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Abstract

The aim of the study was to determine whether the e4 allele of the apolipoprotein E (ApoE) gene was associated 
primarily with context-specific memory among individuals at genetic risk for developing Alzheimer’s disease. The 
effect of ApoE status on comprehensive neuropsychological results was examined in 176 healthy adults during 
baseline cognitive testing in the NIMH Prospective Study of Biomarkers for Older Controls at Risk for Alzheimer’s 
Disease (NIMH Prospective BIOCARD Study). The presence of the e4 allele was associated with significantly 
lower total scores on the Logical Memory II subtest of the Wechsler Memory Scale-Revised and percent of 
information retained after delay. Further analysis indicated the prose recall and retention effect was partially 
explained by a small subgroup of 4 homozygotes, suggesting a gradually progressive process that may be 
presaged with specific cognitive measures. The current results may represent an 4-associated breakdown between 
gist-related information and context-bound veridical recall. This relative disconnection may be understood in light 
of putative e4-related preclinical accumulation of Alzheimer pathology (tangles and plaques) in the entorhinal 
cortex (EC) and among frontal networks, as well as the possibility of less-efficient compensatory strategies.
(JINS, 2004, 10, 362-370.)
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INTRODUCTION
The s4 isoform  o f  the apolipoprotein E (A poE ) gene is a 
w ell-estab lished  risk factor for early developm ent o f  A lz ­
heim er’s d isease (A D ; B lacker et al., 1997; Corder et al., 
1993; Farrer et al., 1997; Saunders et al., 1993; Strittmatter 
et al., 1993). A lthough a recent m eta-analysis has estab­
lished  an association betw een relatively deficient new  learn­
ing ability and the 4  a lle le  in healthy older individuals 
(B.J. Sm all et al., 2003 ), the qualitative nature o f  this asso­
ciation remains unspecified. A  usefu l phenom enological d is­
tinction in m em ory research is betw een  content or actual 
item  inform ation and associated  source or contextual m ate­
rial (Van Petten et al., 2000). In general, healthy older adults
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are able to process context-related aspects o f  learning as 
effective ly  as younger adults; how ever, older persons re­
quire increased cogn itive support w hen content and context 
are not intrinsically related (G ilsky et al., 2001; Spencer & 
Raz, 1995). In marked contrast, A D  patients do not benefit 
from  the inherent coupling o f  content and context on tasks 
o f  ep isod ic  and incidental learning (B alota  et al., 1999; 
Sim on et al., 1994; J.A. Sm ith & Knight, 2002). Is there a 
sim ilar d issociation  betw een content and intrinsic context 
in healthy older adults at risk for A D  by virtue o f  the pres­
ence o f  the e 4  a llele?  This question has not been explored  
system atically  in the extant literature.

B efore exam ining the relevant findings in som e detail, 
another content versus context dichotom y is that o f  gist- 
based learning and veridical response, w hich  respectively  
are defined  as abstract representation o f  sem antic content 
and actual recall or recognition  that preserves surface detail 
(Brainerd & R eyna, 1990). Standardized neuropsycholog­
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ical m easures o f  learning and m em ory use m aterial that 
vary in the am ount o f  inherent g ist inform ation, from  nar­
rative prose and sem antically organizable w ord lists to lists 
o f  unrelated words and som e visual stim uli (i.e ., those that 
can be reasonably associated  w ith sem antics, such as rec­
ognizable faces). B ecau se  m ost stories in w estern cultures 
are organized around a central them e, m easures o f  prose 
recall are arguably am ong the m ost context-bound o f  stan­
dardized n eu rop sych o log ica l m easures. H ow ever, m ost 
neuropsychological tests o f  learning and m em ory require 
verbatim  recall. Consequently, standardized m easures o f  se ­
m antic learning and m em ory m ay assess a hybrid o f  verid­
ical process and gist-based representation, w hich m ay confer 
greater sensitiv ity  for detecting an e4-related effect. For the 
purposes o f  the current study, con text-specific  m em ory is 
defined as veridical recall or recognition  o f  m aterial w ith  
inherent gist.

A  review  o f  the neuropsychology literature suggests that 
the A poE  4  allele primarily im pedes the learning o f  context- 
sp ecific  inform ation am ong healthy older adults at genetic  
risk for A D . For instance, w hereas there is little or no rela­
tionship betw een  the 4  a lle le  and m em orization o f  abstract 
designs in at-risk individuals (e.g ., B ondi et al., 1999), there 
is longitudinal ev idence o f  a relationship betw een  the 4  
allele  and a reduced ability to discrim inate pictorial infor­
m ation (i.e ., faces o f  fam ous persons) that is context driven  
(B.J. Sm all et al., 1998). Sim ilarly, no connection has been  
found betw een learning sem antically unrelated w ords and 
presence o f  the e4  a lle le  in healthy adults (Berr et al., 1996; 
B ookheim er et al., 2000; C aselli et al., 1999, 2001; D ik  
et al., 2000; Kantarci et al., 2002; G.E. Sm ith et al., 1998). 
In contrast, individuals p ossessing  at least one 4  a llele  
perform  w orse w hen learning and recalling item s from  word  
lists that can be actively  organized by sem antic categories, 
w hen studied either cross sectionally  (B ondi et al., 1995, 
1999; J.G. Chen et al., 2002) or longitudinally  (de Leon  
et al., 2001; B.J. Sm all et al., 1998), (although cf. B.J. Sm all 
et al., 2000).

D im inished prose recall associated with 4  among healthy  
older adults has been  docum ented in cross-sectional studies 
(B ookheim er et al., 2000; Schm idt et al., 1996; Schiffm an  
et al., 2002; W ilson  et al., 2002) and in one longitudinal 
study (O ’Hara et al., 1998). D elayed  prose recall also d if­
ferentiates betw een  controls and A D  patients (H ow ieson  
et al., 1997; Marquis et al., 2002; Rubin et al., 1998; Storandt 
et al., 1984; Storandt & H ill, 1989). In addition, there is 
evidence that con text-specific  m em ory m ight decline early 
in the A D  prodrom e (A lbert et al., 2001; E lias et al., 2000; 
L ange et al., 2002; Linn et al., 1995). For exam ple, story 
recall has been  show n to discrim inate betw een  preclinical 
A D  and non-dem enting controls, w hereas prose recall w as 
not able to differentiate betw een eventual A D  converters 
and fu ll-b low n A lzheim er’s d isease (P. Chen et al., 2001). 
M oreover, L ange et al. (2002) found that the absence o f  the 
e4  a lle le  w as associated  w ith better recall (im m ediate and 
delayed) o f  prose m aterial as com pared w ith a categorical 
word list in a subgroup o f  individuals w ho subsequently

developed  A D , suggesting that story learning m ight be par­
ticularly sen sitive to the presence o f  at least one e4  isoform .

Additionally, e4  presence is associated  w ith low er scores 
on tasks o f  rote learning by se lective  rem inding in healthy 
older persons (H elkala  et al., 1995, 1996; M ayeux et al., 
2001; O ’Hara et al., 1998). B ecau se se lective  reminding  
typ ically  uses sem antically unrelated words, the relation­
ship betw een  se lective rem inding and 4  appears m ore at­
tributable to atten tional and e x e c u tiv e  p rob lem s than  
contextual factors. For exam ple, the presence o f  the e4  allele  
has been  show n to be associated  w ith relative decrem ents 
on standard neuropsychologica l m easures o f  processing  
speed, attention, and executive functioning (e.g ., Yaffe et al.,
1997) as w ell as on cogn itive paradigm s o f  visuospatial 
attention and w orking m em ory (G reenw ood et al., 2000; 
Parasuraman et al., 2002; R osen et al., 2002).

The current study reports on data at baseline from  the 
N IM H  Study o f  Biom arkers in Older Controls at R isk for 
A lzheim er’s D isease (N IM H  Prospective BIO C A RD  study). 
B aseline cognitive data were exam ined to determ ine whether 
a relationship ex ists betw een the presence o f  the A poE  e4  
a llele  and con text-specific  learning in asym ptom atic older 
adults. G enetic risk for A lzheim er’s d isease w as defined as 
possession  o f  at least one A poE 4 a llele. A  com prehensive  
neuropsychological battery w as used, including m easures 
o f  ep isod ic learning, language functioning, and visuospa- 
tial ability. Tasks em ploying stories, a list o f  unrelated words 
(on w hich  se lective rem inding w as used), and designs con ­
stituted ep iso d ic  learning. B ecau se  o f  the unique g ist- 
related nature o f  the story learning task in our testing battery, 
w e expected  to find an association  betw een  presence o f  the 
e4  a lle le  and reduced prose recall, but not w ith design  re­
ca ll or noncategorical w ord-list learning. A lthough m ea­
sures o f  language and visuospatial ability are predictive o f  
conversion  to A D  (Arnaiz et al., 2001; B ozok i et al., 2001), 
these neurocognitive dom ains w ere not expected  to be e f ­
fected  early in the d isease process, esp ecia lly  as accum ula­
tion o f  neurofibrillary tangles is largely confined  to m edial 
tem poral lobe structures in the earliest stages (Braak & 
Braak, 1991).

METHOD 

Research Participants

The entire group o f  participants consisted  o f  176 persons 
w ith a m ean age o f  59 years (SD =  8 .6) w ith a range o f  
4 2 -8 6  years. The group w as further subdivided into 115 
w ithout the e4  a lle le  (e4-absent) and 61 w ith the e 4  a llele  
( 4-present). For the overall group and genetic  subgroups, 
m ean age, years o f  education, estim ated verbal in telligence  
quotient (IQ ) on the N ational A dult R eading Test (NART; 
Blair & Spreen, 1989), and gender distribution are shown  
in Table 1. A s expected, A poE  a lle le  groups did not differ­
ent significantly by age (p =  .93), education (p =  .87), 
N AR T IQ (p =  .24), or by gender, ,y2 =  1.90, p =  .17. In
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Table 1. Participant characteristics (means +  standard 
deviations) for the entire sample and ApoE genotype subgroups

Characteristic

Group

Entire sample 4-present 4-absent

Number 176 61 115
Gender (F:M) 112:64 43:18 69:46
Age (years) 59.4 ±  8.6 59.3 7.5 59.4 9.2
Education (years) 16.8 ±  2.4 16.9 2.3 16.7 2.5
NART IQ 120.4 ±  7.4 121.2 6.0 120.0 ±  8.1

Note. e4 =  epsilon 4 allele of the apolipoprotein E gene; F =  female; M = 
male; NART IQ =  National A dult Reading Test Intelligence Quotient.

addition, 10 individuals from  the e4-present group were 
h om ozygotes; neither age, education, nor N A R T  IQ scores 
differed as a function o f  the number o f  e 4  a lle les (0 ,1 ,2 ).

T hese 176 volunteer participants w ere evaluated as part 
o f  a longitudinal study o f  peop le at risk for develop ing A D  
b y virtue o f  genetics, age, or p ositive fam ily history. A ll 
participants w ere com m unity-dw elling residents w ho re­
sponded to either printed advertisem ents in loca l m edia or 
national m edia  sources, inform ational lectures, or w ord-of- 
m outh recruitment by friends or fam ily m em bers. For the 
purposes o f  the present study, genetic  risk o f  A lzheim er's  
disease w as defined  as the presence o f  at least one 4 iso ­
form . The m ajority o f  participants (79% ) had a positive  
fam ily  history o f  A D , w hich  w as docum ented by careful 
review  o f  the m ed ica l records o f  the first-degree relative  
w ith the illn ess.*  Certainty o f  d iagnosis w as determ ined in 
approxim ately 30% o f  fam ilial history participants w ho pro­
v id ed  autopsy records w ith d efin itive  p ath olog ica l e v i­
dence o f  A D  in a parent or sibling. In the absence o f  autopsy  
confirm ation, a firm  case  o f  A D  in first-degree relatives 
w as established through the preponderance o f  c lin ica l ev i­
dence, including reports, neuropsychological evaluation, doc­
um entation o f  a slow ly  progressive dow nhill clin ica l course 
consistent w ith A D , and a m edical evaluation excluding  
other know n dem entia etio log ies. Participants w hose first- 
degree relatives had on ly  sparse records supporting a d iag­
nosis o f  A D  w ere not included in the study.

Clinical Evaluation

The N IM H  Geriatric Psychiatry Branch (G PB) evaluated  
participants during a b rief inpatient stay at the N IH  C linical 
Center. The evaluation included a thorough m edical screen­
ing, neurocognitive profiling, neuroim aging, A poE geno- 
typing, co llection  o f  b io log ic  sam ples (cerebrospinal fluid, 
blood , and plasm a), and behavioral observations. M edical 
evaluations consisted  o f  a physical exam ination, e lectro­

*Participants w ith a positive fam ily history of AD were on average 
significantly older as compared with individuals w ithout a known family 
history of AD (p  <  .001). However after covarying for age, fam ily history 
of AD was not related to any of the neuropsychological measures.

cardiograph, and routine b lood tests to elim inate other known  
contributors to m em ory and general cogn itive impairment. 
R outine m agnetic resonance im aging (M R I) or computer 
tom ography (C T ) scan w as obtained and b lood  tests as­
sessed  venereal d isease research laboratory (V D R L ), com ­
p le te  b lo o d  cou n t (C B C ), V itam in  B 1 2  le v e l, thyroid  
function, and A poE  genotype.

Measures
N europsycholog ica l functioning w as assessed  across five  
dom ains: story learning, word learning, design  learning, 
language, and visuospatial functioning. Story learning was 
assessed  w ith the L og ica l M em ory I & II subsets from  the 
W echsler M em ory S c a le -R e v ise d  (W M S -R ; W echsler, 
1987). Word learning w as assessed  w ith the S elective  R e­
m inding Test (SRT; B uschke, 1973) and Verbal Paired A s­
sociations I & II subtests from  the W M S -R . Tests o f  design 

learning consisted  o f  W M S -R  V isual R eproduction I & II 
subtests and 3-m in recall from  the C om plex Figure Test 
(CFT; M eyers & M eyers, 1995). For log ica l mem ory, v i­
sual reproduction, and the SRT, percent o f  inform ation re­
tained from  im m ediate to delayed  recall w as determined; 
percent retained w as calculated by divid ing the delayed re­
call score by the im m ediate recall score. Language testing  
included letter fluency (either A  or C ), category fluency  
(body parts or countries; Batting & M ontague, 1969), and a 
m odified  version o f  the B oston  N am ing Test (BN T; Kaplan 
et al., 1983). Three 20-item  versions w ere created by start­
ing w ith pictures one, tw o, or three and then using every  
third item  in sequence. Participants w ere adm inistered one 
o f  the three versions. M easures o f  visuospatial functioning 

w ere the copy phase o f  the CFT and the B lock  D esign  as 
w ell as D ig it Sym bol subtests o f  the W echsler A dult Intel­
ligen ce  S ca le -R ev ised  (W A IS-R ; W eschler, 1981).

Procedure
The m ajority o f  participants enrolled in the N IM H  Pro­
spective BIO C A R D  Study w ere adm itted to the GPB in ­
patient unit for a tw o-n igh t stay at b a se lin e . M ed ica l 
procedures and b io log ic  m easures w ere perform ed upon  
w aking on days 2 and 3. C ognitive testing w as adm inis­
tered in 1 .0 -1 .5  hr session s over the entire adm ission  and 
generally  w as conducted in a com bination o f  late m orning  
and early- to m id-afternoon sessions.

A poE genotyping w as done by one o f  tw o assaying m eth­
ods, either polym erase chain reaction (PC R ) or fragm ent 
length polym orphism  (RFLP) by gel electrophoresis. In PCR, 
restriction  en d on u clease  d igestion  w as em p loyed  (per­
form ed by  A thena D iagnostics, W orcester, M A ). RFLP in ­
vo lved  quantitation o f  restriction endonuclease patterns with 
im age analysis (W u et al., 2000).

Data Analyses
T w o-tailed unpaired t tests w ere used  to determ ine statisti­
cal sign ificance betw een  groups (e4-present vs. s4-absent).
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Bonferroni corrections w ere used to preserve fam ilyw ise  
alpha across the five-neurocognitive dom ains at p  .01. 
A lthough m ultiple m easures w ere adm inistered w ithin each  
dom ain, w ithin dom ain m easures w ere h igh ly  intracorre­
lated, thereby reducing the n eed  for further correction. Sat- 
terthwaite adjusted t test and degrees o f  freedom  are reported 
w hen the group variances w ere unequal (W iner, 1991). S ig ­
n ificant t-test results w ere fo llow ed  w ith one-w ay ANO VA  
(number o f  e4  alleles: 0 ,1 ,2 ) and pair-w ise Bonferroni com ­
parisons. In addition for significant interdom ain findings 
betw een the 4  absent and present groups, linear regression  
w as conducted to determ ine i f  dem ographic variables (age, 
education, gender, and estim ated IQ ) m ediated putative a s­
sociation  betw een  cognition  and A poE  4  status.

RESULTS 

e4 Presence Versus Absence
M ean values on all neuropsychological m easures as a func­
tion o f  4  a lle le  status are show n in Table 2. Participants

w ith the 4  a lle le  recalled significantly few er story e le ­
m ents after a 30-m in delay on L ogica l M em ory II (M  

22 .6 , SD =  7 .2 ) as com pared w ith the e4-absent group 
(M  =  25 .7 , SD =  6 .5 ), t (174) =  2 .90 , p  <  .01 (see F ig ­
ure 1). C orrespondingly, the am ount o f  story inform ation  
retained from  L og ica l M em ory after the delay interval was 
ap p rox im ately  10% lo w er  for e4 -p resen t in d iv id u a ls, 
t (174) =  2 .85 , p  <  .01. O f note, m easures o f  w ord and 
design  learning w ere not influenced by presence o f  the 4  
allele. A dditionally, the groups did not differ on m easures 
o f  language and visuospatial ability.

The distribution o f  L og ica l M em ory II scores m et the 
assum ptions o f  hom ogeneity  o f  variance betw een  groups 
and that o f  norm ality across groups, W =  .99, p <  .07. 
H ow ever, because the assum ption for the norm al distri­
bution o f  prose recall scores w as relatively marginal, on e­
sided  nonparam etric testing o f  L og ica l M em ory II ( 4  
presence vs. absence) w as conducted and w as confirmatory, 
z =  - 2 .6 3 ,  p  <  .01. In contrast, L ogica l M em ory percent 
retained scores deviated significantly from  a norm al d is­
tribution as m ost participants exhibited  consistent levels

Table 2. Neuropsychologic test scores of e4-present and e4-absent groups

ApoE genotype

4-present 4-absent

Variable M SD M SD t p

Prose Recall
Logical Memory I 27.5 6.1 29.2 4.9 1.79 .07
Logical Memory II 22.6 7.2 25.7 6.5 2.90 .01
LM percent retained 80.7 16.9 87.5 13.9 2.85 .01

Word Recall
SRT avg. immediate recall 8.9 1.3 9.2 1.2 1.26 .21
SRT consistency .72 .16 .76 .14 1.56 .12
SRT delayed recall 8.4 2.2 8.6 2.6 .66 .51
SRT percent retained 92.8 .22 93.1 .18 .10 .92
SRT recognition hits 11.6 .61 11.4 .99 1.62 .11
Verbal Paired Associates I 20.4 3.0 20.5 3.3 .02 .99
Verbal Paired Associates II 7.9 2.0 7.6 1.4 .90 .37

Design Recall
Visual Reproduction I 34.2 4.8 33.8 4.5 .65 .52
Visual Reproduction II 27.8 8.1 28.7 6.4 .76 .45
VR percent retained 81 .19 85 .17 1.54 .12
CFT 3-minute recall 17.8 7.1 17.4 7.1 .40 .69

Visuospatial Ability
CFT copy 33.7 2.4 33.6 2.3 .37 .71
Block Design 32.5 9.3 31.4 9.0 .80 .42
Digit Symbol 52.8 10.5 54.0 11.3 .67 .50

Language
Letter fluency 15.1 5.2 15.7 4.8 .72 .47
Semantic fluency 28.6 7.9 26.9 7.9 1.36 .18
BNT (20 items) 19.3 .90 19.2 1.1 .54 .59

Note. ApoE =  apolipoprotein E gene; e4  =  epsilon 4 allele of the ApoE gene; LM  =  Logical M emory from  the W echsler Memory 
Scale-Revised; SRT =  Selective Reminding Test; SRT avg. im m ediate recall =  average of recall across SRT learning trials; SRT 
consistency =  average of the total number of words consistently recalled on any two consecutive SRT trials; VR =  Visual Reproduc­
tion from  the W echsler Memory Scale-Revised; CFT =  Complex Figure Test; BNT =  Boston Naming Test. Fam ilywise alpha was set 
at .01 to accommodate Bonferroni corrections.
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(H-------------------1-------------------1-----
e4 A B SE N T  e4 PRESEN T

e4 Homozygotes= |  

e4 Heterozygotes= Q

Fig. 1. Scatter plot of delayed story recall (raw score 
from Logical Memory II) across apolipoprotein E e4 
status. e4-present =  presence of the e4 allele (n =  
61). e4-absent =  absence of the e4 allele (n =  115).

4 Homozygotes individuals with two 4 alleles 
(n 10). 4 Heterozygotes individuals with one 
e4 allele (n =  51). Lines represent mean values ±  
one standard deviation.

o f  recall betw een  im m ediate and delayed recall, W  .93, 
p  <  .01. H ow ever, one-sid ed  nonparametric testing o f  L o g ­
ica l M em ory percent retained also w as supportive o f  the 
parametric result, z 2 .28 , p  .05.

Number of s4 Alleles

The overall effect o f  the 4 a lle le  w as significant on L og i­
cal M em ory II, F  =  6 .24 , p  <  .01. E ven though the only  
sign ificant post-hoc com parison w as betw een 4 h om ozy­
gotes and the e4-absent group, t(173) =  3 .17, p  <  .01, there 
w as a clear dow nward trend in scores betw een absence o f  
the e 4  a lle le  (M  =  25 .6 ), e 4  heterozygotes (M  =  23 .3 ), and 
e 4  h om ozygotes (M  =  18.6), as depicted for all participants 
in Figure 1. The om nibus a lle le  effect for L ogica l M em ory  
percent retained a lso  w as significant, F =  7 .37 , p  <  .001. In 
contrast w ith delayed  prose recall, retention o f  story infor­
m ation for the e4-absent group (M  =  .87) as com pared with  
e 4  heterozygotes (M  =  .83) w as significant, t(173) =  2.58, 
p  <  .05, as w as the contrast betw een  the e4-absen t group  
and s4 hom ozygotes (M  =  .70), t (173^ =  3 .63, p <  .01, 
suggesting that som e but not all o f  the 4-related effect on 
prose learning is due to a double 4 dose.

Linear Modeling of Context-Specific 
Memory

The presence o f  the A poE 4 a lle le  em erged as the primary 
predictor o f  reduced L ogica l M em ory II scores (r  =  - .2 4 ,  
p  <  .01) in the overall linear m od el o f  prose retention, 
R 2 =  .10. N either age, education, nor gender w as s ign ifi­
cantly related to delayed prose recall. In contrast, estim ated  
verbal IQ w as significantly related to prose recall in a p os­
itive direction (r  =  .17, p  <  .05), w hich  fo llo w s from  the 
established relationship betw een generalized  verbal ability  
and related areas, such as verbal learning. A lthough the 
m odel predicted a relatively  sm all am ount o f  the variance 
in delayed  story recall, the presence o f  the 4 a lle le  none­

theless accounted for tw ice the am ount o f  variance as com ­
pared w ith generalized  verbal ability (5.6%  vs. 2.8% ).

DISCUSSION
A s predicted, w e noted a statistically sign ificant 4  a llele  
effect at baseline on ly  on delayed prose recall and retention  
in the N IM H  P rospective Study o f  Biom arkers for Older 
Controls at R isk  for A lzheim er’s D isease. This finding cor­
roborates previously  published data on the effects o f  e 4  in 
at-risk populations on contextual learning assessed  either 
by recall o f  story m aterial (e .g ., Schm idt et al., 1996) or 
sem antically organizable word lists (e.g ., Bondi et al., 1999). 
It should be noted, how ever, that although participants p o s­
sessing at least one 4 a lle le  scored significantly low er on 
prose recall and retention, their scores w ere w ell w ithin the 
range o f  normal functioning; in fact, a young adult (b e­
tw een the ages o f  20  and 30) w ith the sam e score as the 
m ean o f  our 4-present group w ould  be w ithin normal lim ­
its on prose recall. H ence, the effect o f  4  on context-bound  
learning and m em ory is subtle and lik ely  is undetectable on 
the vast m ajority o f  daily tasks and interactions. E ven so, 
the 4-related reduction in context-specific  m em ory is p os­
sib ly su ggestive o f  a b iology-driven  behavioral decrem ent. 
In addition, our finding o f  reduced story recall and reten­
tion in the 4-present group m ight b e consistent w ith find­
ings that L og ica l M em ory has greater pow er to predict 
conversion  from  cogn itively  intact to m ild  cogn itive impair­
m ent (M C I) than from  M CI to A D  (e.g ., Tierney et al., 
1996).

A  sm all group o f  s4 h om ozygotes explained som e but 
not all o f  the A poE  4 effect on delayed  prose recall and 
retention. A s show n in Figure 1, 4  hom ozygotes w ere c lu s­
tered in three groups w ithin the overall 4-present group, 
including three individuals betw een  the m ean and one stan­
dard deviation above the m ean, four individuals betw een  
the m ean and one standard deviation b elow  the m ean, and 
three individuals less than one standard deviation b elow  the 
m ean. This spread in the distribution o f  4  hom ozygotes
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m ay represent a cross-sectional snapshot o f  a longitudinal 
p rocess . H ow ever, interpretation  o f  pu tative  4 d ose-  
dependent effects is lim ited  by the relatively sm all number 
o f  s 4  hom ozygotes in the current participant sam ple.

The best explanation for the observed reduction in con ­
textual m em ory m ay be an 4-associated  relative d issocia ­
tion betw een  gist and verbatim  recall, w herein g ist is a type 
o f  context defined  as abstract representation o f  sem antic  
content. There is ev idence o f  intact recall o f  g ist inform a­
tion (for prose) in the norm al aging process (B.J. Sm all 
et al., 1999) and in A D  (Johnson et al., 2003). H ow ever, gist 
does not facilitate recall for A D  patients to the sam e degree  
as for older controls (cf. B udson et al., 2002  vs. Tun et al.,
1998). W e b e lieve  that g ist and nonsem antic contextual 
inform ation in general a lso  provide less  support during 
ep isod ic  learning tasks for older controls at genetic  risk o f  
A D  by possession  o f  the 4 a llele. M oreover, the variability  
in the existing literature on the effect o f  4  on learning  
am ong healthy  contro ls m ay b e largely  attributable to 
whether or not contextual learning paradigm s w ere used  
(cf. B ondi et al., 1995 vs. G.E. Sm ith et al., 1998). A ccord­
ingly  in our study, the A poE 4 a lle le  m ay have partially  
blocked the integration o f  gist (context) and veridical recall 
(content) for prose m aterial that is inherently contextual in 
nature, whereas learning o f  noncontextual material (i.e., non- 
categorical w ord lists and abstract designs) w as not a f­
fected  by the 4 a llele.

The interaction betw een  the 4 a lle le  and the patho­
gen esis  o f  A D  m ay help  exp lain  the h yp oth esized  d is­
connection betw een  gist and recall o f  story details. M ore 
specifically , the 4 effect on context-specific  m em ory m ight 
result from  a relationship betw een the a lle le  and exten sive  
dam age to the EC am ong m edial tem poral lobe structures 
that occurs relatively early in the A D  prodrome (Braak & 
Braak, 1991; de L eon et al., 2001; D e  Santi et al., 2001; 
G om ez-Isla et al., 1996; Hym an et al., 1984, 1986; K illiany  
et al., 2000 , 2002; Kordow er et al., 2001) and a m ore direct 
association  betw een  the A poE 4 a lle le  and EC pathology  
(G hebrem edhin et al., 1998; Juottonen et al., 1998). In ad­
dition, nascent findings on the functional role o f  the EC 
relative to the hippocam pus from  anim al paradigm s (Frank  
et al., 2000; Suzuki et al., 1997) and functional neuro­
im aging studies on hum ans (Fernandez et al., 1999; Haist 
et al., 2001) suggest that the EC m ay play a specialized  
role in learning and consolidating inform ation that can be 
organized based on prior learning. C onsequently, putative 

4-related dam age to the EC m ight interfere w ith the b i­
directional flow  o f  inform ation betw een  neocortical a sso ­
ciation cortex (fund o f  g ist-related  k n ow led ge) and the 
hippocam pus (item -specific  encoding and consolidation).

In addition to serving as a repository for contextual in ­
formation, frontal networks (i.e., the frontal lobes and fronto- 
cortical as w ell as fronto-subcortical pathw ays) in particular 
play an active role in integrating content w ith context dur­
ing encoding and retrieval p rocesses (G ilsky et al., 2001; 
Janow sky et al., 1989; Van Petten et al., 2000 ). Sim ilar to 
the effect o f  the 4 on contextual ep isod ic  learning, recent

data suggest that the 4 a lle le  a lso has an adverse im pact on 
frontally m ediated execu tive functions, such as working  
m em ory (Parasuraman et al., 2002; R osen et al., 2002). 
B olstering these behavioral findings, studies o f  resting g lu ­
co se  m etabolism  in older controls p ossessing  the 4 a lle le  
have indicated reduced m etabolic rate in sim ilar prefrontal 
and cingulate areas as observed in A D  (R eim an et al., 1996, 
2001; G.W. Sm all et al., 2000 ). Though interestingly when  
cogn itive processes are im aged in vivo, increased signal 
intensity has been  detected in frontal areas (B ookheim er  
et al., 2000 ) and am ong putative frontal connections (B ondi 
et al., 2003; C .D . Sm ith et al., 1999). A s these fM R I find­
ings w ere based on relatively  basic m easures o f  learning 
and recall, increased signal intensity in cortical areas b e­
yond the m edial tem poral lobes (M T L ) m ay be a b io log ica l 
correlate o f  behavioral com pensation  as a result o f  de­
graded M TL functioning. Yet because frontal netw orks also  
appear to be com prom ised by the presence o f  the 4 a lle le , 
recruitm ent o f  frontally m ediated com pensatory strategies 
m ay further com pound the effects o f  dam age to the EC. 
C onsequently , s4 -m ed ia ted  degradation o f  frontal n e t­
w orks (d iffuse accum ulation o f  neuritic plaques) and to the 
EC (focal deposition o f  plaques and neurofibrillary tangles) 
m ay have interacted in the present study to result in rela­
tive ly  defective integration o f  g ist (context) and veridical 
story recall and retention (content).

In conclusion , the presence o f  the A poE  4 a lle le  was 
associated  w ith decreased recall and retention o f  context- 
sp ecific  prose am ong healthy older participants at genetic  
risk for A lzheim er’s d isease. A lthough it is theoretically  
plausible that this effect is due to ex ten sive  and selective  
dam age to the EC early in the A D  prodrom e and exacer­
bated by m ore d iffuse dam age to frontal netw orks, verifi­
ca tion  w ith  p rosp ective  fo llo w -u p  data and fu n ction a l 
im aging (and other develop ing in vivo techniques) is still 
necessary. N onetheless, the current study m ay have clin ical 
applications esp ecia lly  as m ore is learned about the patho­
gen esis o f  A lzh eim er’s d isease and new  pharm acological 
interventions are designed  to arrest the d isease process as 
early in the prodrom e as possib le . Therefore it is important 
to understand the qualitative nature o f  progressive m em ory  
im pairm ent. For instance, m n em on ic  a ides such as re­
hearsal and repetition that are o f  lim ited  utility in A lzh e i­
m er cases w ould  be expected  to be helpful and at least 
partially restorative in this hypothetical preclinical stage 
(B ackm an & Sm all, 1998). A lthough contextual learning is 
less effic ien t in a hypothetical phase prior to extant m em ­
ory im pairment, con text-specific  m em ory is still intact and 
contextual m em ory aids (e .g ., sem antic or them atic cueing) 
w ould  be o f  expected  benefit. In addition, it rem ains to be 
determ ined i f  the reported effect o f  the 4 a lle le  on context- 
sp ecific  m em ory in healthy at-risk individuals is a lso re­
lated to the developm ent o f  objective m em ory im pairment 
and DAT conversion (see L ange et al., 2002). T hese and 
other related questions are being explored in the longitudi­
nal co g n itiv e  platform  o f  the N IM H  P rospective B IO ­
C A R D  Study.
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