1 + 33.9 153.6 + 14.8
Decline %/ year 50+1.8 42+29
HC.
Basdine 161.9 + 30.6 152.7+17.6 49.10 0.0001 ns
Follow-up 138.9+ 219 133.1+15.9
Decline %/ year 41+28 40+ 26
HCr.L
Basdine 15.6+16.9 219+116 n.s n.s.
Follow-up 92+17.6 205+ 115

Vaues expressed as mean + SD; MANOVA (df = 1,23); n.s,, not significant; HCr = right HC; HC_ = Ieft
HC, HCg. = rlght-ldt HC,

5.3.2.3. Frequency of different Apolipoprotein E alleles

The AAMI subjects had a higher frequency of the e4 alde than the control subjects, but this difference
was not daidicdly ggnificant. The e4 frequency for the AAMI subjects was 0.47 compared to 0.16 for
the controls (Table 28). However, there was a significant difference in the e4 frequency between the
AAMI subjects in the cross-sectiona study and in the follow-up study, chi-square goodness-of-fit-test (c*
=90, df=2, p=0.011). This difference was not seen between the control subjectsin these two studies.



Table 28. Apolipoprotein E genotypes and dlee frequencies in the AAMI subjects and the controlsin a
follow-up study (Study 1)

Genotype AAMI CONTROLS
n=15 n=18

2/3 1 1

214 0 0

3/3 3 12

3/4 8 4

4/4 3 1

Allele frequency

e2+e3 0.53 0.84

ed 0.47 0.16

c’test; z-gtatistics for e4 dlde frequency; not significant

5.3.3. Theinfluence of Apolipoprotein E genotype in the follow-up study (Study 2)

We andyzed the data for two groups: subjects homozygous or heterozygous for e4 (e4+), and subjects
without the e4 dlele (4 -) (Table 24). The study subjects displayed no sgns of depresson (Geriatric
Depression Rating Scale, values below 15 for both groups).

5.3.3.1. Memory, visuoconstructive and executive functions

AAMI tests Scoresin BVRT (F[1,30]=5.42, p=0.03) significantly decreased in both of the groups during
the follow-up period (Table 29). There was no interaction between time and group in AAMI tests.



Table 29. Paformance in AAMI tests in the e4 carriers (e4+) and the noncarriers (e4-) at the basdine

and after the 2.8-year follow-up period (Study 2)

e4+ e4- F/ Effect of
Effect of time and
time group,
p p
V-WAIS, Badine | 46.5+9.7 46.7+ 7.6 n.s. n.s.
Follow-up 48.6 + 9.8 454+ 70
MMSE, Basdine 28.1+16 283+14 n.s. n.s.
Follow-up 276+ 20 279+1.9
MAC-Q, Basdine 28.3+4.8 279+31 n.s. n.s.
Follow-up 294+ 3.8 28.0+4.3
BVRT, Badine 6.1+1.8 74+12 5.42 0.03 n.s.
Follow-up 6.0+19 6.6+ 1.3
PAL, Badine 153+ 25 17.3+29 n.s. n.s.
Follow-up 151+ 36 16.8+ 2.3
GDS, Badine 59+46 53+46 n.s. n.s.
Follow-up 70+6.7 54+51

Vaues expressed as mean £ SD; MANOVA (df= 1,30) adjusted for education; n.s,, not significant;
BVRT, Benton Visua Retention Test; PAL, Paired Associated Learning Test; MMSE, Mini-Mental State
Examination; MAC-Q, Memory Complaint Questionnaire; V-WAIS, Vocabulary subtest of the Wechder
Memory Scae; GDS, Geriatric Depression Scale.

The subjects with one or two ApoE e4 dldes showed a ggnificant decline in scores in the BSRT which
IS sendtive to episodic memory function whereas the e4 noncariers did not show any sSgnificant
deterioration. Multivariate andyss of variance for repeated tests showed a sgnificant effect of time
(F[1,29]=8.24, p=0.007) and an interaction between time and group (e4+ / e4-) (F[1,29]=5.29,
p=0.003) on BSRT during the follow-up time of 2.8 years. Post hoc andlys's showed that the e4 carriers
aso recdled fewer words in the BSRT after the dday (F[1,29]=13.11, p < 0.001) in the follow-up
examindaion. In the ST, which is sengtive to executive functions, both of the groups performed better at the
follow-up examination than they had at the basdline (Table 30).



Table 30. Memory, visuocondructive and executive functions in the subjects with one or two e4 dlees
(e4+) and those without the e4 dlde (e4-) at the basdline and after the 2.8-year follow-up (Study 2)

ed+ - F / Effect of F/ Effect of
time time and
p group p
Episodic
Memory
VRI, Basdline 115+ 37 120+31 n.s. n.s.
Follow-up 11.7+35 117+ 34
VRD, Basdline 96+48 98+ 36 n.s. n.s.
Follow-up 92+48 100143
BSRT, Basdine 39.0+89 412+47 842 0007 529 0.003
Follow-up 34.1+84 406+ 6.5
Semantic
Memory
VFT-L, Basdline 427+118 419+148 n.s. n.s.
Follow-up 466+ 159 435+ 155
VFT-C, Basdline 208+ 64 211+51 n.s. n.s.
Follow-up 193+51 188+49
Visuoconstructive
Functions
VRC, Basdline 16.1+09 162+13 n.s. n.s.
Follow-up 164+10 154+11
DSy-WAIS, Baseline 316+87 39.7+110 n.s. n.s.
Follow-up 315+115 420+119
Executive
Functions
TMTA, Baseline 522+ 155 423+174 n.s. n.s.
Follow-up 51.8+19.1 446+ 233
WCST
perseverative errors,
Baseline 43165 12+20 n.s. n.s.
Follow-up 21+38 47+110
correct resp., Baseline 279+ 105 35.6+9.7 n.s. n.s.
Follow-up 33.3+ 105 336+ 140
ST
colors, time(s), Baseline | 44.0+ 155 386+ 152 9.64 0.004 n.s.
Follow-up 384+110 323+6.8
text, time (s), Baseline 755+ 26.6 764+ 276 n.s. n.s.
Follow-up 781+ 294 786+ 17.3
DSp-WAIS
forward, Baseline 56107 58+10 n.s. n.s.
Follow-up 56+09 58+10
backward, Baseline 42+12 48+13 n.s. n.s.
Follow-up 42+10 46+09

Results are mean+ SD; MANOVA (df = 1, 29), adjusted for education; n.s., not significant; “Mann-Whitney U-test; VRI,
Visua Reproduction, immediate recall; VRD, Visual Reproduction, delayed recall; BSRT, Buschke Selective Reminding
Test, total recall; VRC, Visual Reproduction, copying the figures, VFT-L, Verba Fluency Test using letters P, A and S;
VFT-C, Verba Fluency Test using animal category; DSy-WAIS, Digit Symbol; TMTA, Trail Making Test A ; TMTB,
Trail Making Test B; WCST, Modified Wisconsin Card Sorting Test; ST, Stroop Test; DSp-WAIS, Digit Span



5.3.3.2. Magnetic resonance imaging

The results showed that the right (F[1,23]=66.7, p= 0.001) and the left hippocampa volume
(F[1.23]=48.9, p= 0.001) sgnificantly decreased in both e4 carriers and noncarriers during the follow-up
period (Figure 3 and Table 31). There was no sgnificant interaction between time and group (e4+ / e4-
). An dmog dgnificant effect of sde and group (p = 0.058) was found for hippocampa volumes. The
annua decline was 4.7% / 4.3% in the right hippocampus and 4.3% / 3.9% in the left hippocampus for the
e4+ [ e4- subjects. It is noteworthy that the right hippocampal volumes were smaller and the left ones were
greater in the e4+ subjects than in the e4- subjects, and the decline in the right hippocampa volume of the
e4 carriers tended to be greater than in the e4- subjects.

Figure 3. The decrease in the right hippocampd (HCg) and the left hippocampd (HC,) volumes in the
e4 carriers (e4+) and the noncarriers (e4-) which had taken place during the 2.8-year period (Study 2)
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Table 31. Normalized volumes of the hippocampus (HC) in the subjects with one or two e4 dldes (e4+)
and those without the e4 dlele (e4-) at the basdine and after the 2.8-year follow-up (Study 2)

F / Effect Effect of
e4+ e4- of time time and
group,
p p
HCr
Basdine 173.3+ 23.7 1785+ 29.1 66.72 0.0001 ns.
Follow-up 145.9 + 27.3 156.1 + 24.9
Decline%/y 47+20 43+19
HC,
Basdine 159.2 + 28.4 155.6 + 22.2 48.85 0.0001 ns.
Follow-up 136.7 £ 19.9 135.5+19.0
Decline%/y 43+26 39+26
HCr.L
Basdine 14.1+14.8 229+ 145 n.s n.s.
Follow-up 9.1+17.6 206+ 115

Vaues expressed as mean = SD, MANOVA df (1,23); n.s,, not sgnificant; HCr = right HC; HC_ = Ieft
HC; HCk. = right-left HC,;



6. DISCUSSION
6.1. Cross-sectional study
6.1.1 Study design

The present study is based on data from a series of 90 subjects who were randomly selected from a
population of 578 individuads who participated in the study of AAMI prevaence in the Kuopio city area.
Out of those 90 subjects, 43 were AAMI subjects and 47 were controls. The distribution of age was equa
in both groups but there were more women in the AAMI group than in the control group. Therefore,
gender was taken in condgderdion in the datigticd andysis. When proposing the criteria for evauating
AAMI, the NIMH work group suggested three tests, Benton Visud Retention Test, Logical Memory
subtest of the WM, and Associated Learning subtes of the WM S, with fixed cutoff points as examples for
tests to be used, but it did not pose restrictions on test selection (Crook et a 1986). Later, the use of
specified tests and score levels for AAMI assessment have been proposed (Smith et d 1991, Lezak
1995). In the present study, we used two of the memory tests (BVRT, PAL) recommended by the NIMH
work group with the suggested cutoff levels.

The Geriatric Depression Rating Scae was used for the assessment of depressive symptomsin this studly.
It was developed to be appropriate especialy for elderly populations (Y esavage et a 1983). The GDS has
been found not only to be a reliable measure of depression but to provide an adequate measure for the high
levels of well-being (Coleman et d 1995). Thus, the difference in GDS scores between the AAMI subjects
and the controls in our study might reflect this because, dthough the AAMI subjects had higher scores,
they were wdl below the levels which have been found in clinically mildly depressed subjects (Y esavage et
a 1983). However, when depression was taken in consderation in the datistical anadyss, it did not
influence the results.

The neuropsychologicd, neuroimaging, and neurophysiologicd methods in our study are widely used and
dandardised. One rater, who was not aware of clinica data, performed volumetric measurements of
basdine and follow-up scans on the same occasion. Furthermore, the determination of Apo E genotypes
using the PRC techniqueis a rdliable and widdy accepted method.

The AAMI concept per se (Bamford and Caine 1988, O’ Brien and Levy 1992, Caine 1993, Koivisto et
a 1995) and dl fundamental components of the proposed criteria (Blackford and LaRue 1989, Deroues
1990) have been criticized. The subjective estimation of memory loss can be affected by other factors in
addition to actud memory deficit, such as the affective state and persondity traits (Zonderman et d 1989,
Derouesné 1990, Hanninen et a 1994). Indeed, relatives’ ratings of subject’s memory have been shown to
correlate better with objective memory scores than the subject’'s own assessment of memory problems
(McGlone et d 1990). Blackford and LaRue (1989) suggested that the proposed V-WAIS cutoff score
provides a potentid skewing of the subject population. Koivisto et a. 1995 agreed with this: in the Finnish
population, usng the same cutoff score, 42.3% had intelectua functions inadequate for assessment for
AAMI. In the present study, the same AAMI criteria were gpplied and so, our AAMI subjects might
represent dightly low-gpirited individuas with high intelectud capacity. Same medicd exclusons were
goplied both in the AAMI subjects and the controls. Therefore, the control group may represent the
successful aging group. The AAMI and the control subjects did not differ in the use of estrogen during the
menopause, or use of anti-inflammatory agents and any other drugs that might have affected cognitive
function.



6.1.2. Cognitive functions

Severd factors may contribute to performance in neuropsychologica tests. Age and occupation, as
indicators of educationd level, are strongly associated with cognitive function (Colsher and Wallace 1991,
Koivisto et a 1992, Launer et d 1993, Wiederholt et d 1993, Portin et d 1995). The AAMI subjects
and the controls did not differ sgnificantly in age, but the controls were better educated than the AAMI
subjects. However, the andys's of variance adjusted for age and education was used to compare the
means of neuropsychologicd data.

In this study, the AAMI subjects had worse performance than controls not only in AAMI- memory tests
but adso in tests of episodic memory: BSRT, VRI, and VRD, and in a test battery designed to assess
executive function: TMT, WCST and ST. These results agree with previous studies suggesting that frontal
dysfunction has an important role in age-related memory loss (Craik et d 1990, Parkin and Walter 1992,
Parkin and Lawrence 1994). The inferior performance of the AAMI subjects as compared with the
controls in episodic memory test is not unexpected because impairment is requirement imposed by the
AAMI criteria

It has been postulated that there is at least two distinct dementia syndromes: the dementias that present
with (Type 1) and without posterior cortica features (Type 2) (Royal and Polk 1998). Both types can
affect memory, language, and or congructiond praxis. However, they differ in how these imparments
become manifested. Both affect the fronta systems that are respongble for the control of complex
behavior. Type 1 dementias dso affect posterior cortica regions and can be discriminated from Type 2
dementias on this basis. AD is by far the most common cause of the Type 1 syndrome, and apathy and
depression are the most common kinds of Type 2 disorders. Many authors have concluded that AAMI
may include a group of paients with early AD. Therefore, we used cluster-andysis based on
neuropsychologicd tests, to observe if there was a subclass with the dysfunction characteristics of posterior
cortica involvement in the AAMI group. However, only fronta dysfunction was found in the AAMI group.
This might reflect age-associated frontd system pathology. Therefore no different subtypes were found in
our AAMI group. On the other hand, we did not use many tests to assess visuospatid abilities which might
have dtered our conclusion.

The greatest loss of neurons and the largest reduction in brain volume during aging is seen in the fronta
lobes (Haugh et a 1983, Coffey et a 1992, Cowell et d 1994). The integration of neuroanatomica and
neuropsychologica evidence suggest that frontd regions are the last to develop during maturation and, in
later life, the firg to undergo involution: the ability to store and to reproduce new information generdly
follows a curvilinear trend with improvements in memory from childhood to early adulthood, and a decline
from the twenties to old age (Dempster 1992). In subjects over 50 or 60 years of age, memory problems
are frequently observed even in the absence of dinicdly sgnificant neurodegenerative changes (Light 1991,
Moscovitch and Winocur 1992, Burke and Mackay 1997). Such age-associated declarative memory
changes have been discussed in relation to reduced attentiona and processing resources in more advanced
age and in relaion to age-related changesin brain areas relevant for memory processing, such asthe medid
temporal and the frontd lobes (Parkin 1991). Close functional associations appear to exist between
working memory, source memory and episodic memory which may explain the more pronounced age-
related declinein dl of these systems in comparison to the semantic memory.

Our results suggest that an impairment in executive function may influence the performance in declaretive
memory tasks in the AAMI subjects, and tha AAMI smply reflects the variability in cognitive



performance of elderly individuas. On the other hand, the control group in our study was more likely to
represent a successsful, rather than a usud aging group.

6.1.3. Magnetic resonence imaging

In this study, there was no hippocampa or amygdaoid damage in the AAMI subjects. In the normd
population, the sSize of certain areas of the brain, such as the hippocampus, may vary considerably between
individuds (Watson et d 1992). It is not known how the norma volumetric variation, or the magnitude of
pathological damage, is reflected on the functioning of that particular structure. In the present study, when
we andyzed the hippocampad and the amygdadoid volumes in the AAMI subjects and the controls, we
found that neither the volumes of the right and the left hippocampus nor the volumes of the right and the left
amygdaa differed between groups. The right hippocampus was larger than the left and the left amygdaa
was larger than the right one in both study groups. These findings differ from those in the study of Parnetti
et d. (1996): they reported that mean volumes of right and left hippocampus were significantly lower in AD
and AAMI compared with controls. However, Parnetti et a. studied only six subjects in each of three
groups and this should be taken into account in the interpretation of their findings.

A vaidion of the volume of the hippocampus and the amygdda in controls is consderable in the
published studies (Watson et a 1992, Jack et a 1989, Cook et d 1992, Cendes et a 1993). The
differences probably are reated to dice thickness, dice orientation, software programs used for volumetric
caculaions, and determination of the boundaries of the structures of interest.

In the present study, the Size of the right hippocampus was larger than that of the left hippocampus, which
agrees with many (Jack et al 1988, 1989, Cascino et d 1991, Watson et d 1992) but not dl earlier
sudies (Lencz et d 1990, Ashtari et d 1991, Cook et a 1992). In this study the left amygdala was larger
than the right, which differs from Watson et a. (1992), who proposed that the right amygddais larger than
the | eft.

It is not known exactly to what extent neurons, glia, and the associated processes need to be destroyed
in a certain gtructure to be detected by MRI. The volumes of tempora lobe corticd aress, such as the
entorhind, perirhind, and parahippocampal cortices, might be even more relevant areas to study in AD,
especidly in the very early phase of the disease (Juottonen et a 1998). In particular, mild dementia and
incipient AD has been shown to be associated with profound neurond loss in the entorhinal cortex
(Gometz-Idaet d 1996).

6.1.4. Single photon emission tomography

There were no differences in perfuson ratios between the AAMI and the control subjects. For studying
patients with dementia, rCBF SPECT is a convenient method in clinical use, the only discomfort being the
I.v. injection of the tracer. The most popular radiopharmaceuticad used for this purpose is HM-PAO.
Although regiond cerebra metabolism and blood flow in AD have been studied extensively with PET and
SPECT, few reports describe regiona cerebral metabolism and blood flow in aging or AAMI. Holman et
a. (1992) determined the predictive vaue of 9mTc-HM-PAO SPECT for presence of AD based on a
progpective sudy of 132 consecutive patients coming to the nuclear medicine clinicd unit for evauation of
their memory loss or cognitive anormdities. During clinica follow-up averaging 10.1 months, a find
diagnosis was established in 113 patients, 52 of whom would suffer AD. The probability was only 19 %
that a patient with memory loss and norma perfuson had AD. For abnorma perfusion patterns, the
probability of AD was 82% with bilaterd temporoparietal defects, 77% with bilaterd temporoparieta



defects with additiond defects, 57% with unilaterad temporoparietal defects, 43% with frontal defects
only, 18% with other larger defects and 0% with multiple smdl cortical defects. They concluded that for
SPECT the predictive vaue of bilatera temporoparietd defects for AD is high, while the perfusion
petterns of unilateral temporoparietd perfuson defects or frontal defects done, which occur in 20% of
patients with AD, are not predictive of that disease. They aso suggested that SPECT is useful in the
diagnogtic evaduation of patients with memory and cognitive abnormalities.

In the study of Parnetti and her co-workers (1996), 99m Tc HM-PAO SPECT was performed in
hedthy older subjects as well as subjects suffering from AAMI and AD. They did not observe any
difference between the AAMI and the contral group. In the AD group, a statisticaly significant association
between hypoperfusion and degree of cognitive impairment was documented in the temporo-occipita
regions. We found no differences in perfusion ratios between the AAMI and the control subjects which is
in line with Parnetti’s study. Normadization of regiond metabolic data to cerebelar vaues has been
consdered as being reliable, because cerebdlar glucose metabolism is not significantly reduced until AD is
severe (Ishii et d 1997). However, it is possible that cerebra blood flow is decreased in dl brain areas
but regiond cerebrd metabolism does not change a dl.

However, one limitation of PET and SPECT dudies in hedthy individuds could be intersubject
vaiability on regiond glucose metabolic vaues. A PET sudy of Wang et d. (1994) showed sgnificant
intersubject variability for regiond brain metabolic vaues in normd controls and documented age-related
decreases in frontal metabolism that occur even in relatively young adults (40 years of age).

6.1.5. Electroencephalography

In the present sudy, in the AAMI subjects, fast amplitudes (fast beta and beta) were sgnificantly
enhanced in dl areas with eyes closed. Sow activity amplitudes (ddta and theta) were sgnificantly
enhanced in the right frontal area (F4-C4) with eyes closed but the relaive amplitudes of delta and theta
band were not enhanced. Thus, the overal EEG amplitude in the AAMI subjects was dso enhanced
which is in line with some earlier sudies of normd aging (Bredau et d 1989, Williamson et d 1990,
Hartikainen et d 1992, Koyamaet d 1997). Severd previous studies have reported dight EEG dterations
in normal aged individuds. The main changes that have been described are: dowing of the apha rhythm,
gppearance of dow-wave activity, and focd theta activity in the left tempord region (Hartikainen et d
1992, Polich 1997). On the other hand, Koyama et a. (1997) found significantly higher relative beta
power in ederly subjects compared with younger individuas.

The EEG findings are in agreement with our neuropsychologicd results suggesting a dysfunction of the
fronta, anterior atention sysem in AAMI. Thismay reflect only the presence of norma changes of age,
which may be more pronouceed in some individuals than others, because the anterior, executive attention
system is more sengdtive to the effects of increasing age than the pogterior, visuospatid atention system
(West and Bell 1997).

6.1.6. Event- related potentials

In the AAMI group we observed increased amplitudes and shortened latencies in the auditory ERP
components which reflected a detection of a nove simulus and Smultaneous nonspecific, autometic
arousa (Vaughan and Ritter 1969). Also, in AAMI the amplitudes of visud P1-N1 following attended
visud simuli were increased whether or not the diciting simuli were assgned asrelevant.



Latency decreases of auditory N100 have not been previoudy reported in the ederly. In contrast,
latency increases of ERPs have generdly been described in conjunction with aging and degenerative
disorders (Goodin et a 1978b). The observed latency changes in AAMI may be due to loss or
diminishing of a nongpecific arousd component, which emerges dightly later than the modality-specific
contribution from auditory cortices (Vaughan and Ritter 1969). On the other hand, attentiona
enhancement and latency changes of auditory N100 are well documented for tasks involving a conscious
attentive effort during dichotic listening (processing negativity at 60—150 ms)(Hillyard et d 1973). In this
case, the observed N100 enhancement and latency decrease would thus suggest tonically maintained
attention to auditory simuli and an inability to release underlying attentiona processes. Both possible
explanations would point to an impairment in the automatic ability to alocate attentiona resources.

The behavior of auditory N100 response to novel auditory input reveds properties common to the
orienting response (Hillyard et d 1973). The orienting response reflects generd arousd, but it is dso
associated with lowering of the sensory thresholds, and thus it is linked specificdly to an attention switch
to anew simulus. In a non-atentive Stuation, the “habituation” of N100 may thusreflect an arousd to the
abrupt onset of atone after along silence, a subsequent redirection of atention, and learning (or recalling)
of important simulus features. Thus, the degree of habituation in an experimental set-up such as the
present one may reflect a subject’s overdl date of arousd and the automatic function of distributed
attentiona networks (Mesulam 1990).

The enhancement of visud P1-N1 amplitude has typicaly been observed following attended stimuli in
sudies in which unilatera stimuli have been presented to attentive and unattentive locations in a random
order (Eason et a 1969, Harter et d 1982, Mangun and Hillyard 1987, Rugg et d 1987, Luck et a
1990). There seems to be an intense attentiond modulation of the visud P1-N1 amplitude with spatia
attention enhancing the amplitude. Similar enhancement has been found for vaidly cued targets in an
experiment in which the targets were preceded by a predictive or a non-predictive cue (Anllo-Vento
1995).

In this study, a visuad P1-N1 amplitude was much larger anong the AAMI subjects compared with the
controls. This suggedts that the AAMI subjects direct their spatia atention more intensdy to the simuli
than the controls. One reason for this may be that they cannot control the sharing of attention resources
gopropriately, i.e, they dlocate more spatid attention for the task than would be actudly needed. This
explandtion is very tempting because it fits with the changes in auditory ERPs and suggedts that symptoms
in AAMI may reflect problems in the ability to divide attention between severd smultaneous simuli. The
observed dterations in ERPs suggest a widespread inability to alocate attention resources effectively.
Impairment of these attention mechanisms and the subsequent defective memory trace formation may
contribute significantly to those deficits in memory tests which are characteristic to AAMI. On the other
hand, there are severd brain regions contributing to the generation of ERPs and further research of the
basic mechanisms underlying ERP components will be needed.

6.1.7. Apolipoprotein E polymorphism

The ApoE e4 dlde represents amgjor risk factor for AD in dl ethnic groups, across al ages between 40
and 90 years, and in both men and women (Farrer et d 1997), dthough little data is available on the ApoE
e4 frequencies of subjects with memory complaints. Blesa et a. (1996) determined the ApoE dlee
frequencies in patients with AD, subjects with memory complaints without dementia (age-related memory
decline, ARMD) and controls. Self-gppreciation of memory loss was consdered as the main characteristic
of the ARMD group. Thus, no cutoff of scores in neuropsychologicd testing was used but they used the



same medica exclusion criteria for ARMD as we did for AAMI. The average age and education was
comparablein dl their groups. The age was 70.1 years and a schooling of 7.6 yearsin their ARMD group,
which is comparable in our AAMI group. They found an ApoE e4 dlee frequency of 0.315 in the ARMD
group, Smilar to 0.293 in the AD group and in contrast to 0.057 in the control group. In our study the e4
frequency for the AAMI subjects was 0.24, and 0.15 for controls. The frequency of the e4 dlde in
previous studies from the same area as our study, was 0.36 and 0.43 for AD patients and 0.17 and 0.11
for controls (Kuusisto et d 1994, Lehtovirtaet d 1995). Thus, the e4 alele frequency for AAMI subjects
was intermediate between those of AD and control subjects.

Petersen et a. (1995) demondgtrated that many of the e4 subjects who were in a memory impaired group
of individuas went on to develop AD over a 54-month period. They concluded, that the detected e4 high
frequency in subjects with ARMD, together with the known strong correlation between the presence of e4
dldein AD, suggest that ApoE could be a marker for the prediction of AD in subjects showing memory
impairment but without dementia.

6.2. Theinfluence of Apolipoprotein E genotype in Age-associated memory impair ment subjects
and control subjectsin the cross-sectional study

In the present cross-sectiona study, the e4 carriers did not have imparments in neuropsychologica
testing or on the measurements of the MRI volumetry. These neuropsychologicd findings are in line with the
sudy of Helkala and her co-workers (1996). She did not find any significant differences between e4
carriers and non-carriers at a basdline examination when the mean age (72 years) and education of subjects
were about the same as in our study. However, e4 carriers deteriorated more rapidly compared with non-
carriers during the 3-year follow-up.

In the present study, in the 99MTc-HM-PAO SPECT mean activity of the right and left prefrontal ROIs
were sgnificantly lower anong e4 carriers compared with non-carriers in the control group. So, the minor,
perhaps not biologicaly sgnificant, changes were seen in additiond prefronta regions, which may be
preferentidly affected during norma aging. Reiman e d. (1996) peformed PET in 11 subjects
homozygous for the e4 and 22 controls without the e4 dlde. They dl were cognitively normd for the 50-
65 years of their age, aso their level of education was the same and they reported a family history of AD.
The e4 homozygotes had sgnificantly reduced rates of glucose metabolism in the pogterior cingulate,
parietd, tempord, and prefronta regions as did their previoudy studied patients with probable AD. Thisis
different from Higuchi et d. (1997), who demonstrated that the fronta glucose metabolism was significantly
increased in patients with AD carrying the ApoE e4 alée in a dose-dependent fashion. However, in the
temporo-parieta regions, reduced rates of glucose metabolism were obtained asin Reiman’s study.

In this study only minor eectrophysiologica changes were observed. The influence of the ApoE e4 dlde
on neurophysiological parameters were smilar as the influence of aging in some previous studies (Katiz and
Horowitz 1982, Duffy et a 1984, Bredau 1989, Hartikainen et a 1992). The relative delta amplitude was
diminished in the e4 carriers compared with non-carriers. This might be due to the fact that the mean
frequency was higher in the same areas as well as the rdative beta anplitude. Therefore, the overdl EEG
amplitude in the e4 carriers with their eyes closed was enhanced. In ERP parameters, auditory N 100
habituation was impaired in the e4 cariers in a Smilar way as in the whole AAMI group.It is ill not
known whether or not genetic heterogeneity of ApoE can influence the findings of some functiona
laboratory tests, such as QEEG or ERPs in patients with AD or normd ederly individuds. It has been
reported that there was a tendency to more pronounced EEG dowing in AD patients carrying the e4 dlde



(Lehtovirta et a 1995). On the other hand, Jdlic et d. (1997) concluded that the ApoE e4 alele does not
influence EEG dowing & dl.

A role for gendtic factors as modificators of cognition in aging has been suggested (Finkel and McGue
1993, Helkaa et a 1996). AD patients carrying the e4 dlele differ from those AD patients without the
dldein tha, e4 cariers have an earlier age of onset, a more pronounced cholinergic deficit, a more
extensive hippocampad arophy and a more severe imparment in tests assessing delayed recdl (Soininen
and Riekkinen 1996). Some of the changes may readily be encountered in elderly subjects carrying the e4
dlele. These include a least lower performance in some cognitive domains (Reed et d 1994, Helkalaet d
1995, Soininen and Riekkinen 1996), abnormdities in glucose metabolism as seen by PET (Smdl et d
1995, Reiman et d 1996) and minor changes in the volumes of the hippocampus (Soininen et d 1995b,
Plassman et d 1997).

A Dutch study showed that the ApoE e4 dlde is associated with cognitive declinein a genera population
(Feskens et d 1994). The report of Blesa et d. (1996) described an increased e4 frequency in age-related
memory decline (ARMD) subjects and they suggested that ApoE could be a marker for the prediction of
AD in subjects with memory impairment but without dementia ARMD share some of the AAMI criteria
but there is no age redriction nor is there any cutoff score for neuropsychologica testing used to exclude
subjects from this group.

6.3. A Follow-up study

Sudy 1. In our follow-up study, none of the AAMI subjects showed signs of dementia at the follow-up
examination. However, the AAMI subjects did show a decline of scoresin the BSRT which is sendtive to
episodic memory whereas the control subjects did not show any such deterioration, athough hippocampa
atrophy occurred in asimilar rate.

Earlier sudies have evduated the clinica course of AAMI or other closdly related conditions. Most of
them have found no evidence of accelerated cognitive deterioration associated with these conditions (Kra
1962, Reisberg et a 1988, Flicker et d 1993, Y oungjohn and Crook 1993). For example, Reisberg et dl.
(1986) found that 95 % of the elderly community resdents who were in the forgetfulness phase according
to the Globa Deterioration Scde remained dinicaly unchanged during the follow-up period of 3.6 years.
In some studies the mild cognitive imparment determined by the dinical evauation and neuropsychologica
tests seem to be useful in predicting dementia from two to three years before the condition became
clinically manifest (Flicker et d 1991, Bickel and Cooper 1994).

In the follow-up study, the AAMI subjects had a sgnificantly higher frequency of the ApoE e4 dlde than
the AAMI subjects in the cross-sectional study. However, that was not the case in the control subjects.
Therefore, thishigh e4 dlde frequency may contribute to the decline of scores in the test that is sendtive to
episodic memory among the AAMI subjects.

Sudy 2. Due to asmal number of the study subjectsin the follow-up, the AAMI and the control subjects
could not be divided into two groups according their ApoE genotype. For this reason, the whole study
population was then divided into two groups according to the subjects ApoE e4 satus. In the e4 carriers
the rate of memory decline was greater than in the non-carriers. In agreement with this data, Bondi and
coworkers (1995) also showed that episodic memory changes were associated with the ApoE e4 dldein
older adults without dementia. In a population based study of ederly individuas without dementia, the only
difference in cognitive functions was seen in those tests which assessed delayed recdl; the e4 dlde had an



adverse effect on memory scores whereas e2 carriers maintained their memory functions in a 3-year
follow-up (Helkala et a 1996).

The hippocampd volumes sgnificantly decreased in both groups. It is noteworthy that the right
hippocampa volumes were smaller and the left hippocampi were gregter in the e4+ subjects than in the e4-
subjects. Accordingly, another study showed that in AD patients, the effect of the ApoE e4 dlde is
stronger in the volume decline of the right hippocampus (Lehtovirta et d 1995). Interestingly, a 42-month
study with annua MRI volumetry in 30 elderly subjects without dementia by Kaye and coworkers (1997)
suggested that the hippocampa volumes declined both in those who remained nondemented and those who
were in the preclinicad stage of AD. On the other hand, there are severa previous volumetric MRI studies
that have reported that the size of the hippocampus may remain unaffected by norma aging (Bhatia et a
1993, DeCarli et a 1994, Sullivan et a 1995, Jack et d 1997)

The ApoE e4 dldeisadefinite risk factor of AD, but its exact role in the development of AD remainsto
be resolved. With respect to memory functions, the associations between ApoE e4 and impaired plastic
response (Arend et d 1997) and severe cholinergic depletion (Kay 1991) are of mgor interest. So far,
none of the subjects in our series have progressed to fulfill the criteria of dementia Previous studies
(Feskens et d 1994, Petersen et d 1995) have shown that the presence of the e4 dlde is a strong
predictor of AD in subjects suffering from memory impairment. We found the rate of memory decline to be
greater in the e4 group when this was measured with a verbad memory test, BSRT, but not with a visud
memory test, VRT. The sdective reminding method used in the BSRT requires more eaborate processing
of information than the more smple procedure used in the VRT. Therefore, the BSRT focusses more on
the executive functions, which aso have been shown to deteriorate early in the development of AD (Albert
1996, Patterson et d 1996). Accordingly, an inferior performance in the verbd ligt learning task has aso
been found to be one of the most sengitive predictors of dementia (Flicker et a 1991, 1993, Masur et a
1994, Jacobs et a 1995, Hanninen et d 1995). Therefore, the declinein the BSRT may precede the more
profound cognitive decline in the subjects of e4 group athough they have not yetprogressed to dementia. In
conclusion, in ApoE e4 carriers episodic memory decline was greater than in non-carriers but hippocampa
atrophy occurred in asimilar rate.

6.4. AAMI in the continuum from normal aging to dementia

Our results suggest that AAMI subjects are for the most part reflecting the aging effects, whereas
subjects with cognitive performance superior to AAMI might reflect “successful” aging. AAMI is a
heterogeneous category that includes some subjects who indeed are at risk of developing dementia. To be
more precise, it seems that the presence of the ApoE e4 dlde is more common in AAMI subjects in
comparison with control subjects. Therefore, the criteriafor AAMI might select more e4 carriers than non-
cariers among ederly individuds, which means that actudly the presence of the e4 dldeis arisk factor for
AD not AAMI itsdf. Furthermore, the use of a longer follow-up time than possible in the present study,
especidly for AAMI e4 carriers, might cast further light on the matter. Consequently, the usefulness of the
entire congruct of AAMI remains more or less ambiguous, perhgos AAMI might not have any red vaue
for detecting early preclinica dementia



7. CONCLUSIONS

1. The AAMI neuropsychological and neurophysiologica findings pointed to imparments in atentiona
processes, dysfunction of the fronta, executive attention system, and the subsequent effect of this on the
memory function may have contributed significantly to the memory deficits which are characteridic to
AAMI.

2. There were no ggnificant differences between the AAMI and control groups in the volumes of
hippocampus and amygdaa, or regiond cerebra metabolism as measured by SPECT.

3. The follow-up of the AAMI subjects suggested that AAMI, in generd, is nonprogressive but the criteria
for AAMI might select more e4 carriers than non-carriers among ederly individuds.

4. Inthe e4 carriers, the rate of memory decline was greater than in the non-carriers dthough hippocampa
atrophy occurred at asimilar rate.

In this sudy, the AAMI diagnosis appears to identify a very heterogeneous group of subjects and does
not, by itsdf, predict the presence of incipient dementia. The e4 cariers form one risk group for
progressve memory decline among the ederly. In addition to the genetic (ApoE) testing, the results
underscore the urgent need to develop new sendtive diagnostic tests which would be postive during the
presymptomatic and very mild stages of AD.
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