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Article abstract—Objective: To use longitudinally acquired data to establish whether aging is associated with memory
decline. Background: Memory loss is one of the most frequent complaints among the elderly. Nevertheless, age-related
memory decline remains controversial in large part because it has been established with cross-sectional studies. Methods:
A total of 212 community-based healthy people were followed prospectively and evaluated annually with a neuropsycho-
logical battery testing memory and other cognitive domains. To control for the learning effect—the improvement in test
performance associated with repeated exposure—longitudinal performance was compared between two age groups. Re-
sults: The older age group displayed a relative decline in memory performance with time. In contrast to memory, a relative
age-related decline was not observed in tests of language, visuospatial ability, and abstract reasoning. Furthermore,
within the memory domain, age-related decline was restricted to a specific aspect of memory, manifesting only in a
measure sensitive to the acquisition and early retrieval of new information, and not in a measure of memory retention.
This profile of age-related cognitive decline anatomically localizes to the hippocampal formation. Conclusion: This study
establishes age-related memory decline using longitudinal data, and shows that this decline does not occur diffusely across
multiple cognitive domains. Both early AD as well as non-AD processes likely contribute to age-related memory decline,
and continued follow-up may reveal distinguishing features between these two.
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Formal investigations of memory and aging began
over 40 years ago,1 and since then numerous studies
have attempted to document the existence of age-
related memory decline, characterize its clinical pre-
sentation, and propose possible etiologies (see Craik
et al.2 for review). Nevertheless, and despite memory
decline being one of the most common neurologic
complaints among the elderly, age-related memory
decline remains controversial.3 One source of contro-
versy concerns the choice of reference in categorizing
an elderly person as having memory decline. Most
studies have used cross-sectional comparisons. For ex-
ample, a work group of the National Institute for Men-
tal Health have proposed criteria for “age-associated
memory impairment,”4 where the reference used was
the mean performance of younger people on memory
tests. In contrast, Blackford and La Rue5 proposed
norms established with elderly people to define “late-
life forgetfulness.” More recently, Smith et al.6 have
developed more extensive normative data for elderly
people, and use these norms as a reference for “mild
cognitive impairment.”

There remain lingering concerns about cross-
sectional findings because of the sensitivity of
memory tests to demographic differences.7 Although
an attempt can be made to control for some differ-
ences among cohorts of varying ages, the effect of
generational differences—such as unequal levels ed-

ucation and exposure to different environmental
stimuli—cannot be accounted for. Furthermore, an
elderly person whose memory performance is less
than a group norm would be categorized as having
memory decline, even if longitudinal follow-up
showed that this person had stable memory over
time.8 Thus, longitudinal analysis is a more direct
method for documenting memory decline.8,9

Administering a memory test multiple times, as
would be required for longitudinal analysis, results in
improving memory performance.9,10 This occurs even if
test items are changed, and therefore this effect is
likely caused by the implicit learning of test-taking
skills. This learning effect can obscure an underlying
decline in explicit, or declarative, memory ability. In
fact, only a few studies11,12 have succeeded in docu-
menting memory decline longitudinally, requiring in-
frequent follow-up over long periods.

In this study, we attempt to demonstrate age-
related memory decline by comparing longitudinal
memory performance between two age groups, using
prospectively acquired data. Based on the assumption
that the learning effect does not change across differ-
ent age groups,9,10 the underlying hypothesis is that
differences that emerge in longitudinal memory perfor-
mance result from differences in declarative memory.

Methods. Subjects. Subjects were drawn from the
Washington Heights Inwood Aging Project. This is a
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community-based random sample of elderly people who
reside in a single community in northern Manhattan.
Enrolled subjects are followed prospectively and receive
annual medical, neurologic, and neuropsychological evalu-
ations. Data from these evaluations are presented at a
consensus conference made up of neurologists and neuro-
psychologists and are used determine those subjects who
fulfill Diagnostic and Statistical Manual of Mental Disor-
ders, 4th ed. (DSM-IV)13 criteria for dementia, and those
who have cognitive impairment but no dementia (assigned
to subjects whose cognitive impairment is not sufficiently
extensive, or who do not have associated decline in their
functional ability14).

For this study, people diagnosed with dementia or cog-
nitive impairment without dementia, at any time point,
were excluded. Likewise, subjects with a history of stroke,
PD, or depression were excluded. From the remaining 539
people, only those with four completed evaluations were
considered for this study. A total of 212 subjects, ranging
from 60 to 93 years of age, fulfilled these exclusionary and
inclusionary criteria.

Neuropsychological testing. All subjects underwent
neuropsychological testing of multiple domains. Orienta-
tion was evaluated using items from the modified Mini-
Mental State Examination.15 Language was evaluated
using the Boston Naming Test,16 the Controlled Word As-
sociation test,17 category naming, the Complex Ideational
Material Subtest of the Boston Diagnostic Aphasia Evalu-
ation (BDAE),18 and the BDAE repetition of phrases.18 Ab-
stract reasoning was evaluated using Wechsler Adult
Intelligence Scale–Revised similarities,19 and the nonver-
bal similarities subtest of the Mattis Dementia Rating
Scale.15 Visuospatial ability was evaluated using the Rosen
Drawing Test20 and a matching version of the Benton Vi-
sual Retention Test.21 Memory was evaluated using a
multiple-choice version of the Benton Visual Retention
Test21 and the Selective Reminding Test (SRT).22

The SRT22 was developed to assess the acquisition, re-
tention, and retrieval of a list of words. The initial stimu-
lus presentation consists of 12 words read aloud that the
subject is asked to recall. Subsequent presentations consist
of only those words that the subject omitted from the pre-
vious trial, and the subject is asked to recall the entire list.
The procedure is repeated for six consecutive trials. De-
layed recall is assessed after a 15-minute delay. Three
performance scores, based on performance in the first six
trials, were initially developed to distinguish between ac-
quisition and retrieval. These scores have been found to be
highly intercorrelated23 and likely measure a similar pro-
cess that relates to the acquisition and early retrieval of
new words. For this study, we used the total recall score.
The score is the total items the subject recalled across all
six trials. Memory retention was assessed by determining
the ratio of words recalled after the 15-minute delay to the
number of words recalled on the sixth trial.

Statistical analysis. Longitudinal data from these
tests were analyzed using Generalized Estimated Equa-
tions (GEE).24 GEE is based on regression models that do
not require outcome measures to be independent of each
other (in this case, the repeated neuropsychological test
scores), and it does not require that these measures have a
gaussian distribution. GEE uses the correlations among
outcome measures to improve statistical power. For this

study, GEE analyses were performed to assess for differ-
ences in longitudinal performance among different age
groups, and the main variables were age group, time, and
age group 3 time. Preliminary analyses showed that
results did not differ whether time was included as a con-
tinuous or a categorical variable. All final analyses in-
cluded time as a continuous variable. An “exchangeable”
working correlation structure was used. This structure as-
sumes that changes between different interval years are
equivalent.

The following were evaluated for inclusion as covari-
ates: ethnicity, gender, education (dichotomized by median
years of education), and the interactions of ethnicity, gen-
der, and education with time. Because of the regression to
the mean effect associated with repeated testing, “baseline
score” (dichotomized by median performance score at base-
line) and the interaction of baseline score with time were
also evaluated as covariates. For each GEE analysis, we
included all six of the covariates into the initial model, and
then trimmed back the model, retaining only those covari-
ates that significantly contributed.

Regression coefficients from these GEE analyses repre-
sent associations between a neuropsychological score and
variables included in the model. A significant age group
effect indicates a difference between two groups at the
baseline evaluation, with a positive regression coefficient
indicating that the younger group had greater scores than
the older group. A significant time effect indicates a
change of test scores over time, with a positive regression
coefficient indicating improving scores for the younger
group. If the age group 3 time effect is smaller than the
time effect, this indicates that both age groups had improv-
ing scores over time. Because the aim of this study was to
evaluate longitudinal performance, the most important
variable under consideration is the age group 3 time inter-
action effect. A significant age group 3 time regression
coefficient indicates that the change in scores over time is
different for the two age groups. A negative regression
coefficient indicates that the older group has a relative
decline compared with the younger group.

Driven by the primary hypothesis of this study, the first
GEE analysis was performed for the total recall scores of
the SRT. Subsequent analyses were then performed using
measures of other cognitive domains.

Results. Subjects were initially stratified into three age
groups: younger than 70, 70 to 79, and older than 80 years.
A preliminary GEE analysis showed that there was no age
group 3 time interaction between 70- and 80-year-olds
(b 5 0.11; p 5 0.74), and the age groups were therefore
collapsed from three to two—subjects younger than 70
years of age, and subjects 70 years of age and older. Table
1 presents the demographics of the two age groups, and
aside from mean age, the two groups did not significantly
differ from each other across these variables.

The first set of GEE analyses was performed to assess
longitudinal memory performance between the two age
groups using total recall and retention scores of the SRT as
the dependent variables. For the total recall scores, there
was a significant age-group effect (b 5 22.0, p 5 0.016)
and a significant time effect (b 5 0.71; p 5 0.001). Further-
more, there was a significant negative age group 3 time
interaction (b 5 20.44; p 5 0.039). This indicates that the
older group had a relative decline in total recall scores
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compared with the younger group. These results are pre-
sented graphically in figure 1. For memory retention, a
significant time effect (b 5 0.02, p 5 0.003) but no signifi-
cant age group 3 time interaction was found, indicating
that both age groups improved in a parallel fashion.

A second set of GEE analyses was performed to assess
for relative decline in other cognitive domains. Scores of
other neuropsychological tests were used as the dependent
measures, and the same independent measures were used.
The results are summarized in table 2. Although most
groups had a positive time effect, showing a learning ef-
fect, no score was found to have a significant age group 3
time effect. These results are exemplified with the Boston
Naming Test, as shown in figure 2.

Discussion. Following a single cohort over time is
a powerful design for demonstrating a suspected age-
related change in cognition. The advantages of longi-
tudinal analysis, however, are obscured if the act of
multiple testing influences the dependent measure of
interest. For tests of declarative memory such as the
SRT used in this study, the observed longitudinal
performance is a composite of two processes—
changes in ability to acquire and retrieve a set of
words at a given time point, and changes in test-
taking skills acquired through previous testing.
Consistent with other studies suggesting the preser-
vation of the learning effect with aging,9,10 we found
that for most tests both age groups had similar im-
provement in performance with repeated testing (see
figure 2). This suggests that all subjects retained the
ability to acquire test-taking skills, and that the rela-
tive decline found in longitudinal memory performance
observed in the older age group cannot be explained by
an age-related decline in procedural learning. Compar-
ing longitudinal data cross-sectionally effectively con-

Table 1 Characteristics of the two age groups used for analysis

Younger group Older group

No. of subjects 91 121

Mean age, y (range) 66.1 (60–69) 75.7 (70–93)

Sex, % female 62.6 72.7

Ethnicity, % nonminority white 54.2 55.1

Mean years of education 11.0 10.7

Figure 1. Change in memory performance over time for
the two age groups. Memory was evaluated repeatedly us-
ing the Selective Reminding Test. The circles represent the
younger age group (60 to 69 years of age); the triangles
represent the older age group (70 to 93 years of age). The
older age group showed a relative decline in memory
performance.

Table 2 Summary of results comparing longitudinal performance between both age groups across multiple cognitive domains*

Cognitive domain Neuropsychological test

Independent variables

Age group Time Age group 3 time

Memory

Encoding Total recall of the SRT 22.0† 0.71‡ 20.44†

Retention Delayed retention of the SRT 20.03 0.02‡ 20.01

Language Boston Naming Test 20.25 0.12‡ 20.03

Controlled word association task 20.13 0.20† 20.05

Letter and Category Fluency 20.49 0.17 20.05

BDAE Sentence Repetition 20.02 0.08 0.02

BDAE Auditory Comprehension 0.04 0.04‡ 20.05

Visuospatial Benton Visual Retention (matching) 20.29‡ 0.04 0.00

Rosen Drawing Test 20.26† 0.16† 20.03

Abstract Wechsler Adult Intelligence Scale–Revised similarities 20.54† 20.04 20.03

Reasoning Identities and Oddities from Mattis Dementia Rating Scale 20.14 0.26‡ 20.07

* Each analysis was adjusted for contributing covariates. Values are given as regression coefficients.
† p # 0.05.
‡ p # 0.01.

BDAE 5 Boston Diagnostic Aphasia Evaluation; SRT 5 Selective Reminding Test.
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trolled for the learning effect, and the described dif-
ference results from an age-related memory decline.
This finding should address lingering doubts regarding
the existence of age-related memory decline.

A second finding of this study is that across cogni-
tive domains, age-related decline is specific to
memory function. In contrast to memory, a relative
age-related decline was not observed in five tests of
language, two tests of visuospatial ability, and two
tests of abstract reasoning. Furthermore, within the
memory domain, we found that age-related decline
was restricted to a specific aspect of memory. Thus,
age-related memory decline manifested only in a
measure that is most sensitive to the acquisition and
early retrieval of new information, and not in a mea-
sure of memory retention. A limitation of this study
was that we did not administer a test of working
memory, which has been shown to also undergo age-
related decline.25

These findings demonstrate that decline in
higher-order functions are not diffuse, but selectively
involve memory ability. The ability to acquire new
information, and to retrieve this information shortly
postacquisition, requires an intact hippocampal for-
mation.26 Deficits in the SRT have been described in
patients with selective hippocampal lesions,27 and it
has been postulated that age-related memory decline
localizes to this structure.28 There is an extensive
body of literature documenting changes in the hip-
pocampal formation that occur in an age-dependent
fashion,28,29 and these are invoked to explain memory
decline in aging animals.

Is age-related memory decline a normal occur-
rence—does it represent physiologic senescence—or
does it represent a pathologic state? Because of a
bimodal distribution of memory scores in aging ani-

mals and humans,30 where many aged individuals
perform as well as younger control subjects,
age-related memory decline is thought not to be an
inevitable consequence of aging. What, therefore, are
possible underlying etiologies? The first brain
structure to be targeted by AD is the hippocampal
formation,31 and correspondingly, prospective studies
have found that memory deficits are the first signs of
AD.32,33 It is likely, therefore, that early AD is one
contributing etiology of age-related memory decline.
Non-AD processes should likewise be considered as
potential contributors to age-related memory decline.
There are a number of physiologic processes that
change in humans in an age-dependent manner,34,35

some of which have been found to target the
hippocampal formation and result in memory
impairment.36-38 Although it possible that some of
these processes may interact with AD, recent post-
mortem studies have found age-dependent loss in
specific hippocampal subregions among brains that
were free from AD pathology.39,40

This study establishes the existence of age-related
memory decline using longitudinal data and shows
that this decline does not occur diffusely across mul-
tiple cognitive domains. Furthermore, age-related
memory decline is differentially expressed in mea-
sures that are hippocampal dependent. Both early
AD and non-AD processes likely contribute to this
memory decline, although it is difficult to dissociate
these potential causes. By continuing to follow these
subjects prospectively, we hope to determine the
incidence of AD, and retrospectively determine how
to distinguish those who do and do not progress to
dementia.
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