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ABSTRACT

Specific reductions in hippocampal volume in nondemented elderly individuals with mild cognitive impairment
have been shown to correlate with future development of Alzheimer’s disease (AD). Hippocampal atrophy (HA) is
also correlated with cognitive impairments, leading to the promise of behavioral markers for early AD. Prior theo-
retical work has suggested that hippocampal dysfunction may selectively impair generalization involving novel
recombinations of familiar stimuli. In this study, nondemented elderly individuals were trained on a series of con-
current visual discriminations and were then tested for transfer when stimulus features were recombined in new
ways. Presence or absence of HA, revealed by neuroimaging, was not correlated with concurrent discrimination per-
formance; however, individuals with mild HA showed significant decreases in transfer performance relative to
nonatrophied participants. These preliminary results suggest that even very mild degrees of hippocampal atrophy
may be associated with subtle behavioral impairments. (J Geriatr Psychiatry Neurol 2002; 15:82-90).

Cognitive impairment, especially memory dysfunction,
occurs in the course of human aging and precedes the
development of Alzheimer’s disease (AD), a degenerative
neurologic illness.!? Older individuals with subjective
memory complaints frequently test within age-adjusted
means on standardized neuropsychological tests; how-
ever, recent studies have shown a correlation between
mild memory impairments and increased risk for devel-
oping AD.*-3

The hippocampus and associated structures within
the medial temporal lobe are critical substrates of mem-
ory formation,* and progressive hippocampal dysfunction
has been proposed as a possible neuroanatomic basis of
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AD.>" Neuroradiographic evidence for hippocampal for-
mation tissue loss has been observed in patients with mild
AD®**2 and in elderly individuals exhibiting cognitive
impairment suggestive of possible AD*-!%; further, the
hippocampal formation was the only temporal lobe sub-
volume sensitive to these small cognitive differences.®
In fact, for older adults with mild cognitive impairment,
hippocampal atrophy (HA) can predict whether an indi-
vidual with mild cognitive impairment is at short-term
risk of subsequently developing dementia.? Such early
prediction is critical, given that all existing AD therapies
work to arrest the progress of the disease rather than
reverse its effects.

Several previous studies with cognitively normal
older adults have shown that HA correlates significantly
with performance on memory tests,'?° although other
studies have found that hippocampal volume does not cor-
relate strongly with memory performance.??> Recall of
verbal information may be especially sensitive to hip-
pocampal volume.??* In one study considering nonde-
mented elderly individuals, HA was shown to predict
longitudinal decline on tests of delayed paragraph recall.?
Paragraph delayed recall (PDR) tasks are also particu-
larly sensitive to hippocampal region damage resulting
from other etiologies.* Therefore, it seems plausible that
other tasks that are also sensitive to hippocampal region
damage might similarly be disrupted in individuals with
mild HA, and such hippocampal-sensitive tasks might
be disrupted in early AD before more general cognitive
deficits are evident.



A large literature on animal models has suggested
that particular classes of memory task are especially sen-
sitive to hippocampal region damage. One theme that uni-
fies many of the hippocampal-sensitive tasks is the
trade-off between generalization and specificity. For
example, normal rats trained to choose the rewarded odor
from a pair of odors (e.g., A+B—, C+D—, etc.) would trans-
fer well to novel recombinations of familiar odors (e.g.,
A+D-, C+B-).2* However, animals with hippocampal
region dysfunction subsequent to fornix transection per-
formed at chance on these novel recombinations. This
effect has been interpreted as indicating that hip-
pocampal-lesioned animals overcompress odors: per-
ceiving an AB compound rather than its component
odors A and B; presentation of AD therefore represents
a novel compound rather than a recombination of famil-
iar components.?>? Humans with hippocampal region
damage are also often characterized as displaying a sim-
ilar “hyperspecificity”: they are able to retrieve studied
information when study and test conditions are identi-
cal but not when test conditions are varied.?”?® We there-
fore hypothesized that individuals with HA might show
a similar impairment when challenged to respond to
familiar cues in novel recombinations and that this
impairment might be evident before the appearance of
more generalized cognitive and memory deficits.

In the experiments presented here, nondemented
elderly participants were trained on a series of eight con-
current discriminations. Each discrimination pair con-
sisted of two objects that varied in color or shape but not
both. Thus, for each discrimination pair, one stimulus fea-
ture — color or shape — was relevant and one was irrel-
evant. For example, in one pair, a red triangle might be
rewarded but a yellow triangle might not; thus, color was
relevant but shape was irrelevant. Once the discrimi-
nation pairs were mastered, a transfer phase followed
in which the relevant features remained the same but
the irrelevant features were altered. For example, the
discrimination pair might now involve a red circle and
a yellow circle; the red object was still rewarded even
though its shape had changed.

We expected that individuals without HA would
learn associations involving the relevant stimulus fea-
tures but not the irrelevant features. In the example
above, this would mean learning to choose red over yel-
low, regardless of shape. In the transfer phase, these indi-
viduals should continue to perform well since the relevant
features remain the same. On the other hand, theoret-
ical work? and animal studies? predict that selective hip-
pocampal damage or dysfunction should impair the
ability to selectively learn about relevant features;
instead, individuals with HA should solve the discrimi-
nation task by learning about entire stimulus items —
for example, learning to prefer a red triangle over a yel-
low triangle. Such individuals should perceive the trans-
fer items red circle and yellow circle as novel and show
little or no transfer of prior learning. Thus, our predic-
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tion was that although individuals with mild HA might
perform well on the original discriminations, they would
show significantly less transfer than participants with-
out HA.

METHODS

Participants

Thirty-four individuals, including 16 females and 18
males, aged 45 to 80 years, participated in the current
study. Participants were recruited through the New York
University (NYU) Medical Center Aging and Dementia
Research Center, where they were given neuroradi-
ographic and neuropsychological workups as part of
ongoing clinical and research projects. To be eligible to
participate in the current study, participants were
required to be medically healthy. Exclusion criterion
included clinical or radiographic evidence for structural
or metabolic central nervous system abnormalities
(including cerebral infarction), more than borderline
hypertension (> 160/90 mm Hg), history of excessive
alcohol intake, or significant cardiovascular, rheumato-
logic, endocrinologic, hematologic, neoplastic, pulmonary,
or psychiatric disorders (including depression). Partici-
pants were also required to be native English speakers
and to be taking no medication affecting cognition. A fur-
ther inclusion criterion was nondemented status, as
revealed in clinical assessment (detailed below). Informed
consent was obtained from all participants prior to the
start of behavioral testing.

Neuroimaging

Each participant received magnetic resonance imaging
(MR), using a 1.5-T GE Advantage system (General
Electric, Milwaukee, Wisconsin). Diagnostic screening
was completed to identify and exclude participants with
MRI evidence of infarct, hydrocephalus, intracranial
mass, or moderate to severe white matter lesions.

Scans were obtained from a GE 1.5-T MRI scanner
using a three-dimension spoiled gradient recalled acqui-
sition (SPGR) sequence. Data were acquired in the coro-
nal plane, including using a T -weighted sequence: TR
35 ms, TE 9 ms, 60-degree flip angle, 256 X 128 acqui-
sition matrix, 1.3-mm section thickness, 18-cm field of
view, for a total acquisition time of 9 minutes. The SPGR
study provided data for reformatted (coronal, axial,
sagittal, and oblique) images.

For the purposes of qualitative HA ratings, 3-mm
axial reformats were created from the coronal SPGR
scan, parallel to the long axis of the hippocampus.
Detailed examination of two to four axial slices parallel
to the plane of the hippocampus was made by a highly
experienced observer (Dr. de Leon), who was blind to the
participant’s clinical status and behavioral performance.
Evidence of enlargement of the hippocampal fissures
(transverse, choroidal, and hippocampal) was subjec-
tively determined using a 4-point rating scale.®? Assess-
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Table 1. Breakdown of Neuroimaging Results
for the 18 Subjects in Group HA According to
HA Rating to the Left and Right Hippocampus

HA Rating
Right Side Left Side Number of Subjects
0 1 5
0 2 1
1 0 3
1 1 1
1 2 4
2 1 1
2 2 2
3 3 1

HA = hippocampal atrophy.

ments ranged from rating of 0 = no atrophy through 1 =
questionable or mild atrophy, 2 = mild to moderate atro-
phy, and 3 = moderate to severe atrophy. Such subjective
evaluation of scans has proven to be highly correlated
with objective (quantitative) volumetric measures.!®?°

Normally, ratings of 2 and higher are considered to
indicate definite evidence of hippocampal atrophy and
risk for subsequent cognitive decline and AD risk. In the
current study, however, we were primarily concerned with
elderly individuals who show minimal evidence of cog-
nitive decline and correspondingly little evidence of HA.
Accordingly, for the purposes of the current analysis, par-
ticipants were assigned to the no HA group if there was
no evidence of any HA (rating = 0 bilaterally); they were
assigned to the HA group if there was at least some evi-
dence of HA (rating > 0 on at least one side). Thus, our
definition of HA includes even very mild degrees of atro-
phy, which would not normally be considered signifi-
cant to indicate risk of cognitive decline.

According to this measure, 18 participants were
determined to have at least questionable or mild HA,
whereas 16 participants had no visible evidence of HA.
Table 1 summarizes these findings. Within the HA group,
there were more participants with atrophy on the left
than the right side; 9 subjects received a rating of at least
2 on at least one hippocampus.

Clinical and Neuropsychological Assessment

All participants were assessed for cognitive impairments
using the Global Deterioration Scale (GDS),*® which
ranks individuals according to a 7-point scale. The GDS
1 rating is given to an individual with no memory impair-
ment. The GDS 2 rating is given to an individual who is
functionally unimpaired but with subjective complaints
of mild forgetfulness that is not recognized by family
members or coworkers and for which there is no clini-
cal evidence. The GDS 3 rating is given to an individual
with subtle functional deficits and mild cognitive impair-
ment, revealed with extensive clinical interview. Whereas
GDS 3 rating does not indicate dementia, individuals with
GDS 3 ratings are at heightened risk to subsequently

develop AD, compared with individuals given GDS rat-
ings of 1 and 2.® Global Deterioration Scale ratings of
4 and higher indicate dementia with increasingly severe
cognitive and functional impairments; GDS 4 is often con-
sidered indicative of mild AD.

To be included in the current study, individuals were
required to have ratings of GDS 3 or lower, indicative of
nondemented clinical status. Overall, participants in
the current study had an average GDS rating of 2.25 (SD
=0.43).

In addition to GDS rating, all participants were
administered the PDR component of the NYU Para-
graph Recall Test (derived from the Guild Memory
Test?%2), In this test, the experimenter reads a brief
paragraph and immediately asks the participant to
repeat as much of the content as possible. The paragraph
is then read a second time, followed by a delay of 5 to 10
minutes during which other tasks are administered.
Finally, the participant is again asked to recall as much
content as possible. Participants are given a PDR score
reflecting how many elements are recalled verbatim,
averaged over two paragraphs (maximum score = 21.5).

This test has been shown to be sensitive to the
effects of aging, mild cognitive impairment (MCI), and
early AD.»%34 Additionally, the PDR score has been
shown to be correlated with medial temporal lobe (espe-
cially hippocampal) size, revealed through neuroimag-
ing in nondemented elderly.'”!8 For example, Golomb et
al'” found that a sample of nondemented (GDS 1-2)
elderly subjects (mean age = 67.9 years) with no HA
received an average PDR score of 10.5, whereas a simi-
lar group of nondemented individuals with HA aver-
aged 8.08. Thus, poor PDR scores correlated with HA.
Additionally, PDR score has been used to classify which
individuals among a group of nondemented elderly will
or will not show subsequent cognitive decline, particu-
larly from MCI to AD.? Participants in the current study
received an average score of 8.07 on this test (SD = 0.51,
range 2—12).

Additionally, most participants were given the Fin-
ger Tapping Test,?% a test of manual dexterity and
gross motor speed that may also be predictive of daily
living skills in elderly patients with possible dementia.
It involves five 10-second trials with each hand. Born-
stein®” provides normative data for individuals aged 60
to 69 years with at least a grade 12 education: for males,
a score of 43.0 (SD = 4.7) with the dominant hand and
39.3 (SD = 6.2) with the nondominant hand; for females,
35.2 (SD = 6.0) with the dominant hand and 32.0 (SD =
4.9) with the nondominant hand. In the current study,
scores were averaged across the two hands; male par-
ticipants received an average score of 39.7 (range =
27.7-52.1), whereas female participants averaged 31.62
(range = 15.5-40.9).

Summary demographic, clinical, and neuropsycho-
logical data for the HA and no HA groups are given in
Table 2. There were more males than females in the



Table 2. Summary of Demographic, Clinical, and
Neuropsychological Profile for the HA and No HA Groups

HA Group (n = 16) No HA Group (n = 18)

Gender 5 female, 13 male 11 female, 5 male
Age (yr) 70.60 (9.26) 65.56 (9.61)
GDS rating 2.22(0.43) 2.25 (0.45)
PDR score 8.17 (3.35) 797 (2.59)
Finger tapping 36.99 (7.80) 31.64 (7.50)

Standard deviations given in parentheses.
HA = hippocampal atrophy; GDS = Global Deterioration Scale; PDR = paragraph
delayed recall.

HA group, whereas the reverse was true for the no HA
group; this was a significant difference in gender dis-
tribution (Yates’s corrected x? test: x2=5.71,df =1, P <
.05). Otherwise, there were no significant differences
between the HA and no HA groups in age (independent-
samples ¢-test; £(32) = 1.39, P > .05), GDS rating (¢£(32)
=0.19, P > .05), or PDR score (£(32) = 0.19, P > .05). On
the finger tapping measure, which is generally sensitive
to subject gender, there was no significant difference
between the HA and the no HA group, analysis of vari-
ance (ANOVA): F(1, 16) = 0.27, P > .5, no effect of sub-
ject gender, F(1, 16) = 2.36, P = .144, and no group—gender
interaction, F(1, 16) = 0.01, P > .5.

Behavioral Task

Apparatus

Behavioral experiments were automated on a Macin-
tosh LC, Powerbook, or equivalent computer, with a color
screen, programmed in the SuperCard language (Allegiant
Technologies, San Diego, CA). Testing took place in a
quiet room, with the participant seated in front of the com-
puter at a comfortable viewing distance. The keyboard was
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masked except for two keys, labeled “LEFT” and “RIGHT,”
which the participant could press to record a response.

Stimuli

Phase 1 of the experiment was a concurrent discrimi-
nation. Stimuli consisted of 16 colored shapes, orga-
nized into the eight discrimination pairs shown in Figure
1. Four of the pairs (C1-C4) differed in color (relevant
feature) but not in shape (irrelevant feature); four pairs
(S1-S4) differed in shape (relevant feature) but not in
color (irrelevant feature). Within each discrimination
pair, one stimulus was designated as rewarded (+) and
one was designated as nonrewarded (). Assignments of
particular color, shape, and reward to discrimination
pairs were made according to a pseudorandom procedure
but were held constant across the experiment. Both
color and shape features were selected to be highly dis-
tinguishable within and across stimulus pairs. Each
stimulus appeared to be about 2.5 ¢cm square on the
computer screen, with approximately 7.5 cm between
members of a discrimination pair.

Phase 2 of the experiment was a transfer test. Stim-
uli consisted of 16 colored shapes, which were recombi-
nations of the shape and color features in phase 1. Each
of the eight discrimination pairs was organized around
the same relevant features as in phase 1; only the irrel-
evant features were changed. Thus, whereas C1 was a
red/gold discrimination (shape irrelevant), C1-T was
also a red/gold discrimination but with different shapes.
Similarly, whereas S1 was a shape discrimination (color
irrelevant), S1-T involved the same shape discrimina-
tion but different colors. The features that were rewarded
in phase 1 were also rewarded in phase 2. Thus, a set of
response rules that emphasized the relevant features in
phase 1 would perfectly predict the rewarded stimuli in
phase 2. Alternatively, a set of response rules that empha-

Rewarded Unrewarded Rewarded Unrewarded
Stimulus Stimulus Stimulus Stimulus
C1 ° Vs S1 ’ V§ n
Figure 1. Stimuli used in phase 1 included
(red) (gold) (brown) (brown) eight discrimination pairs, S1-S4 and
C1-C4. Each S1-S4 pair had two objects
that differed in shape but not color. Each
C2 VS S2 VS C1-C4 pair had two objects that differed in
color but not shape. One object in each
(purple) (green) (lime) (lime) discrimination pair was arbitrarily desig-
nated as rewarded (+) and one as nonre-
warded (-). No individual color or shape
03 VS 83 x VS I appeared in more than one discrimination
pair in phase 1. Phase 2 stimuli were con-
(cyan) (peach) (blue) (blue) structed from the phase 1 discrimination
pairs by swapping irrelevant features.
C4 ' ' Vs S4 VS
(magenta) (black) (gray) (gray)
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A B

Start of Trial Start of Trial

Figure 2. A, Screen events on a sample
trial of phase 1. Top: On each trial, the dis-
crimination pair is presented in either left-
right order and a prompt appears. Bottom:

Which object is the smiley face under?
Use “Left” or “Right” key to choose.

Which object is the smiley face under?
Use “Left” or “Right” key to choose.

If the participant responds correctly (in this
case, choosing the mushroom shape), the
chosen object is raised to reveal a smiley

Subject responds comectly

Subject responds comectly

face icon underneath. B, Screen events on
a sample trial of phase 2: events are simi-
lar to phase 1, but the objects are changed

= o

so that the relevant dimension (here the
shape) is the same, whereas the irrelevant
dimension (here the color approximated by
grayscale) is novel.

©

sized the entire stimulus (including relevant and irrel-
evant features) in phase 1 would not transfer well to the
new feature recombinations in phase 2.

Procedure

At the start of the experiment, the following instructions
appeared on the screen: “Welcome to the experiment. You
will see pairs of objects. Each time, there is a smiley face
hidden under one of the two objects. It looks like this: J.
Find as many as you can.” The experimenter read these
instructions aloud and then clicked the computer mouse
button to begin phase 1 of the experiment.

On each trial of phase 1, participants saw one of the
discrimination pairs shown in Figure 1. Trials were orga-
nized into blocks, each containing 16 trials: one pre-
sentation of each discrimination pair in each possible
left-right ordering. Trials in a block occurred in a
pseudorandom but fixed order. Figure 2A shows screen
events in a typical trial. Below the stimuli, a prompt
appeared: “Which object is the smiley face under? Use
the “LEFT” or “RIGHT” key to choose.” Participants
then responded by pressing one of the two labeled keys.
The selected stimulus then rose 2.5 cm on the screen.
If it was the rewarded stimulus, a smiley face icon was
revealed underneath and displayed for approximately
1 second. The object then returned to its original posi-
tion, obscuring the smiley face icon below. The objects
were then removed and a new trial initiated. There was
no limit on response time. Phase 1 continued until the
participant completed 16 consecutive trials correctly or
for a maximum of 96 trials (6 blocks).

As soon as phase 1 terminated, phase 2 began with-
out any warning that task demands had shifted. The
screen events were identical to phase 1 (Figure 2B)
except that the discrimination pairs were altered as
described above. Again, trials were organized into blocks
of 16 trials, one with each discrimination pair in each pos-

sible left-right ordering, in a pseudorandom but fixed
order. Phase 2 continued until the participant completed
16 consecutive trials correctly or to a maximum of 48 tri-
als (3 blocks).

The entire procedure, including phase 1 and phase
2, took approximately 15 to 20 minutes to complete.

Data Collection

On each trial, the computer recorded the discrimination
pair, its left-right ordering, the desired response, and the
participant’s response. For both phases, the total trials
to criterion were recorded. This total did not include
the final 16 consecutive correct trials. Additionally, the
total errors in each phase were recorded.

RESULTS

Concurrent Discrimination (Phase 1)

Overall, most participants finished phase 1 within the
96 trial maximum. Three participants in group HA failed
to reach the performance criterion in phase 1, respond-
ing at or near chance levels even in the final block of
16 trials. Four participants in the no HA group also
failed to reach the performance criterion in phase 1, but
all were making 15 of 16 correct responses by the final
block. Figure 3A shows the mean total errors for each
group in phase 1. An ANOVA with phase 1 errors as the
dependent variable revealed no significant difference in
phase 1 performance between the HA and no HA groups,
F(1, 28) = 0.66, P = .424, with no effects of subject gen-
der, F(1,28) = 0.02, P > .5; age, F(1, 28) = 0.74, P = .397;
PDR score, F(1, 28) = 1.20, P = .28; or GDS rating,
F(1,28)=0.23,P > 5.

There was no significant difference in learning to the
color versus shape discriminations in terms of percent
errors on each kind of discrimination (repeated-mea-
sures ¢-test, £#(33) = 0.79, P = .434).
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A, Performance on the concurrent discrimination task (phase 1) did not differ in the hippocampal atrophy (HA) and no HA

groups. B, The HA group averaged significantly more errors on the transfer task (phase 2). C, In phase 2, there was also an effect of
Global Deterioration Scale (GDS) rating, with GDS 2 participants averaging more errors than GDS 3 participants. D, Both male and
female subjects showed a similar effect of HA. Dots represent individual subject scores.

Transfer Task (Phase 2)
One of the participants in the no HA group was inter-
rupted before finishing phase 2; his phase 2 data were
discarded. Phase 2 data from the three HA subjects who
failed to reach criterion performance in phase 1 were like-
wise excluded from phase 2 analysis.

Among the remaining subjects, two subjects in group
HA failed to reach criterion performance in phase 2.
Figure 3B shows that mean phase 2 errors were higher
in the HA than in the no HA participants; an ANOVA with
phase 1 errors as the dependent variable confirmed a sig-
nificant effect of group, F(1, 23) = 13.67, P = .001, with
no effect of subject gender, F(1, 23) = 0.85, P = .366; age,
F(1,23)=0.19, P > .5; PDR score, F(1, 23) = 1.53, P = .229;
or phase 1 performance in terms of total errors, F(1, 23)
=1.85, P = .187; there was a significant effect of GDS rat-

ing, F(1, 23) = 5.39, P = .030, as shown in Figure 3C, with
GDS 2 participants outperforming GDS 3 participants
in both the HA and the no HA groups.

Although the ANOVA revealed no significant gender
effect on phase 2 performance, it is notable that the HA
group was disproportionately male, whereas the no HA
group was disproportionately female; accordingly, gen-
der imbalance could have contributed to the group dif-
ferences. Figure 3D shows, however, that the males and
females in the HA and no HA groups both showed the
same general pattern of performance, with the no HA sub-
jects making fewer errors than the HA subjects.

Considering the subset of HA participants who had
an atrophy rating of at least 2 on at least one hip-
pocampus (n = 5), there continues to be a significant dif-
ference in phase 2 errors in this HA group compared with
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the 16 participants who had no visible atrophy to either
hippocampus, ANOVA: F(1, 19) = 4.64, P = .044; no
other variables (gender, age, PDR score, GDS rating,
phase 1 performance) had statistically significant effects
(all P > .05).

DISCUSSION

The current study showed that performance on a simple
transfer task was disrupted in nondemented elderly par-
ticipants with very small degrees of HA. By contrast,
participants with and without HA performed equiva-
lently on an eight-pair concurrent visual discrimination.
Overall, participants without HA were generally able to
transfer well when familiar stimuli or stimulus features
were presented in novel recombinations. Participants
with very mild HA were less able to transfer information
to the novel recombinations. This pattern is consistent
with prior animal and theoretical work suggesting that
the hippocampus (and related medial temporal struc-
tures) is critical in forming stimulus representations
that emphasize relevant stimulus features and de-empha-
size irrelevant stimulus features.?*?® Thus, hippocam-
pal damage (including HA) may result in stimulus
overcompression, or hyperspecificity, meaning that learned
associations do not generalize well when familiar items
are presented in novel recombinations.

There was no significant effect of subject age on
either the original concurrent discrimination or the
transfer task, although subjects with MCI (GDS 3)
showed a tendency to make more errors than subjects
with no objective evidence of cognitive impairment (GDS
2). Although age is often correlated with both hippocampal
atrophy and cognitive impairment,'? age did not appear
to be a critical factor in the present study.

Similarly, there was no significant correlation
between memory ability, as indexed by PDR score, and
either discrimination or transfer performance. Likewise,
there was no difference in PDR score between the HA and
the no HA groups in the current study. Golomb et al'” have
shown that PDR score is highly correlated with HA rat-
ing; however, in that study, HA was defined as the pres-
ence of definite atrophy (rating = 2 or higher) in at least
one hippocampus. Thus, Golomb et al’s participants gen-
erally had greater degrees of HA than many of the par-
ticipants classified as HA in the current study, which only
required a rating of HA > 0. Since the PDR alone did not
successfully distinguish individuals with and without
mild HA in the current study, one possibility is that the
transfer task is a more sensitive indicator of very mild
HA, whereas the PDR score may be more useful in iden-
tifying individuals with more advanced HA than the
participants in the current study. Further studies with
a larger population size are clearly indicated to exam-
ine this issue further.

It is important to iterate that the individuals com-
prising the HA group in this study had minimal levels

of HA. In many studies, a qualitative HA rating of 1 is
considered to be only very mild or questionable atrophy,
whereas a rating of 2 or higher is required for the indi-
vidual to be judged as having definite atrophy. How-
ever, even restricting the HA group to those subjects
with a rating of at least 2 on at least one hippocampus,
there was still a significant difference between the HA
and the no HA participants on phase 2 performance.

Conversely, ratings of hippocampal atrophy were
made simultaneously for the left and right hippocampi.
This leaves open the possibility that if both hippocampi
were mildly atrophied, the degree of atrophy would be
difficult to determine. However, even if the subjects
rated as “nonatrophied” in the current study did, indeed,
have very mild degrees of atrophy, they were still sig-
nificantly less impaired on phase 2 than subjects with
more visible atrophy. In either case, based on the current
results, the transfer task seems sensitive to very mild
HA before behavioral abnormalities would show up in
more general performance in daily living; this is con-
sistent with the nondemented (GDS 2-3) ranking of the
participants.

One important limitation of the current work is the
relatively small sample size. In addition, the partici-
pants were all individuals who presented themselves at
the NYU Aging and Dementia Research Center and
agreed to participate as volunteers. They were generally
well educated, highly motivated, and informed about
AD and memory function. This is probably less true of
the elderly community at large, so any generalizations
from this population must be made with caution. Addi-
tionally, there was a gender imbalance in our study: the
HA group was predominantly male, whereas the no HA
group was predominantly female. Both the current
results (Figure 3D) and our recent normative study in
175 healthy individuals (Myers C, Houk V, Berlapsch K,
et al. Age effects in concurrent discrimination learning.
[In preparation]) revealed no significant difference
between male and female subjects. However, future work
will need to be done to establish the robustness of the find-
ing that very mild HA disrupts the transfer test, across
a larger cross-section of the elderly population, in both
males and females.

Another important limitation of the current work
is the use of qualitative atrophy assessments rather
than volumetric measurements of the hippocampus.
Previous studies have shown that HA ratings correlate
well with hippocampal volume assessed through quan-
titative MRI'*?°; however, quantitive assessment would
allow direct calculation of hippocampal volume nor-
malized with respect to head volume. Additionally, the
mere presence of HA says little about what other brain
regions may be atrophied or dysfunctional. For exam-
ple, recent studies have demonstrated that prefrontal
damage can disrupt performance on tasks that involve
a shift among relevant stimulus dimensions.?® Although
there was no a priori reason to expect frontal damage



in the current subject population, this was not explic-
itly ruled out radiographically. Other brain areas such
as the amygdala, important for registration of rein-
forcement, and the entorhinal cortex, implicated in
early AD, may also be involved in the current task;
damage to the fornix, which causes impairments in ani-
mals given a related task, may likewise be sufficient to
disrupt performance in humans. Age-, injury-, or disease-
associated damage to any or all of these structures may
contribute to (or even cause) poor task performance.
Future work should include assessment of frontal vol-
umes, as well as other medial temporal structures such
as the entorhinal cortex, to determine the specificity of
HA in causing the observed pattern of behavior. In ongo-
ing studies, we are considering the performance on this
task of various patient populations including medial tem-
poral amnesics, basal forebrain amnesics, and patients
with prefrontal damage. Based solely on the current find-
ings, though, it appears that HA correlates with impaired
transfer performance, but it is unclear whether HA is
truly causative.

Most individuals rated as GDS 2 are not considered
at risk to develop AD within the time frame of a few years;
individuals rated as GDS 3 have a relatively higher risk
of declining to AD.'32339 On the other hand, HA is known
to correlate with increased risk for subsequent cognitive
decline and AD.? Another open question is therefore
whether the transfer task can be used to predict HA and
therefore to predict risk of subsequent AD. An important
future direction is to track the HA participants in this
study and determine which, if any, show cognitive decline
over the next several years. The outcome of such a lon-
gitudinal study could demonstrate whether the transfer
test is predictive of AD risk. If so, this form of transfer
test may have some utility as a general screening tool
to identify individuals with possible HA; subsequent
neuroradiographic, neuropsychological, and/or neuro-
chemical investigation may then be warranted to verify
HA and risk for decline to AD.
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