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Abstract of the Dissertation

Qualitative Memory Changes in Alzheimer’s Disease

by

Theresa Demadura
Doctor of Philosophy in Clinical Psychology

University of California, San Diego, 2014
San Diego State University, 2014

Professor Dean C. Delis, Chair

Alzheimer’s Disease (AD) is a devastating disottiat affects thousands of
elderly adults each year. Impairments in memoeyaanong the earliest and most
profound symptoms of this disorder. At the timal@gnosis, most AD patients have
already advanced into moderate to severe levetseofory impairment. In addition,
the nature of the memory profile after conversmAD has been studied extensively
and has been well characterized as reflecting eodémg/storage impairment that
affects both recall and recognition measures. Heweavhat is not well known is the
nature of the memory profile in individuals who @rea preclinical stage of AD
(preAD). Do preAD individuals also display an edtw/storage memory profile,
albeit to a mild degree? Or do they first passugh a stage of exhibiting a retrieval
memory profile (similar to patients with subcortidésorders) before developing their
hallmark encoding/storage profile? This knowledgenportant for both improving
early diagnosis of this disorder and for not migdiasing these individuals as having a

primarily subcortical process prior to their corsien to AD. To address this
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guestion, the present study examined qualitatiemehts of episodic memory in three
subject groups: (1) patients with AD; (2) formermal control subjects who
converted to preAD and then were given AD diagn@seswere tested during their
preAD stage; and (3) normal controls (NC) who dud display evidence of cognitive
decline over time. The current research designesmgsloyed in a sample of 100
individuals diagnosed with probable Alzheimer’sadise (mean age = 73.60; mean
education = 14.71), 19 preAD patients (mean ag8.60f mean education = 15.00)
and 50 demographically-matched healthy older adoitsan age = 73.38; mean
education = 15.16). The groups were not signitigedifferent on agef = .98),
educationf = .34) or gendeng (2) = 2.16p = .34). Episodic memory changes were
studied using qualitative variables from the Caiifa Verbal Learning Test (CVLT)

in the three subject groups over three serial ass&sts. The first CVLT administered
at the ADRC was used as the subject’s baseline Tést CVLT variables examined
included Total Immediate Recall (Totimm), Long Dekree Recall (LDFR), Delayed
Retention Rate (RetRate), serial position effqutsactive interference, semantic
clustering, intrusion errors, and Recognition Disenability (RecogDis). Both a
simple ANOVA at Time 1 and a repeated measuresdmxedel ANOVA were
employed, with group as the between subject faartdrtime as the within subject
factor. At Time 1, as expected, the AD group wgaiBcantly impaired relative to

the NC group on the Totimnp & .0005,d = 2.57), LDFR [ <.0005,d = 2.94,
RetRate § < .0005,d = 2.20), Total Intrusiong(< .0005,d = .96), and RecogDip (<
.0005,d = 2.85) measures. Importantly, on all five measuthe PreAD group

performed significantly worse than the NC Grouptlifon (p < .0005,d = 1.56),
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LDFR (p <.0005d = 1.57), RetRatep(< .0005,d = 1.20), Total Intrusiong(<

.0005,d = .87) and RecogDip(< .0005d = 1.37) and significantly better than the
AD group on the Totimmp(< .0005,d= 1.06), LDFR p < .0005d = 1.08), RetRate
(p=.001,d =.90), and RecogDip(< .0005d = 1.17) measures. The one exception
was that the PreAD group did not differ signifidgritom the AD groupf = .45d =
42) in Total Intrusions; however, a small to medlieffect size in the same direction
suggests that the small preAD group size and asgallimited power played a role in
this analysis. In the repeated measures ANOVAgthere no significant interactions
of time by group for any of the CVLT qualitativenables. There were significant
main effects of time for both recengy# .005 partial #° = .05) and RecogDip(E
.009,partial 72 =.03). As expected, the AD group was impaire@ibqualitative
variables as compared to the NC gropg: (0005) while the preAD group was
impaired on proactive interferenge< .0005), semantic clustering € .0005) and
RecogDis pp < .0005) compared to the NC group over time. hakgether, the
findings from the study suggest that PreAD indialdudo not first pass through a
retrieval memory profile before converting to Alutlvather they generally display the

classic encoding/storage profile, albeit to a rdigdjree, early in the disease course.
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| Introduction

Alzheimer’s Disease (AD) is a devastating disottiat affects thousands of
elderly adults each year. Impairments in memoeytlae most profound and
deleterious symptoms of this disorder followed impairments in visuospatial
functioning, executive skills, attention, and laaga. There is considerable evidence
that episodic memory is impaired early on in Alzher's Disease (Bondi et al., 1994;
Fuld et al., 1990; Albert et al., 2001). In fday,the time of diagnosis, most AD
patients are well into the moderate to severe stagmemory impairment. Although
episodic recall has been well examined, little wioals been done to examine how

impairments in component functions of verbal leagnin AD are affected over time.

The present study proposes to examine qualitaleraents of episodic
memory in three groups of people: (1) normal cdst(®) AD patients who are pre-

symptomatic (preAD) at the time of testing and@&dients with AD.

BACKGROUND
Alzheimer’s Disease
Pathology
Alzheimer’s Disease is a degenerative neurologieale that is characterized
by neuronal atrophy, synapse loss, and abnormahadation of neuritic plaques and
neurofibrillary tangles within widespread regiorighe cortex (Terry et al, 1999).
The global neuroanatomical changes observed ineizéxr’s Disease result in a

progressive dementing condition for most patiefpisodic memory impairments



appear relatively early on in the disease proddsst{n, 1986). Later, other cognitive
deficits in AD occur, including deficits in languag@nd semantic knowledge (i.e.,
aphasia), abstract reasoning and other executhatifuns, attention, and

constructional and visuospatial abilities (Adan®97; Moss and Albert, 1988).

The cognitive and behavioral changes seen in Alasseciated with specific
neurologic changes. Initially, the hippocampus antbrhinal cortices are typically
affected, followed by association cortices as tiseake progresses (Fox et al., 1996,
Hyman et al., 1984). Degeneration of the neocaatekhippocampus, leading to
deeper and wider sulci in the temporal and parletas, has been documented on
autopsy in AD patients (Serrano-Pozo, 2011). Neattogogical findings include a
widespread loss of nerve cells mostly involving tleesbral cortex, perivascular
amyloidosis, neuritic plaques, neurofibrillary téesy and granuolovascular
degeneration of neurons especially in the pyranudbs of the hippocampus (Adams

et al, 1997, Glenner, 1980, Corsellis, 1984).

Neurochemical changes have also been found in bsaime from AD patients.
Biopsies reveal lower levels of acetlycholine (Fian1999), which is considered to
be secondary to a significant decrease in cholioergurons in the nucleus basalis of
Meynert in the basal forebrain (Whitehouse etl®81). Degeneration of cholinergic
neurons in the medial septum, which projects tchippocampus, has also been found
(Nakano and Hirano, 1984). Itis believed thatcdpeloss of neurons containing

choline acetyl-transference (ChAT) (Wolozin & Desj 1987) contributes to the



lowered acetylcholine levels in the brain becads#eoreased availability of that
precursor enzyme. Neurons from the monoaminengi@drenergic, GABAnergic,
and serotonergic systems are also depleted. M@ddylutamate and neuropeptides
such as substance P, somatostatin, and choleaystdidve been found to be reduced

in both cortical and subcortical areas (Sasaki.e1886).

Longitudinal Cognitive Changes in AD

Patients with AD experience a wide variety of coigeiimpairments. The
Diagnostic and Statistical Manual of Mental Disas¢s" ed.; DSM-5; American
Psychiatric Association, 2013) diagnosis requines patients with AD meet criteria
for major neurocognitive disorder, have an insidionset and gradual progression of
impairment in one or more cognitive domain. HR#sanust show clear evidence of
decline in memory and learning and at least inaher cognitive domain (based on
detail history or serial neuropsychological testin§teady progressive, gradual
decline in cognition, without extended plateaususthtve demonstrated. There should
be no evidence of mixed etiology (i.e. absencetloéioneurodegenerative or
cerebrovascular disease or other neurological, ahensystemic disease likely
contributing to cognitive decline). A defining chateristic in the updated DSM-5
diagnostic criteria for AD is the progressive nataf the disease process. An
understanding of the progression of AD is vitattadies of the relationship between

clinicopathological changes and therapeutic intetioas.

Past longitudinal studies of AD have attempteddfn@ stages of the disease



process, predict rates of decline, and descrildenpatof cognitive deficits.
Longitudinal cognitive studies of AD have typicatilied on retrospective analyses of
neuropsychological databases of elderly subjectsware followed for several years.
Methodological differences across studies, inclgdiize and composition of the study
population, degree of patient attrition, heterogggnaf baseline scores, length of
follow-up and differing cognitive instruments, hgw®duced varied results. In
preparation for this study, studies that have igated stages and patterns of

cognitive decline in AD will be reviewed.

Stages of Alzheimer’s Disease

From the time of diagnosis, on average, the AD @gecontinues for 10 or
more years until death; however, there is substivairiability around this average
(Heyman A, Peterson B, Fillenbaum G, Pieper C, 199®is variability in estimates
may have occurred in part because longitudinalistuaf AD patients (a) rarely
follow patients for more than two to three yeaby;dxperience significant patient
attrition; and (c) are limited by problems in usihg@ same neuropsychological tests to
measure cognitive abilities over the span of tiserier. Moreover, the insidious
onset of AD has made it difficult to measure ratedecline because the onset of the

disease can only be estimated.

Within this time frame, researchers have concejzelicognitive deficits in
AD as occurring in different severity stages, ulualild, moderate, and severe. For

example, Lezak, Howieson, & Loring (2004) have désd a sequence of cognitive



deficits that commonly occur during the coursehaf disease process.

Table 1. Stages of Alzheimer’s Disease from Leztadd., 2004

Early Patients exhibit problems in memory (delayed reafllerbal and visual information),
complex mental tracking (e.g., trail making tesgnfrontation naming and verbal
fluency. Also symbol substitution and constructiests

Moderate  Cognitive deficits become more broad and sevenghasia and apraxia become morg
prominent along with various agnosias. Dysfluemaraphasias, bizarre word
combinations, and intrusions are common mid-stpgech defects.

Severe: Patient becomes nonfluent, repetitive and largelycommunicative. Auditory
comprehension is limited often accompanied by tgifi forms of mutism.

Stages of AD often have been defined using globghitive tasks that tap into
multiple cognitive domains, such as the Mini Mer8&tus Examination (MMSE)
(Folstein et al., 1975) and the Dementia RatingeS@RS) (Mattis, 1988). These
tasks are frequently used to classify AD patients different severity groups;
however, cutoff scores for severity levels varyoasrstudies. Most longitudinal
neuropsychological studies of AD have investigatatients in the mild to moderate
stages, because, at severe levels of AD, flooceff@re common across multiple
neuropsychological tests (Nyenhuis & Garron, 19%avy et al., 1996; Morris,
1997). Recently, researchers have focused on @blghitive Impairment (MCI),
which is often the pre-clinical phase of AD. MGshsometimes been conceptualized
as the stage which refers to the span of time latwige earliest detection of deficits

and until a patient meets criteria for a clinicelghosis of AD.

Pre-clinical Phase of Alzheimer’ Disease

As potential therapeutic interventions become ntigedy, it has become



increasingly important to develop methods thaaf®i identify patients who may be
in an early pre-clinical stage of AD. Several s#gctave retrospectively examined
neuropsychological data of AD patients obtained yngears prior to their diagnosis
(Masur et al., 1994; Jacobs et al., 1995; Fox.efl@B8). Many of these studies have
found that those patients who are in the preclirppbase of AD showed deficits in
episodic memory while other cognitive abilitiesden remain relatively stable.

Deficits in episodic memory can appear from 6 tee8rs before the diagnosis
of AD (Jost & Grossberg, 1995; Backman et al., 2008lthough most studies are
retrospective, a few prospective studies have pebtished, for instance, a study by
Chen et al. (2001) prospectively investigated cleang cognitive performance of
patients during the preclinical phase of AD. (df timited number of studies that
have examined patients in the preclinical phas&@fmost have been able to look at
only these patients just before diagnosis. Chelncalleagues were able to follow
patients over multiple time points before diagnodite results of their study
indicated that patients in the preclinical phas@bDfexperienced accelerated declines
in both episodic memory and in executive functiboosn 1.5 to 3.5 years before

diagnosis.

Patterns of Cognitive Deficits in AD

Multiple studies have examined patterns of cogaitiecline associated with
AD over time. Most have found that AD patientsd@a show initial impairments in
memory. As pathology spreads from medial templots to other cortical areas,

multiple cognitive skills are affected. In a longlinal study of 12 subjects with AD,



Perry and Hodges (2000) found that impairmentstanéion and semantic memory
developed after episodic memory deficits and beffopirments in visuospatial
function and auditory verbal short-term memoryhétstudies have indicated that
executive functions are affected early in AD, falkd by deficits in visuospatial

skills, attention and short-term memory span. (P&rHodges, 1999; Backman et al.,
2005; Storandt et al., 2006; Twamley et al., 2006se patterns of cognitive changes

are consistent with the spreading of the neuropadfieal process in AD.

Changes in executive skills are thought to be edl@rimarily to neocortical
degeneration of the frontal lobes (Morris, 199Bkficits in semantic memory for
concepts, the meaning of words, and factual knogddthve been linked to
neuropathological changes in infolateral tempoesiaortex. Semantic memory is
thought to deteriorate at a slower rate than epsoeémory. It is believed that those
neuroanatomical areas such as the infolateral teahpeocortex that support semantic
memory are affected later in the disease procAtention is considered one of the
last cognitive abilities to decline in AD. Impadrattentional abilities in AD are

thought to be associated with deterioration in pritg subcortical-frontal systems.

Declarative Memory in AD

Disorders of memory are an early and prominent itivgndeficit associated
with AD. (Butters et al., 1987; Petersen et al., 1994; Welsh., 1991; Fox et al.,
1998) Patients with AD exhibit severe decrememtbeir ability to learn and retain

new information (anterograde memory). In addititrey often are impaired in their



recall of “over-learned” past information (retrodeamemory).

Research has demonstrated that memory is notayeibnstruct (Cohen &
Squire, 1980; Tulving, Schacter, & Stark, 1982;n&dninura & Squire, 1987).
Memory often is conceptualized as having multiplesystems. These subsystems are
thought to differ from one another in “their rulgsoperation, in the types of
information they process, and in their neuroanatahsubstrates.” (Salmon, 2000).
Although these memory systems are considered imdigpe, they also are interactive.
A common distinction between memory subsystemisastietween the declarative
(explicit) and nondeclarative (implicit or proced)rforms of memory. Declarative
memory refers to those memories that can be conuated (or declared) such as
facts and past events. In contrast, non-declaativmplicit memory refers to recall
of information that is considered unconscious.héiltgh one cannot recall specific
information they were exposed to previously, theamscious knowledge serves to
improve performance on related tasks (called pro@@avents). Declarative memory
can be furthered divided into episodic and semanamory. Episodic memory
pertains to recall of contextually based informatiahich relies on temporal and/or
spatially referenced information. In contrast, aatic memory refers to our general
fund of knowledge that does not depend on contéxtues for its retrieval. Because
episodic memory is characterized by the abilitgdasciously recall past events or to
actively recall something to mind (Squire, 198%)s ioften tested in a recall and/or

recognition memory paradigm.



The most common presenting complaint of people Withis increasing
forgetfulness and memory loss. Several studies lmalicated that memory
impairment occurs very early in the disease proc8gsthe time a diagnosis of AD
has been made, most patients are experiencing atedersevere impairments in
recall abilities (Reid et al., 1996; Locascio etl&95). Deficits in episodic memory
have been attributed to damage in hippocampal élated structures such as the
dentate gyrus, subicular complex, entorhinal coréexi the diencephalic regions
(Zola-Morgan & Squire, 1993). Both CT and MRI inragystudies have identified
medial temporal atrophy in early AD (Burton et 2009; Jobst et al., 1994; Deweer et
al., 1995; Fox, et al., 1996). However, learning amemory are also found to be
dependent on the integrity of other supporting aanatomical structures. Positron
emission tomography (PET) has shown that righttedoregion, anterior cingulate,
parietal lobes, cerebellum, bilateral medial teraptwbes, and prefrontal regions
(including orbitofrontal cortex) are activated adwgiencoding and retrieval of verbal
information (Nyberg, Mcintosh, Houle, Nilsson & Tarlg, 1996). Thus, episodic
memory is a multi-faceted cognitive ability and seguent global cognitive
impairments seen in the moderate stages of AD tatiecdepth of the memory

impairments in AD.

Executive Functions in AD
Many “higher order” cognitive abilities fall und#re rubric of executive
functions. Most studies of executive skills in ABve assessed cognitive flexibility

(e.g. set shifting such as Halstead—Reitan TrakiMaTest - Form B; Reitan, 1958;
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The Stroop Neuropsychological Screening Test; Tegnet al, 1989, abstract
reasoning (e.g. Similarities subtest from the Whkh&dult Intelligence Scale
(WAIS);Wechsler, 1955), and planning and organi{m,g., Tower of London;
Shallice, 1982). In a study investigating earlyegéon of AD, Larumbe (1997)
examined 14 normal controls, 12 patients with gdesiementia, and 24 AD patients.
The results indicated that delayed recall and eezfunction measures best
predicted AD. Studies that have examined theohtkecline in cognitive abilities
have demonstrated that those abilities that shaledreatest deterioration over time
in AD were affected early in the course of the dgge(Chen et al., 2000, 2001). Chen
and colleagues (2000) found that executive funstemd memory were deficient early
in the disease process and discriminated betwese ihdividuals who eventually
converted to AD and those who remained undementekry & Hodges (1999) found
that after initial deficits in memory, tasks of ied attention and selective attention

were found to be “particularly vulnerable” in eaAD.

It has been shown that memory abilities are sonestidependent on intact
executive functions. For example, while item meyris dependent primarily on the
medial temporal lobe system, source memory (merworgontext) has been found to
rely primarily on frontally-based systems (Janows&gimamura, & Squire, 1989;
Spencer & Raz, 1995). In addition, elderly noreitrols have been found to show
disproportionate difficulty with source memory coangd to item memory. This may
be due in part to age-related memory decline agtatwith frontal-lobe dysfunction.

Studies on working memory have also implicated t@malpand frontal-lobe systems
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for successful execution of this ability (Goldmaakit, 1992; Moscovitch, 1994).

Impairments in executive functions affect one’digbio hold information in
conscious memory while performing other cognitipei@tions. Learning strategies
are thought to be executive abilities that contelto better memory performance. A
number of imaging studies have indicated that teérgntal cortex is associated with
organizational strategies that support and enhaepisadic memory (Blumenfeld &
Ranganath, 2006; Demb et al, 1995; Fletcher e1988a,1998b; Buckner et al., 1999;
Savage et al., 2001). Executive functions, suate@asganization of items in working
memory (Fletcher et al., 1998a) and semantic peaerg¢Demb et al, 1995), have
been investigated. Reorganization of items in wayknemory is described as
semantic clustering on such tasks as the Califorerdal Learning Test (CVLT)
(Delis et al., 1983, 1987). Semantic clusteringnencoding strategy that facilitates
recall of semantically related words. This typdeafrning strategy requires an
individual to regroup a list of words into semardategories while attempting to
encode the words into memory. In a functional imggtudy that used a semantic
organization task that was modeled closely on #eTC Savage and colleagues
found that activations of the prefrontal cortexnormal controls corresponded to

levels of semantic clustering (Savage et al, 2001).

Semantic Memory in AD
Semantic memory represents learned knowledge agdadae (Tulving,

1987). Confrontation naming, verbal fluency, anchastic priming are classified as
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semantic memory tasks that are often deficientin(Modges et al., 1991, Bowles et
al., 1987; Butters et al., 1987; Monsch et al.,Z2%almon et al., 1988). AD patients
with compromised semantic memory tend to commueitcat vague, “empty”
manner, and circumlocutions and paraphasias arenoom Cognitive models of the
structure and organization of semantic memory sstgglat information is organized
as a complex network of concepts. Those conchptdhave many attributes in
common are strongly associated in the semanticarktwStrongly associated
concepts are grouped into conceptual categortas.tHought that these conceptual
categories become progressively compromised in Ahe loss of specific
information for concepts, which results in the le@avn of the “organization and
structure” of the semantic network (Au et al., 20BG@tters et al., 1990; Grober et al.,
1985; Martin, 1987; Smith et al., 1989). In a stbg Chan et al. (1997), the integrity
of an AD patient’s cognitive map, which was thoutghtepresent the semantic
network, was negatively correlated with the DenseRating Scale (DRS). In other
words, as the disease progresses, AD patientslessdikely to use abstract
conceptual categories and relied on more concotegptualization such as physical
characteristics (e.g., size) rather than more atistiategorization (e.g., domestic vs.
wild) to cluster types of animals. A series ofdséis by Chan and colleagues have
shown that the semantic network involving “animassabnormal in mildly impaired
AD patients, with the structure of this network eppng “chaotic” (Chan, et al.,

1993a, 1993b, 1995, 2001).

Longitudinal studies of semantic memory in AD hdltestrated progressive
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compromise of the semantic networks over time (Salet al., 1999; Perry &
Hodges, 2000). In a study by Salmon et al. (199@) jntegrity of the semantic
network was examined by comparing AD patients ttedend category fluency.
Category fluency is thought to be primarily semeaidty driven, whereas letter fluency
is facilitated by primarily phonemic-based informoat In addition to exhibiting
advancing deterioration across both fluency taskes AD patients showed relatively
worse category fluency than letter fluency compacecbntrols over time.
Furthermore, these researchers found that AD gaiparformance on semantic
fluency declined over time at a faster rate thar therformance on phonemic
fluency. A qualitative analysis revealed that iseracalled on an initial test were
highly unlikely to be recalled a year later, whar@armal controls were more
consistent across test periods in their responBles.authors interpreted this as an
indication of the “gradual deterioration of the angzation and content of semantic
memory “as the disease progressed. Perry & Ho@@§$¥)) found that semantic
memory deficits occurred after deficits in episoaiemory but before impairments in

attention.

Attention in AD

AD patients have been found to be impaired in mespects of attention.
Impairments have been documented in length of tattespan (Morris & Baddeley;
1988), divided attention and cognitive shifting i@araman & Haxby; 1993), and
reaction-time choices (Nestor et al., 1991). &unsd attention has been found to be a

relative strength until the later stages of thease (Fuld, 1978; Schachter, Kaszniak,
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& Kihlstrom, 1989; Reid et al., 1996; Linn et d995). In contrast, divided and
shifting of attention have been found to be affd@arly in the disease (Perry,
Watson, & Hodges, 2000). In a large epidemioldgtady of 1,000 non-demented
elderly who were followed for 13 years, Linn andleagues found that in those
patients who went on to develop AD, semantic rezsiineasured by the WMS
Logical Memory subtest preceded deficits in atmmtas measure by the WAIS Digit
Span subtest. Studies that have employed morplesrmeasures of attention
(divided attention and shifting of attention) hdeand impairments early in the
disorder (Parasuraman & Haxby; 1993). These momgtex tasks are thought to

rely more on “executive abilities” then sustainéation tasks.

These deficits may be related in part to deterionan the frontal cortex,
involvement of the basal forebrain nuclei, and‘taeinae of neocortical association
areas that participate in cortico-cortico connextigqBraak & Braak, 1996, De

Lacoste & White, 1993).

Complex relationship between episodic memory and beér cognitive abilities
Although it is well established that learning andmory are affected early in
Alzheimer’s Disease, the eventual outcome of tiserdier is global cognitive
impairments. Verbal learning and memory is a higirder cognitive ability that is
dependent on other cognitive abilities such asatte, language, and executive
functions. Therefore, it would be expected thatltingitudinal deficits seen in

episodic memory are not just related to neuroaniatrbnormalities in the medial
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temporal lobes. This conceptualization predictd #s the disease progresses, those
cognitive abilities that are affected later onhe tlisease process will contribute to the
profound memory deficits seen in the later stadesih However, most studies of
verbal learning and recall tend to use instrum#rdasquantify only total correct

scores (e.g., total recall over trial, amount recbfter a delay) and not other
qualitative features of learning and memory. Hemacgualitative examination of AD
patient’s verbal recall may produce a better urtdading of the relationship between

learning and memory and other cognitive systems.

Quantitative and Qualitative Memory Changes in AD & assessed by the CVLT
The California Verbal Learning Test (CVLT) is arsdardized
neuropsychological test that measures immediatelalayed recall and recognition
for auditorially-presented verbal material. Patsesre asked to learn and recall a list
of 16 words (List A) administered over five trialkist A is comprised of four words
from each of four semantic categories (Fruit, ToGlething, and Spices & Herbs). A
distractor list of 16 words (List B) is then presmhfor one trial, immediately
followed by free and semantically-cued recall aftlA. Following a 20-minute delay
period during which non-verbal testing occurs, fre@all and semantically-cued recall
of List A is evaluated. A yes/no recognition memntast concludes the administration
of the CVLT. The CVLT yields both quantitative teang and memory scores (e.g.,
learning across Trials 1-5, Short Delayed Recall, leong Delayed Recall) and a
number of qualitative “process scores,” includngasures of intrusions,

perseverations, serial-position effects, recallsgstency, and the ability to use
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organizational strategies such as semantic veesia slustering.

Compared to amnesic patients, AD patients have toesm to have similar
memory profiles, with comparable levels of learniregall, semantic clustering,
primacy-recency effects, recall consistency, intnusnd perseveration rates,
vulnerability to interference, and recognition disgnability (Delis et al., 1991). The
CVLT performance of the AD patients is exemplifleagdimpairments in learning,
delayed recall, rapid forgetting, recognition meymaneffective use of semantic
clustering, elevated recency effects, and shame&ses in intrusion and false positive
errors (Delis et al., 1991; Greenaway et al., 20@@yitz et al., 2001 & Fox et al.,

1998).

Deficits on the CVLT also have been found in noredderly controls that
were at risk for AD (Bondi et al, 1995). In aneatipt to elucidate early cognitive
impairments in patients at high risk for AD, Boraghd colleagues compared the
performance of nondemented older adults with aridout the epsilon 4 allele of the
apolipoprotein E (APOE-epsilon 4). Although botlogps were comparable across
demographic and mental status variables, theyrdfsignificantly on nine CVLT
variables. These variables included List A TriaB&ort Delay Free Recall, Long
Delay Free Recall, Long Delay Cued Recall, Peroéhbng Delay Savings,

Semantic Clustering, Percent Recency Recall, Legr8lope, and Cued Recall

Intrusions. Although the mean scores of the AP©£Epatients fell within the
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average range for their normative age group, ther@af their mild deficits paralleled

the pattern of performance found in patients wéHyestage AD. APOEz4 patients

showed flatter learning curve, recalled fewer itemsielayed recall, and tended to

use less effective organizational learning strai@pndi et al, 1995.

Several studies have documented episodic defirckdi using the CVLT
(Delis et al., 1987, 1991; Massman et al., 199Zr@bal., 1985; Libon et al., 1998;
Fox et al., 1998; Kohler et al., 1999; Bayley et 2000; Lange, 2002 ). In general,
during the learning phase, AD patients tend tolgkfiat learning curves, impaired
primacy recall, and intrusion errors (Delis et 4891; Massman et al., 1993; Fox et
al., 1998; Kramer et al, 1998). After a shortagelAD patients at moderate to severe
stages, show a profound amnesia that is not fa&titby category cues or a
recognition format (Delis et al, 1991; Massmanlgtl®93). A few studies have
looked at verbal memory among Alzheimer patientifédrent stages of the disease
process using the CVLT but few have examined vddaahing and recall
longitudinally (Fox et al., 1998; Bayley et al, ZDMickes et al., 2007; Albert; 2001,
Lekeu et al., 2010). Some studies have also igastt more qualitative or “process”
CVLT variables (e.qg., serial position effects antitusions in AD patients) (Bayley et
al., 2000; Greenway et al., 2006). For exampléeBand colleagues examined serial
position effects in AD patients who were mildly arety mildly demented.
Greenway et al, 2006 examined multiple CVLT inditeesharacterize the pattern of

verbal memory dysfunction in MCI, AD and Normal mgi(AG) subjects. In addition
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to looking at traditional measures of the CVLT @latecall form trials 1-5, short
delay recall and long delay recall), the authoyaed qualitative errors including
total intrusion errors and percent intrusions. sugs from discriminant function
analyses indicated that the more traditional meastidelayed recall and total
learning were better able to distinguish the grouptwever, the manner in which

these variables are affected over time has not Wwednllustrated.

The current study examines quantitative and quisigaf episodic verbal
memory in AD. Initial baseline analyses will ass#®e patient’s performance on
traditional quantitative measures of recall inchgltotal immediate recall (Totimm),
long delay free recall (LDF) and a measure of fexalings, delayed retention rate
(RetRate) as well as qualitative variables at suilgdirst CVLT test administration.
It is hypothesized that the AD subjects will be thest impaired on traditional
episodic measures of verbal list learning and tedp patients will exhibit a similar

but ‘milder’ profile and that both groups will bepaired in comparison to the NC

group.

The CVLT offers a rich assortment of qualitativeiables to assess
longitudinal changes in Alzheimer’s disease. Taeables of interest in this study
include serial position effects, proactive inteefece, organizational strategies,

intrusion errors, and recognition discriminability.

Serial Position Effects
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On list-learning tests, each item occurs in a paldr position on the list.
Performance on list-learning tasks can be exammsealfunction of where the recalled
item was originally found on the list. The gendadlel given to differences in
memory performance as a function of position onligtas the serial position effect.
Serial position effects for normal controls inde#hat recall is best for items at the
beginning and end of the list (respectively, prisnand recency effects; (Murdock,
1962, 1983). Several studies have documented win@d primacy effects and or
exaggerated recency effects in asymptomatic miaigéel children of patient with AD,
patients with mild cognitive impairment, and patgeediagnosed with mild AD; (La
Rue et al., 2008; Howieson et al. 2010, Bayley.e2800). For example, in a study
by Bayley and colleagues (2000), serial positidaat$ were studied on a small cohort
of AD patients. They found that mildly demented A&tients exhibited a reduction in
the primacy effect (first 2 words on the list) Imait the recency effect (last two words
on the list). Alzheimer’s patients tend to showetevated recency effect, indicating
that their ability to encode information is impairand their recall may simply reflect
their relatively better attentional skills. Thessults suggest that it may be fruitful to
investigate serial position effects longitudinally.is hypothesized that Control
Subjects will exhibit normal primacy and recencfgefs and these effects will remain
relatively stable over time. It is hypothesizedtthreAD patients will initially exhibit
a mild decline in primacy recall and normal or ryildlevated recency recall. AD
patients will exhibit moderate declines in primaegall and moderately elevated

recency recall.
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Proactive Interference

On a verbal learning task, proactive interfererg ¢ccurs when previously
learned material interferes with the acquisitiomeiv material. On the CVLT, Plis
best illustrated when information learned from lAsinterferes with the recall of List
B. A Pl effect occurs if recall of List B is sidmantly lower than recall of Trial 1 on
List A. If proactive interference is prominentirimsions of List A words on the List B
Recall Trial may also occur (Lezak, 1995; Liborakt2011). PI effects tend to vary
as a function of the severity of the memory diso(#®pelman, MD, 1991; Helkala,
1989; Woodward & Bjork, 1999). According to Roule@001), “the PI effect is
dependent on the level of learning; the more maltérat was learned previously, the
more difficult the learning of new material will pespecially if the new and old
material is alike.” Consistent with these findingss predicted that as the disease
progresses, AD patients will exhibit a significalecrease in the PI effect. In addition,
as AD patient’s ability to retain information deases (Total Recall for Trials 1-5 on
the CVLT), their level of Pl will decrease over gras well. It is also hypothesized
that patients who are pre-symptomatic will exhéomild decrease in Pl effect relative
to control subjects, and these findings should mecmore prominent over time.

Control Subjects will exhibit the largest PI effewhich will change little over time.

Semantic Clustering
The CVLT was designed to analyze types of recedtsgies when encoding
verbal information. Two types of learning stragsgare examined. One of the

strategies is called serial clustering. This sgygtreflects the extent to which a subject
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attempts to recall the list in the same order asg presented. Semantic clustering,
on the other hand, reflects an individual’s abitdyreorganize the target words into
categorical groups. On the CVLT, semantic clustgreflects the extent to which a
patient is able to use the different semantic aateg (fruit, tools, clothes, and spices)
represented in the list to enhance recall. Semahistering in AD is affected early in
the disease process (Delis et al., 1991; Bondi,g1305). While elderly normal
controls have been found to use semantic cluststiagegies on the CVLT, APOE-
epsilon 4 subjects (who went on to develop AD) Hasen found to use a less
effective organizational strategy (serial clustgyiwhen learning verbal list
information, even though overall mean recall scareshe CVLT were within
normative limits for their age group (Bondi et d4995). AD patients considered to be
in the mild stages of AD have been found to relyngarily on a serial clustering
strategy (Delis et al., 1992 ). Wegesin et al ®d0und that decline in semantic
clustering is more closely related to changes mas#ic knowledge rather than a
processing limitation in working memory. For therent study, it is hypothesized
that as AD progresses, levels of semantic clugexifi decline. Pre-symptomatic

AD patients will exhibit mild declines in semantiustering and normal correlations
between semantic clustering. Control SubjectsexHibit stable levels of semantic

clustering.

Intrusions
Intrusion errors are words recalled that are nohébon the original list.

Intrusion errors occur early in AD (Loewenstein,Iké, Eisdorfer, Guterman,
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Berkowitz, & Duara, 1989; Loewenstein, D’Elia, Gutean et al., 1991; Fuld,
Katzman, Davies, & Terry, 1982; Kramer, Delis, Bluscz, et al., 1988; Kamer,
Levin et al., 1989; Reed et al., 1988; Greenwaal.eR006). As the disease
progresses, intrusion errors tend to proliferatédHKatzman et al., 1982). Ina
longitudinal study, intrusion errors were foundriorease as a function of severity
(Fox et al., 1998). In studies of AD patients siisd as mildly to moderately
demented, intrusions errors made up 47% (Delit €1201) and 71% (Kramer et al.,

1988) of subject’s responses.

In early studies of Alzheimer’s disease, intruséorors were examined for
their sensitivity in differentiating AD from normabntrols and patients with other
neurological and psychiatric disorders. Fuld (1988nd that intrusions differentiated
AD from other dementing processes (Fuld et al. 31981ld, Katzman, et al., 1982),
while Gordon et al., (1984) and Loewenstein et(aB89) found that the presence of
intrusion errors did not distinguish AD from othegurological groups. Other authors
found that the frequency of intrusions did notidigtiish AD from normal controls
(Ober, Koss, Friedland, & Delis, 1985). Howevehen intrusions occur on recall
measures (Immediate vs. Delayed Recall Trials)sadlypes of intrusion errors have
been found to be more sensitive in distinguishimyffom normal controls and other
neurological disorders (Loewenstein et al, 198911 ®Rouleau et al, 2001).
Examining intrusion errors qualitatively was alsdiul in characterizing clinical
groups in a study of patients in the pre-clinidajes of AD. Specifically, mild

elevations of intrusions on the Cued-Recall Tradlthe CVLT were found to
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distinguish pre-clinical AD patients from normalntmls (Bondi et al., 1995, 1999).

There are many types of intrusions errors descritbéige literature
(Loewenstein et al., 1989; Fuld et al., 1982; SkindCaplan, & Hier, 1984 )).
Loewenstein and his colleagues (1989, 1991) idedtifve kinds of intrusions that
are listed in Table 2.

Table 2. Classification of Intrusion Errors frorndwenstein et al., 1989

Intrusion Errors Description

Test Intrusions Intrusions that originate from idistor tasks

Shift Intrusions Intrusions that reflect difficids shifting from a
previous task.

Conceptual Intrusions Intrusion responses thataneeptually similar to

previous task items.
Confabulatory Intrusions Intrusion errors that asnhef a single word and that
arise from a combination of two target items.
Unrelated Intrusions Intrusion errors that do mbdate in any way to the
target items presented.

In the 1989 study, intrusion types were examineahirttempt to differentiate AD
patients from other neurological patients knowmigke intrusions errors (vascular
dementia). The authors found that unrelated e(tatsr renamed in subsequent
studies as semantic errors) were more frequenDiraAd reliably distinguished

mildly impaired AD patients from other neurologicabups. Specifically, using a
selective reminding paradigm, which required suisjéx alternate between free-recall
and distractor trials, mildly impaired AD patiemtere more likely to make unrelated
intrusion errors (“those responses unrelated teeethe to-be-remembered targets or
distractor items.”) than patients with vascular éatia, even though the both groups

had equivalent scores on the MMSE.
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Using the Rey Auditory Verbal Learning Test (RAVL Rouleau, Imbault,
Laframboise, & Bédard (2001) examined intrusiomexin patient with AD,
Parkinson’s Disease (PD), and dementia with promifrental lobe symptoms (FD)

patients. A qualitative analysis of the type dfusions made is illustrated in Table 2.

Table 3. Classification of Intrusion Errors from Rouleau et al., 2001

Intrusion Error Description

Same Category Intrusion semantically related tmedwon the list to be
remembered (functional or categorical)

Phonemic Intrusion with acoustic similarttya word on the list.

Unrelated Intrusion without any obvious categotiéahctional, or

acoustic relationship with the words on the list.
Free Associations Production of a series of intmsioften related to each
other but without any obvious relationship with therds

on the list.
Prior List 1. Words from List A reported while recalling LBtand
Intrusions 2. Words from List B reported while recalling Lt

Results indicated that unrelated intrusion errest blifferentiated the groups,
with PD patients having far fewer unrelated intomserrors than both AD and FD
patients. Unrelated intrusion errors were “seerefiscting a deficit in the self-
regulatory mechanism, that is, an inability to bibrelevant information during

recall” (pg. no. 248)

The authors of the CVLT-II (Delis, Kramer, Kaplan@ber, 2000), the revised
version of the CVLT, have proposed a number oked#ht ways to examine intrusion
errors qualitatively. One distinction is made betw category and non-category

intrusions. Category intrusions are those intnugiors that belong to one of the six
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categories on List A or List B ( i.e., fruit, spgc& herbs, tools, clothing, desserts, or
furniture from the original CVLT) but are not onktbe target words. Two subtypes
of category intrusions include synonym and subatginntrusions. A synonym
intrusion occurs when an examinee recalls a synasfyatarget word instead of the
actual target word (e.g. pants for slacks). A sdimate intrusion error occurs when
an examinee reports a specific subtype of a tavged (e.g., red grapes for grapes).
A non-category intrusion is a non-target word tth@¢s not belong to any of the
categories to which the subject has been exposaitie time the intrusion was
reported. For example, a non-category intrusiasdwt belong to one of the six

categories on List A or List B once the List B Tias been administered.

Table 4. Classification of Intrusion Errors on theCVLT-II

Type of Intrusion Error  Description

Categorical Intrusions:  Intrusion errors that bglém one of the six
categories on List A or List B from the original
CVLT, includes fruit, spices and herbs, tools,
clothing, desserts, or furniture.

Non-Categorical A non-target word that does not belong to any ef|th

Intrusions categories to which the subject has been exposed to
at the time the intrusions was reported.

Across List Intrusions A List-A word is reported arlList-B Trial. Or a
List-B word is reported on a List A Delayed Recal
Trials.

Synonym Intrusion A synonym of a target word isated (pants for
slacks).

Subordinate Intrusion A subtype of a target word is recalled (red grape
for grapes).

Uy

In the current study, it is hypothesized that ADigras will make significantly

more intrusion errors in general, than the other gnoups. In addition, it is expected
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that AD patients will make a large number of intomsresponses and the percentage
of intrusion responses will increase as the dispasgresses. PreAD patients may
likely evidence elevated intrusion errors on custh trials when compared to

normal controls.

In the current study, qualitative analysis of istan errors also will be
examined longitudinally. Unlike the findings fraitme Rouleau et al. study (2001), it
is expected that AD patients will make a larger banof category intrusions, as the
CVLT words are derived from semantic categoriesthis study, intrusion errors that
belong to one of four of semantic categories orGWET will be considered
categorical Intrusions. Of particular intereshasv intrusion errors change over time

for AD patients.

It is believed that intrusion errors in AD may lesbstudied within the context
of the breakdown of the semantic network. Witkelatrvely intact semantic network,
intrusion errors will be expected to be exemplaosifthe categories used. For
example, the word “apple” may be expected as ajoggdntrusion from the semantic
category, “fruit.” (It should be noted that theifonost prototypical exemplars of each
category on the CVLT were excluded from the taligét (Delis et al., 1987)). Itis
hypothesized that Control Subjects will exhibitmai levels of intrusion errors and
primarily category intrusions. PreAD patients veihibit mildly elevated levels of
intrusion errors and primarily category intrusionoes. It is hypothesized that as AD

progresses, levels of intrusion errors will inceeasad there will be a higher
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percentage of noncategory intrusion errors.

Recognition Discriminability

The CVLT also provided measures of recognition mgmad he recognition
items consist of the 16 target words, 16 phonenyisahilar distractor words, 8
semantically related words, 8 unrelated items,&rndms from the distractor List “B”.
Research has shown that AD patients are impairedangnition discriminability on
the CVLT and the CVLT-II (Delis et al, 1991; Trostt al., 1993; Baldo et al., 2002;
Fine et al., 2008). Much of this research has laémed at differentiating profiles of
memory disorders between patient groups that extdoiical (AD patients) or
subcortical profiles (Huntington’s and Parkinsodisease patients). Finding from
these studies tend to support the idea that ARpestimpairment on yes/no
recognition verbal memory tasks is related to mésiaporal pathology whereas
Huntington’s and Parkinson’s Disease patients veind to show disproportion
advantage on the same tasks have relative spdrsuboortical structures (Braak &
Braak, 1991). What has not been studied is hoagmrtion discriminability changes
over time. It is hypothesized that has Control satgj will evidence normal
recognition discriminability scores. It is alsopoyhesized that preAD will exhibit
mildly elevated recognition discriminability scorekile AD patient will exhibit
moderately elevated recognition discriminabilitpsgs. As AD progresses the level

of recognition discriminability will increase fookh preAD and AD patients.

Research has shown that in moderate stages oissase process, a large

proportion of AD patient’s responses on the recogmitask are false alarms (Deweer
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et al., 1993). Of interest are the number of falssitive errors AD patients make. It
is hypothesized that Control Subjects will makenmalrlevels of false positives. Itis
also hypothesized that PreAD patients will exhmbilidly elevated levels of false

positives. As AD progress, levels of false possiwill increase for AD patients.

The purpose of the present study is to charactepmodic memory in
preclinical AD patients and AD patients relativentmrmal controls. An initial
analysis of the patient groups at their first assesnt will be conducted and this
analysis will followed by a second analysis witlesipl emphasis on qualitative
measures from the CVLT, over 3 serial assessméhemase see Table 5 for a

summary of hypotheses.



Table 5. Summary of Hypotheses:

Initial Assessment

H1

Over Serial Assessments

It is hypothesized that the AD subjects willthe most impaired on
traditional measures of verbal list learning arel phe AD patients will exhibi
a similar but ‘milder’ profile and that both groupd! be impaired in
comparison to the NC group.

H2a

H2b

H3

H4

H5a

H5b

H5c

H6a

Control Subjects will exhibit normal primacyeafts and these effects will
remain relatively stable over time, while pre-at@i AD patients will initially
exhibit a mild decline in primacy recall. AD paite will exhibit moderate
declines in primacy recall.

Control Subjects will exhibit normal recencyeets and these effects will
remain relatively stable over time. PreAD patiesii$initially exhibit a
normal or mildly elevated increase in recency leédd patients will initially
exhibit moderately elevated percent recency recallthis will increase
slightly over time.

Over time AD patients will exhibit a significadecrease in the PI effect.
Pre-symptomatic AD will exhibit a mild decreasePiheffect relative to
control subjects, and these findings should becoime prominent over time
Control Subjects will exhibit the largest Pl effewhich will change little
over time.

AD patient’s levels of semantic clustering vdécline over time. PreAD
patients will exhibit mild declines in semantic sflering over time. Control
Subijects will exhibit normal levels of semanticatkring.

It is hypothesized that Control Subjeditsexhibit normal levels of intrusion
errors and PreAD will exhibit mildly elevated lesaif intrusion errors, while
AD patient’s intrusion errors will be the most edé=sd.

Overtime AD and preAD patient’s rate of intusierrors will increase over
time.

Both AD and preAD patients will primarily makategory intrusions and
over time their percentage of category intrusioilsdecrease while their
noncategory intrusion levels will increase

Recognition Discriminability scores will be reampaired for AD and
preAD subjects over time while Control Subjects @&gition

Discriminability scores will remain stable over 8m
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[l Methods

Subjects

A total of 144 individuals with archival data attAlzheimer’s Disease
Research Center (ADRC) at the University of Cafifar San Diego were included in
this study; 102 AD patients, 20 PreAD patients, aachormal controls. All AD,
PreAD, and NC were participants in an ongoing lardjnally study at the University
of California, San Diego (UCSD) Alzheimer’s Dised&esearch Center (ADRS)
though which they received annual, physical, negickl, and neuropsychological
evaluations. On the basis of these evaluationsaangnber of laboratory tests used to
rule out other causes of dementia (e.g., hypothdigoi, vitamin, B12 deficiency,
electrolyte imbalance). All AD patients receivediagnosis of Probable or Possible
AD by two senior staff neurologists according te thiteria developed by the work
group of the National Institute of Neurological a@dmmunicative Disorders and
Stroke (NINCDS) and the Alzheimer’s Disease anchieel Disorders Association
(ADRDA; McKhann et al., 1984). All subjects in teudy were screened for a
history of head injury, alcoholism, or serious gagtric difficulties. To reduce the
possibility of including multi-infarct dementiasagents with a score of 5 or greater on
the Hachinski scale (Hachinski et al., 1975) werdwaled from the AD group. Only
those AD patients who had a MMSE score ranging fi@nor greater at the time of
their first evaluation were included in the longiiinal analysis. The pre-symptomatic
AD patients were Alzheimer’s Disease patients, wiittally entered the study at the

ADRC as normal controls. Upon their first evaloatiall preAD patients were judged
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to be cognitively normal by two senior staff neogikts based on medical,
neurological, and neuropsychological evaluatiodRgagnosing neurologists were not
privy to specific neuropsychological tests sconasvieere given summary results of
the cognitive assessments. At the time the fikdt Tprotocol was used, the DRS
total scores for the pre-symptomatic patients viretbe normal range for their age
groups. The preAD patient’s received a diagnosether Normal Control or At risk
for AD at the first evaluation. The time from thdministration of the first CVLT

until the preAD group were given a diagnosis ofifatde AD ranged was 1 to 7 years

with an average of 3.5 years to a diagnosis of &tebAlzheimer’s disease.

The AD and preAD patients were matched for ageeshutation to 50 normal
controls who remained cognitively healthy for theation of their participating in the
ADRC study. The exclusion criteria for the NC goalso included a history of

severe head injury alcoholism, or serious psydbidisturbance.

Demographics

Demographic data for 102 AD patients (38 men and/éen), 19 pre-
symptomatic AD patients (7 men and 12 women, anddsthal controls (25 men and
25 women) were examined for this study. The meg education, DRS, MMSE,
and gender distribution for each group at the trhhe first evaluation are shown in
Table 6. Using an alpha level of .05, One-way yse&d of variance (ANOVA)
showed no difference in age(2, 141) = .03p = .97, years of educatioR(2, 141) =

.33,p = .72 among the three groups. There was, howawnesyerall significant effect
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of group for both the MMSE and DRS (bgilvalues < .005) among the three groups.
Post-hoc pairwise comparisons with Tukey’s testasdbthat at expected, the AD and
the preAD groups scored lower than the NC groupthaddD group scored lower
than the preAD group on the MMSE. On the DRS tBeghoup scored lower than

the NC group and the pre AD group but the preADugrdid not score statically

significantly lower than the NC group € .17).

Table 6. Demographic Characteristics of Subject Grups

Groups

AD preAD NC

N =100 N =19 N =50

M (SD) M (SD) M (SD)
Demographics
Age 73.60 (7.42) 73.60 (7.43) 73.38 (6.24)
Education 14.71 (3.16) 15.00 (3.16) 15.16 (3.09)
Gender 38/62 7/12 25/25
(male/female)
MMSE 24.95 (2.47) 24.97 (.77) 27.74 (1.94)
DRS 122.16 (8.82) 135.89 (5.92) 139.43 (2.86

Note . AD = Alzheimer’s Disease, preAD = presymp#ici Alzheimer’s Disease, NC = Normal
Control, MMSE = Mini Mental Status Exam, DRS = Danrtia Rating Scale

Procedure

Test Stimuli
At the ADRC, AD subjects are administered seveealrapsychological tests

as a part of the annual battery administered aADIRC. The MMSE is a brief 30-
point standardized cognitive screening instrumeaeduo screen for cognitive
impairment. It is also used to estimate the sgweficognitive impairment and to
document the course of cognitive changes over tiliitee MMSE was administered

according to the procedures of Folstein et al. $)97The DRS is a screening
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instrument designed to measure cognitive changgoften accompany dementias,
such as the dementia associated with Alzheimese&¥e. The DRS includes five
subscales that assess abilities commonly affegtetbimentia: Attention, Initiation,
and Perseveration, Construction, Conceptualizatiod,Memory. The DRS was
administered according to the procedures of M&t®56). Both the DRS and the
MMSE were used to establish the level of cognitapairment among the groups at
the time of their first CVLT administration. Thest to be analyzed in detail will be
the California Verbal Learning Test (CVLT). The CW(Delis et al, 1987), a test of
verbal memory, consists of the oral presentatioa ‘@hopping list” of sixteen words
(List A) for five Immediate Recall Trials. Thetisonsists of four items from each of
four categories. Following the five learning Tsigh second interference list (List B)
is presented for one trial. Free- and CategorydReecall Trials of List A are then
administered (the Short-Delay Trial). After a twgeminute interval in which
nonverbal testing occurs, the Long Delay Free ReCakd Recall, and Recognition

of List A are again assessed.

The CVLT, MMSE, and the DRS were administered L&l patients, preAD
patients and NC participants as part of a largdehaof neuropsychological tests.
The tests were administered on the same day wiitleisame test session. All the
patients were administered the CVLT, MMSE, and R8ach consecutive annual
evaluation. The participants were individuallytéesby trained psychometrists in a

quiet, well-lit room.
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Below are the variables selected for analysis tres$ study hypotheses.

Table 7. Description of the CVLT Variables Analyzel

Variables Description

Total Immediate Recall Total correct words recalleils 1-5

Long Delay Free Recall ~ Total number of correct wordslied on Long-Delay Free Recall, List
A

Delayed Retention Rate  Total number of correct woetalled on Long Delay Free Recall
(LDF) divided by the total number of correct wordsalled on Trial 5
(T5), List A times 100. [(LDF/T5) x 100].

Semantic Clustering Ratio Ratio of List A wordsrfréhe same category recalled together over
chance expected semantic clustering given numbeoods and
categories recalled.

Percent Primacy Recall Percentage of total wordslled on Trials 1-5 that are from the
primacy region of List A (first four words).

Percent Recency Recall Percentage of total wowgleel on Trials 1-5 that are from the
recency portion of the list (last four words).

Proactive Interference Difference of total wordealled on List B subtracted from total words
recall on Trial 1, List A.

Total Intrusions Total intrusions errors made drirak recall and cued trials.

Category Intrusions Total category errors madellofinege recall and cued trials. A category

is an intrusion that is a semantic member of ageaeon the target list
(e.g. a subject says “hammer” on a List A Trials).

NonCategory Intrusions  Total noncategory intrusorors made on all free recall and cued trjals.
A noncategory intrusions is an intrusion that imaatically unrelated to
the categories on the list (e.g., a subject sagach”).

Synonym/Subordinate Total synonym/subordinate givmuerrors made on all free recall angd
cued trials. A synonym intrusion errors is a symrof a target word
(e.g. says “pants” for slacks). A subordinatsifsilar to a synonym
intrusion but it reflects a specific example okeget word (e.g., “red
grape” for “grape.”)

Across List Intrusions List A word is used on atlBsTrial, or a List B word is reported on 4
List A Delayed Recall Trials.
Recog Discrim Signal detection measure of the tghith discriminate hits (signal) from

false positives (noise) on a yes/no recognitioh tes
Recog Discrim False Pos Number of distractor itefastified as List A items on the recognitig
test

=)

Statistical Analyses

To begin with, a series of one-way ANOVAs were perfed to examine
group differences on all baseline CVLT measureddi#onally, a 3 (groups) x 3
(time points) mixed model design was used to exarairange in performance within

and between groups. Follow-up analysis, inclugiogt-hoc comparisons were
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performed as needed. To correct for multiple camspas, thep value required for
statistical significance will be lowered to .0lhat than thetandard .05 value. While
it is recognized that this may not entirely protegainst Type | error, a more stringent

criteria would increase Type Il error due to a dreaimple size.



[l Results
List Learning Recall at time of first CVLT administ ration:
The variables Total Immediate Recall (Totimm), Lddejay Free Recall
(LDFR), Delayed Retention Rate (RetRate), seriaitpm effects, proactive
interference, semantic clustering, intrusion ereord Recognition Discriminability

(RecogDis) were used as the dependent variablée isimple one-way ANOVAs.

Baseline Characteristic§Refer to Table 8 for mean values)
Total Immediate Recall

The assumption of homogeneity was violated fovatlables, as assessed by
Levene’s Test of Homogeneity of Variangerénges = .0005 - .042). The groups
were statistically significantly different on TottmWelch'sF(2,46.02) = 101.24p <
.0005. The AD group obtained an average of 23.8890), the preAD group an
average of 33.21 ¢9.70) and the normal control group an averagé&9(11.48).
Games-Howell post-hoc analysis revealed that thegAddip’s Totimm was
statistically significantly lower than the NC gro(#26.38, 95% CI (-30.80 to -21.96),
p <.0005) and the PreAD group (-9.83, 95% CI (-183@823.84),p <.0005) and that
the PreAD group’s Totlmm was statistically sigrafitly lower than the NC group (-

16.55, 95% CI (-23.27 to -9.83),<.0005).

36
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Long Delay Free Recall

The groups were statistically significantly diffateon Long Delay Free Recall
Welch'sF(2,42.50) = 129.40p < .0005. The AD group obtained an average of 1.49
+ (2.46), the preAD group an average of 4.88:61) and the normal control group an
average 10.46 §3.54). Games-Howell post-hoc analysis revediatithe AD
group’s long delay free recall scores were statdlif significantly lower than the NC
group (-8.97, 95% CI (-10.30 to -7.64)<.0005) and the PreAD group (-3.35, 95%
Cl (-5.53 to -1.18)p <.0005) and that the PreAD group’s Long DelayeHrecall
was statistically significantly lower than the Négp (-5.62, 95% CI (-7.99 to -3.24),

p <.0005).

Delayed Retention Rate

The groups were statistically significantly diffaten the delayed retention
rate Welch’'s$=(2,48.13) = 67.54p < .0005. The AD group obtained an average of
23.67.33 H34.38), the preAD group an average of 53.38%:65) and the normal
control group an average 84.3¢18.52). Games-Howell post-hoc analysis revealed
that the AD group’s delayed retention rate wagstteally significantly lower than the
NC group (-60.69, 99% CI (-73.61 to -47.7{F)%.0005) and the PreAD group -29.63,
95% CI (-55.24 to -4.03p = .003) and that the PreAD group’s delayed retentate
was statistically significantly lower than the N@&gp 31.06, 99% CI( 6.11 to 56.00),

p =.001).

Serial Position Effects, Primacy
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The groups were statistically significantly diffateon primacy, Welch’s
F(2,47.51) = 16.09p < .0005. The AD group obtained an average of+.2B0), the
preAD group an average of .33 4£0) and the normal control group an average+.30
(.05). Games-Howell post-hoc analysis revealetlttteaAD group’s primacy scores
were statistically significantly lower than the N@up (-.08, 95% CI (-12.30 to -.05),
p <.0005) and the PreAd group (-.12, 95% CI (-.19.@6),p <.0005) and that the
preAD group’s primacy score was not statisticalgngicantly different than the NC

group (.04, 95% CI (-.02 to .1(Q),= .28).

Serial Position Effects, Recency

The groups were statistically significantly diffateon recency, Welch’s
F(2,46.43) = 49.09p < .0005. The AD group obtained an average of-.499), the
preAD group an average of .33 4£2) and the NC group an average_.2806).
Games-Howell post-hoc analysis revealed that thegAdDip’s recency scores were
statistically significantly higher than the NC gp(121, 95% CI (.16 to.25p <.0005)
and the PreAd group (.16, 95% CI (.07 to .24¥,.0005) and that the PreAD group’s
recency score was not statistically significanilyher than the NC group (.05, 95% CI

(-.02t0 .12)p=.23).

Proactive Interference
The groups were statistically significantly diffaten proactive Interference,
Welch'sF(2,44.95) = 39.71p < .0005. The AD group obtained an average of 2.06

(1.99), the preAD group an average of 3.6229) and the normal control group an
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average of .5.75 §2.53). Games-Howell post-hoc analysis revediatithe AD

group’s proactive interference scores were staéiltyi significantly lower than the NC
group (-3.69, 95% CI (-4.68 to. -2.7@)<.0005) but not the PreAD group (-1.62, 95%
Cl1(-3.03 to -.22)p =.02) and that the PreAD group’s proactive intenfee score was
statistically significantly lower than the NC gro(42.07, 95% CI (-3.63 to -.50p,=

.007).

Semantic Clustering

The groups were statistically significantly diffateon semantic clustering,
Welch'sF(2,42.17) = 38.02p < .0005. The AD group obtained an average of £.07
(.60), the preAD group an average of 1.4094) and the normal control group an
average of 2.31 £91). Games-Howell post-hoc analysis revealatlite AD
group’s semantic clustering scores were statisyisagnificantly lower than the NC
group (-1.25, 95% CI (-1.59 to. -.9P <.0005) but not the PreAD group (-.33, 95%
Cl1 (-.90 to .23)p =.32) and that the PreAD group’s semantic clustesicore was
statistically significantly lower than the NC gro(4®2, 95% CI (-1.53 to -.30jp, =

.003).

Total Intrusion Errors

The groups were statistically significantly diffaten total intrusion errors,
Welch'sF(2,45.62) = 24.62p < .0005. The AD group obtained an average of®0.1
+(21.44), the preAD group an average of 12.q&06:27) and the normal control

group an average of 5.254t08). Games-Howell post-hoc analysis revealatlttie
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AD group’s total intrusion errors were statistigadignificantly higher than the NC
group (14.85, 95% CI (9.55 to. 20.14)<.0005) but not the PreAD group (8.05, 95%
Cl1 (.36 to 15.73)p =.04) and that the PreAD group’s total intrusioroes was not
statistically significantly higher than the NC gpo(6.80, 95% CI .66 to 12.95),=

.03).

Recognition Discriminability

The groups were statistically significantly diffateon RecogDis, Welch'’s
F(2,47.16) = 14.16p < .0005. The AD group obtained an average of-.6712), the
preAD group an average of .81(4£2) and the normal control group an averag84f .
+.06). Games-Howell post-hoc analysis revealetitbt@AD group’s recognition
discriminability was statistically significantly\wer than the NC group (-.27, 95% CI
(-.31 to -.24) p <.0005) and the PreAD group (-.14, 95% CI (-.2108),p =.0005)
and that the PreAD group’s semantic clusteringesedas statistically significantly

lower than the NC group (-.13, 95% CI (-.20 to },@6< .0005).



Table 8. Table of Means

One-Way ANOVA at first CVLT Administtion
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AD preAD NC OneWay AD vs. preAD vs. | AD
M M M ANOVA NC NC VS.
(SD), (SD), (SD), F value p, p, preA
n n n m? d d D
p,
Recall d
Indices
Total
_ 23.38 33.21 49.76 " .000
Immediate (8.90). (9.70). (11.48), 101.24 .0005, .0005, 5.
Recall 100 19 50 (.59) 2.57 1.56 1.06
(Trials 1-5) )
Long Delay 1.49 4.84 10.46 x .000
Free Recall| (2.46), (3.61), (3.54), 12(96.;? gogf 20;5 5,
100 19 50 ' ' ' 1.08
Delayed
Retention | 76.33 46.70 1564 1 754" | 0005, | .001, |.003,
Rate (34.38), | (31.65), | (18.52), (.45) 290 120 90
(LDF/Trial 97 19 50 ’ ’ !
5)
A 2t 33 30| 16.09™ | .0005, | .0005, | .28,
y (.30), (.10), (.05), (14) 42 38 54
98 19 50 ' ' ' '
SPE: 49 33 .28 .000
Recency | (.19), (12), oe), |4 %'gg) W B | s,
98 19 50 ' : ' -1.01
Proactive 2.06 3.68 5.75
nerferencel  (199), | (229), | @53). | “(35 | ‘165 | 86 | 76
(A-B) 100 19 48 ' ' ‘ ‘
Semantic 1.07 1.40 2.31 o
- 38.02 .0005, .03, .32,
Clustering (.60), (.94), (.91), (36) 161 98 42
93 19 50 ' ' ‘ ‘
Total 20.10 12.05 5.25 -
intusions | (21.44), | (1027), | (4.18), 2‘(‘% 000> |95 O
100 19 50 ' ' ' '
rFf seoontio o7 81 94 14.16” 0005 0oos, | ‘099
o (.12), (.12), (.06), ' ' ’ ‘ ' 5,
kE))iII?t;nmma 08 19 50 (.56) 2.85 1.37 117

Welch’s F used for Oneway ANOVA
Games-Howell statistics were used for pairwise canmspns
™ P <.0005
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Repeated Measures EffectéMeans and standard deviations are presentedhie Ba

The mixed ANOVA for the effect of time on tiserial position effect of
primacy revealed that the data were not normally distatliy examination of the
Shapiro-Wilk test for the patient groups on years and three. Both the AD and
preAD group’s data were positively skewed. Theiagstion of homogeneity of
covariance, as assessed by Box’s test of equdldgwariance matrices was violated
(p=.0005). Mauchly’s test of sphericity indicateatlithe assumption of sphericty was
not violatedy’ (2) = 4.63p = .10.

The time by group interaction effect was nonsigaift.F(4,296) = 0.26p =
.90,n2 =.003. The main effect of time did not show stataty significant differences
in primacy across three consecutive years of C\AsT administratior(2,296) =
2.07, p = .13, partiah®=.01. The between subjects effect of group, howereowed
that there was a statistically significant differenn primacy scores between patient
groupsF(2,148) = 15.98p < .0005, partiah®= .18, with the AD group obtaining an
average of .29 (SE = .01), the preAD group an ayeead .31 (SE = .02) and the

normal control group .28 (SE = .04).
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Serial Position Effects: Primacy
0.35
0.3 .\“ —]
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E 0.2 - —AD
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Figure 1: Mean primacy effects over time

For the mixed ANOVA usingerial position effect of recency as the dependent
measure, the data were normally distributed asasdeby the use of the Shapiro-
Wilk test for the patient groups on across all gasith the exception of year 2 for the
normal controls. The assumption of homogeneityovariance, as assessed by Box’s
test of equality of covariance matrices was vialdje=.0005). Mauchly’s test of
sphericity indicated that the assumption of sphgma@s not violateg? (2) = .14 p =
.93.

The time by group interaction effect was not statidly significant.F(4,288)
=195p= .1O,n2 =.03. The main effect of time showed a statistycaignificant
difference inrecency effects across the three test administratiéi(®,288) = 8.03p =
.0005, partiah?=.05. The main effect of group indicated significéifferences in
recency scores between patient groefs144) = 44.19p<.00051?=.38 With the

AD group obtaining an average of .52 (SE = .02%),reAD group an average of .36
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(SE =.05), and the NC group .30 (SE =.02). Gienoverall main effects of time,
individual repeated measures were performed fdn gamup. The results revealed
that the AD group performed worse in year 3 relatvyears 1 and 2, the difference
between year’s 2 and 3 approached significapee.03) , but no differences were
found between years 1 and 2, F(2,172) = 957.0005, partiah?=.10. Post hoc
analysis indicated that there was an in increasieanecency effect from year 1 (M =
48, SD = .18) to year 3 (M = .57, SD = .20), distaally significant mean increase
of .09, .99% CI [.03, .15 < .0005. Similar but non-significant result wéoend
between years 2 (M = .52, SD = .21) angh & (03). The preAD group had a similar
pattern to the AD group, in that their performamn@es worse in year 3 relative to years
1 and 2, but these findings were not statisticsiliyificant,F(2,32) = 3.77p = .03,
partial;? =.19.

The between subjects effect of group, however, sldavat there was a
statistically significant difference irecency effect scores between patient groups
F(2,144) = 44.19p < .0005, partiak®=.38, with the AD group obtaining an average of
.52 (SE =.01), the preAD group an average of S¥6€ .03) and the normal control

group .30 (SE =.02).
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Serial Position Effects: Recency
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Figure 2: Mean recency effects over time

The mixed model ANOVA usingroactive interference difference scores were
normally distributed for each group, as assesseskhynination of boxplots and the
Shapiro-Wilk test§>.05, respective). The assumption of homogenédigpwariance,
as assessed by Box’s test of equality of covariamateices was not violated (p=.24).
Mauchly’s test of sphericity indicated that thetamption of sphericity had not been
violatedy? (2) = 2.98p = .22. Time by group interaction effects were statistically
significant,F(4,306) = .44p = .78, partiah2 =.01. The main effect of time did not
show a statistically significant difference in pctae interference across three
consecutive years of CVLT test administratf(®,306) = .36p = .70, partiah?
=.002. The between-subjects analysis indicatedfgignt differences between the

three groups in terms of proactive interferert@,153) = 68.74p = .0005, partiah?
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= .05, with the AD group obtaining an average 67SE = .17), the PreAD group an

average of 3.67 (SE = .40), and the NC group 5584<.24).

Proactive Interference
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Figure 3: Mean proactive interference over time

A mixed ANOVA of semantic clustering revealed that the data were normally
distributed for both the normal control and preADups as assessed by Shapiro-Wilk
test; however, the data for the AD group were padit skewed for years 2 and 3.

The assumption of homogeneity of covariance, assassl by Box’s test of equality of
covariance matrices was not violat@d.002). Mauchly’s test of sphericity indicated
that the assumption of sphericty was not violgfe@) = .45,p = .80. The time by
group interaction effect was not statistically sfigant F(4,256) = .89p = .47,

=.01. The main effect of time was also not sigmifit-(2,256) = 1.11p = .33, partial

n®>=.01. The between-subjects analysis showed sigmifidifferences between the
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three group in terms of semantic clusterif(?,128) = 62.19p = .0005,° = .49 with
the AD group obtaining an average of 1.63 (SE 3, 0% pre AD and average of 1.65

(SE =.08) and the normal controls an average5#f, \SE = .08).

Semantic Clustering
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Figure 4: Mean semantic clustering over time

A 3 x 3 mixed ANOVA was conducted in order to detare the effect of time
ontotal intrusion errors across all learning and recall trials. The dads wot
normally distributed for the AD group as examingd3tapiro-Wilk test. The
PreAD’s data was normally distributed for all yearhile the normal controls data
was normally distributed for years 1 but not yeas 3. The assumption of
homogeneity of covariance, as assessed by Boxt'sftegjuality of covariance
matrices was violated (p=.0005). Mauchly’s tessifiericity indicated that the

assumption of sphericty was not violaj@d?2) = 5.40p = .07. Time by group
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interaction effects were not statistically sigrafitF(4,298) = .45p = .77, partiah2
=.01. The main effect of time did not show a statally significant difference in
total intrusion errors across the three different test poiR{g,298) = 1.07p = .34,
partialn®=.01. The between-subjects analysis was significariotal intrusion

errors F(2,149) = 17.66p =.0005, partiah®=.19, with the Alzheimer’s disease
patients obtaining an average of 21.05, (SE = 1.8% Normal controls an average

of 5.31, (SE = 2.16) and the preAD group an aveodg®l= 13.43, (SE = 3.56).

Total Intrusions All Trials
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Figure 5: Mean total intrusions all trial over time

A 3 x 3 mixed ANOVA was conducted in order to detare the effect of time
ontotal percent category intrusion errors across all trials. The data was not normally
distributed for all the groups as examined by Stwalilk test. The assumption of
homogeneity of covariance, as assessed by Boxt'sftegjuality of covariance

matrices was violated (p=.0005). Mauchly’s tessifiericity indicated that the
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assumption of sphericty was not violajéd2) = 1.58p = .45. Time by group
interaction effects were not statistically sigrafitF(4,260) = .40p = .81, partiah2
=.01. The main effect of time did not show a statally significant difference in
total percent category intrusion errors across the three different test poiR{2,260) =
1.31,p = .27, partiah?=.01. The between-subjects analysis was not sigumif for
total percent category intrusion errors F(2,130) = 3.51p =.03, partiah®=.05 with the
AD group obtaining an average of .57 (SE = .0,gheAD group an average of .48

(SE =.04), and the NC group an average of .494SB).

Percent Category Intrusions (i triais)
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Figure 6: Mean percent category intrusions oveetim

Total percent noncategory intrusion errors were studied with a 3 x 3 mixed

ANOVA to assess the effect of time on the percemtaghoncategory intrusion errors
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made on the CVLT. The assumption of homogeneigovhriance, as assessed by
Box’s test of equality of covariance matrices waswiolated (p=.02). Mauchly’s test
of sphericity indicated that the assumption of sgiyewas violated? (2) = 18.65p =
.005. The time by group interaction effects wewegtatistically significant,
Greenhouse-Geisséf(3.52, 227) = 2.37p = .06,1°=.03. There was no main effect
of percent noncategory intrusion errors over time Greenhouse-Geis$€l..76,227) =
.88,p = .41, partiah’®=.01 The between-subjects analysis indicatedtisttally
significant difference ipercent noncategory intrusion errors between the subject
groupsF(2,129) = 9.66p =.0005, partiak?=.13, with the AD group obtaining an
average of .16(SE = .01), the preAD group an awecdgl3 (SE = .03 ), and the NC

group and average of .06 (SE =.02).

Percent NonCategory Intrusions i
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Figure 7: Mean percent category intrusions oveetim
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A 3 x 3 mixed ANOVA was conducted in orderdietermine the effect of time on
recognition discriminability. The data was normally distributed for both tH2 @nd
the preAD groups as examined by Shapiro-Wilk testyever, the data for the normal
control group was not. The assumption of homodgméicovariance, as assessed by
Box’s test of equality of covariance matrices waated 0 < .0005). Mauchly’s test
of sphericity indicated that the assumption of sgliyewas not violateg? (2) = .36,p
= .83. Time by group interaction effects were natistically significant=(4,304) =
1.65,p = .16, partiah®=.02. There was, however, a significant main eftédime for
recognition discriminability across the three diffiet test point§(2,304) = 4.78p =
.009, partiah”=.03. Given the overall main effects of time, iridival repeated
measures were performed for each group. The samyealed that the AD group
performed worse in year 3 relative to years 1 grial2no differences were found
between years 1 and 2, F(2,178) = 8/09,.00 5,;°= .08. Post Hoc tests revealed that
there was a decrease in recognition discrimingtgtween year 1 (M = .67, SD =
12) to year 3 (M = .63, SD = .12), a statisticalignificant mean decrease of .04, 99%
C1[.001, .077]p = .007. A similar pattern was found between y&@vl = .68, SD =
.12) to year 3, a statistically significant meagréase of .05, 99% CI [.009, .08pb]=
.001. The repeated measures analysis for the pggdlp revealed an identical
pattern to the AD group, in that their performamn@es worse in year 3 relative to years
1 and 2, and no differences were found betweersykeand 2 but these differences
were not statistically significant, F(2,32) = 1.p6s .32, s°= .07.  The between-
subjects analysis showed significant differenceegognition discriminability raw

scores between the group&,128) = 81.11p < .0005, partiah?=.56 with the AD



group obtaining an average of .16 (SE = .01), tied\P group an average of

=.03) and the NC group and average of .06 (SB¥F
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Figure 8: Means for recognition discriminability over time



Table 9. Table of Means for Mixed Model Analyses

Qualitative Variables

Time 1 Time 2 Time 3

M(SD), n M(SD), n M(SD), n

Serial Position Effects, Primacy
AD .22 (.14), 87 .21 (.15), 8} .19 (.14), 87
preAD .33 (.10), 17 .31 (.13), 17 .30 (.13), 47
Normal Controls .29 (.05), 4f .28 (.05), 47 281,617

Serial Position effects, Recency
AD .48 (.18), 87 .52 (.21), 8} .57 (.20), 87
preAD .33 (.13), 17 .33 (.14), 17 A1 (.16), A7
Normal Controls .28 (.05), 48 .31 (.07), 43 301,013

Proactive Interference (a-b)
AD 2.09 (2.06), 93 2.15 (2.08), 93 1.98 (1.92),|93
preAD 3.76 (2.41), 17 3.59 (2.72), 17 3.65 (2.42),
Normal Controls 5.80 (2.55), 46 5.26 (2.35), 46 453.70), 46
Semantic Clustering
AD 1.12 (.58), 71 1.11 (.75), 7f1 1.08 (.73),[71
preAD 1.43 (.94), 17 1.18 (.74), 17 1.38 (.83),(17
Normal Controls 2.34 (.92), 43 2.27 (.96), 43 A.589), 43
Total Intrusions (All Trials)
AD 20.07 (22.13), 89 22.70 (22.85), 8¢ 20.38 (18.74), 89
preAD 12.12 (10.98), 16 16.25 (15.06), [L6 13.687B.16
Normal Controls 6.41 (3.83), 22 4.18 (4.24),22 618.47), 22
Percent Category Intrusions (All Trials)
AD .57 (.23), 86 .58 (.23), 86 .56 (.25), 86
preAD .54 (.29), 15 .48(.28), 15 43 (.34), 15
Normal Controls .52 (.33), 3R .49 (.39), B2 A8, B2
Percent NonCategory Intrusions (All Trials)
AD .14 (.18), 86 .15 (.15), 86 .19 (.17), 86
preAD A7 (.17), 15 .13 (.14), 15 .09 (.16), 05
Normal Controls .09 (.22), 3L .07 (.14), B1 .03],3B1
Recognition Discriminability

AD .67 (.13), 90 .68 (.12), 90 .63 (.12), 90
preAD .81 (.12), 17 .83 (.11), 17 .78 (.14), 17
Normal Controls .94 (.06), 48 .93 (.07), 48 .93 (.06), 48




IV Discussion

It has been well documented that an episodic memefigit is the hallmark
symptom in AD. The nature of the AD memory proéliéer conversion to AD has
been studied extensively and has been charactex&zezflecting an encoding/storage
impairment that affects both recall and recognitioeasures. It is also well
established that patients in the early to mid-safesubcortical dementias often
present with deficits in recall that are mediatgdrbpairments in ‘access to recall’ or
what is also called ‘deficits in retrieval.” Foxample, on verbal list learning tasks
Parkinson’s disease patients and Huntington’s despatients have normal range
recognition but impaired recall scores. Whataswell known is the nature of the
memory profile in individuals who are in a prectal stage of AD. Do preAD
individuals also display an encoding/storage menpoofile, albeit to a mild degree?
Or do they first pass through a stage of exhibitingtrieval memory profile (similar
to patients with subcortical disorders) before digwag their hallmark
encoding/storage profile? The primary aim of therent study was to investigate
features of episodic verbal memory in those idedifs preclinical Alzheimer’s

disease patients, Alzheimer’s patients and noroirols.

Comparisons between the three groups at baselppoded Hypothesis One
that the preAD group would perform significantly iwe than the NC groups and

significantly better than the AD group on tradi@buantitative measures of episodic

54
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memory. Although the AD group was significantlypaired relative to
controls on all nine CVLT variables analyzed, theAD group was only impaired
relative to controls on seven of the nine CVLT ahtes examined (Total Immediate
Recall, Long Delay Free Recall, Delayed RetentiateRProactive Interference,
Semantic Clustering, Intrusion Errors and Recogniiscriminability). Table 7
displays a list of the group means for the initiaé-way ANOVA analysis. In
addition, the preAD group was impaired relativeite AD group on all qualitative
measures with the exception of proactive interfeeesemantic clustering and total

intrusions.

The results from the current study are consistetfit previous research in
episodic memory in patients with Alzheimer’s disepatients. For instance, Delis et
al., (1991; 2000) reported that severe impairmgnksarning, delayed recall savings
scores, and a propensity to commit a high ratatofision errors characterized recall
performance in patients with mild to moderate Alhe results of this study also
supports previous research that AD patients digpdey recognition discriminability
and an inability to benefit from recognition tegtin(Greenaway et al., 2006; Delis et

al., 1991; Davis, 2002)

The current findings echo previous investigatiohpatients thought to be in
the preclinical or prodromal stage of Alzheimerisehse who were impaired on
immediate recall, delayed recall, and rapid foiggton episodic recall tasks (Bondi et
al., 1994; Mickes et al., 2007; Libon et al., 20Lange et al., 2002; Genon et al.,

2012; Rabin et al., 2011; Chen et al., 2001; Greaya2006; Smith, 1998). For
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example, Bondi et al. (1994) found that normal cargubjects with a positive family
history of dementia compared to subjects with aahieg family history were impaired
on free recall. Only a few studies have examiretbal memory profiles using
gualitative CVLT variables in patients diagnosethvWCI or the prodromal phase of
AD (Greenaway; 2006; Libon et al., 2011; Backmaalg001). These studies have
indicated that preAD and MCI patients are impamadnany qualitative features of
the CVLT including serial position effects, recagm discriminability, and intrusion
errors. Current results indicate that the preADgoas were impaired relative to NC’s
on quantitative and qualitative variables on thd . CVhcluding immediate free recall,
long delay free recall, delayed retention rateaptiwe interference, semantic

clustering and recognition discriminability.

Overall, the baseline analysis supporting Hypoth€&sie demonstrated that
PreAD individuals do not first pass through a etal memory profile before
converting to AD, but rather they generally displlag classic encoding/storage
profile, albeit to a milder degree, early in theadise course. The support for this
assertion is best evidenced by the results obtdigede traditional quantitative
CVLT measures (Totimm), LDFR, RetRat) and quaMatrariables (RecogDis, Total
Intrusions) between the groups at baseline. How@vehould be noted that the initial
baseline results did not replicate previous resefindings on serial position effects
where AD patients and some preclinical AD groupsagdd reduced primacy and

increase recency effects.

It was hypothesized that those qualitative featofdhe CVLT indices;
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primacy and recency effects, proactive interfereseeantic clustering, intrusion
errors, and recognition discriminability (hypothe$eo through six) that characterize
impairments in encoding and consolidation in AD Wioalso be present in the preAD
patients and they would decline over a three yedaog in a similar fashion as the AD
group when compared to the normal control groupgedneral, findings from the
longitudinal investigation did not meet the sigeaiint criterion ( < .01 ); however,
there was a main effect of time for two qualitatixariables, serial position recency
effects and recognition discriminability. Examigithe effect of time revealed that
the AD group’s recency effect scores increasedssitatlly significantly over time.
The preAD group recency effects scores also wotsewertime; however, the change
in recency scores between times 1, 2 and 3 onlsoapped significanceg(= .03). As
expected the normal control group’s recency effeores remained stable over time.
These findings support previous research that mceffiects are present in both AD
and preAD groups. Longitudinal findings from therent study also indicated that
the AD group’s recognition discriminability scoréisninished significantly over time.
The preAD group showed a similar pattern but theide of their score over time
only approached significancp €.06) while normal controls recognition
discriminability remained stable. The longitudifiadings indicate that the AD and
to some extent the preAD groups increased theamet on recency strategy over the
course of disease progression. Both groups atgagied a similar inability to benefit
from recognition cues over time, while normal cotgrcontinued to benefit as would
be expected. The finding from the longitudieahluation provide further support

that at preAD stages individuals show an encodiagdge deficit as opposed to a
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primary retrieval deficit.

The hypotheses (H2,3,4,5) for the longitudinal gtuebarding patterns of
impairments of many of the qualitative variablesluiding primacy effects, semantic
clustering, proactive interference and intrusiaoes were not supported in the current
study. The absence of findings for the repeateasore effect of time could be
related to the preAd group’s small sample sizeassbciated lack of power. It also
quite possible that the AD group, who were perfoigrslose to” floor levels,”
influenced the study’s inability to discriminatenitally significant change over time.

Although the longitudinal evaluation of qualitativariables did not find many
distinctive patterns of change for the differerdigys, the findingacross tests for all
qualitative CVLT variables with the exception ofrpent Category Intrusions were
remarkably consistent between the groups when cadpa baseline findings but
indicated additionally significant results. Henreaddition to the longitudinal
differences seen within the groups on Total Inttnsiand Recognition
Discriminability at baseline, significant differezx between the groupsross the
three serial assessments were found on serialgositfects for both primacy and
recency (in the expected direction), proactiverfietence, semantic clustering, total
intrusions and non-category intrusions.

Overall, the results demonstrated that PreAD imtligls do not first pass
through a retrieval memory profile before convegtia AD, but rather they generally
display the classic encoding/storage profile, altmea milder degree, early in the
disease course. This conclusion was confirmeebaynining baseline comparisons

between groups on quantitative and qualitativealdess of the CVLT.
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Limitations

There are a number of limitations to the currémtlg. These findings are most
appropriately generalizable to outpatient neuraalgsettings where patients self-refer
as volunteers possibly due to concerns regardirmgangeor cognitive impairments
but may not be generalizable to other settingdimiation of the current study also
includes the relatively small sample sizes forrtbemal control and preclinical
groups. The smaller comparison groups coupled aviltk of homogeneity of
variance for many of the analyses likely did natyde enough power to detect subtle
changes over time in this cohort. Consequentlyntgative findings with regard to
the longitudinal data must be considered tentativd they can be replicated with a
larger cohort of preclinical and clinical AD patisn The present sample of patients
was primarily Caucasian and well educated, witlyd&rs of education in each group,
and this limits the generalizability of our resutisthe general population.

The preclinical patient’s included in this studipaént on to earn a diagnosis
of probable Alzheimer’s disease, the duration efdisease process prior to their
inclusion into the study ranged from one to sixrgesnd on average the preAD’s
baseline assessment occurred just 1.35 year balitaeing a non-normal diagnosis.
As a result the findings from this study may betiearacterize AD patients just prior
to diagnosis and not in a milder prodromal phas&®fwvhen critical pharmacological

treatments may be more helpful.
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Future Directions

This study highlights the classic features of egiisonemory impairment in
AD and preAD patients. The differences seen betwd2, PreAD, and NC’s on
many of the qualitative variables of the CVLT h&dpdemonstrate that the pattern of
impairments are a stable representation of dealimMarious stages of the disease
process and may possibly help to identify thoséviddals at greater risk for
developing Alzheimer’s disease so that earlierigetions can be initiated. This
study yields an important contribution to the stedyAD patient in the preclinical
phase of AD. It describes information about amarferesearch that remains unclear:
the nature of the encoding patterns seen in thegpreceding dementia in

Alzheimer’s disease.
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