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Summary: There is at present no reliable predictive test for most forms of Alzheimer
disease (AD). Although some information about future risk for disease is available in
theory through ApoE genotyping, it is of limited accuracy and utility. Once neuropro-
tective treatments are available for AD, reliable early detection will become a key
component of the treatment strategy. We recently conducted a pilot survey eliciting
attitudes and beliefs toward an unspecified and hypothetical predictive test for AD. The
survey was completed by a convenience sample of 176 individuals, aged 22-77, which
was 75% female, 30% African—American, and of which 33% had a family member
with AD. The survey revealed that 69% of this sample would elect to obtain predictive
testing for AD if the test were 100% accurate. Individuals were more likely to desire
predictive testing if they had an a priori belief that they would develop AD (p =
0.0001), had a lower educational level (p = 0.003), were worried that they would
develop AD (p = 0.02), had a self-defined history of depression (p = 0.04), and had
a family member with AD (p = 0.04). However, the desire for predictive testing was
not significantly associated with age, gender, ethnicity, or income. The desire to obtain
predictive testing for AD decreased as the assumed accuracy of the hypothetical test
decreased. A better short-term strategy for early detection of AD may be computer-
based neuropsychological screening of at-risk (older aged) individuals to identify very
early cognitive impairment. Individuals identified in this manner could be referred for
diagnostic evaluation and early cases of AD could be identified and treated. A new
self-administered, touch-screen, computer-based, neuropsychological screening instru-
ment called Neurobehavioral Evaluation System-3 is described, which may facilitate
this type of screening. Key Words: Alzheimer disease—Early detection—
Neuropsychological screening—Predictive testing.

Slowing the progression of Alzheimer disease (AD)
undoubtedly will be a major focus among the strategies
to treat AD over the next decade (Khachaturian, 1992).
Successfully slowing the progression of AD would be
tantamount to a cure if, and only if, the rate of progres-
sion were to be sufficiently slowed by a treatment and if
that treatment could be applied early in the course of the
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disease; preferably before the development of clinical
symptoms. Hence, early detection is vitally important to
any discussion of such a treatment.

As we consider the notion of early detection, two fun-
damental questions must also be considered. First, what
is it that we are attempting to detect? Are we referring to
the detection of a genetic trait that has been present since
conception, a biochemical abnormality in the processing
of APP that gradually becomes apparent with age, or a
decline in cognitive abilities that heralds the onset of
clinical dementia? A second and related question is just
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how early should early detection take place? A biologic
marker (ApoE genotype determination) that offers a
probabilistic measure of risk for AD is already available
and could in theory be offered at any time during child-
hood or adulthood, or even in utero (Farrer, 1997). A
recent consensus conference in the United States con-
cluded that ApoE should not currently be used as a pre-
dictive test in nondemented individuals (Farrer et al.,
1995). However, the likelihood that future tests will be
developed with greater accuracy raises interesting ques-
tions: Is there a desire for predictive information about
the risk for developing AD on the part of unaffected
individuals and, if so, what are the benefits and risks of
providing this information, both now and once effective
neuroprotective treatments become available?

At present there is no effective available treatment to
slow the progression of AD. However, there is reason to
believe that such treatments will become available in a
few years, and at that point the issue of predictive testing,
perhaps even with a technique with as limited accuracy
as that of ApoE genotyping, will surely become more
relevant. Even in a disease such as breast cancer, in
which early detection may be indisputably linked to im-
proved clinical outcome, there is considerable contro-
versy about the methodology and ethics of providing
genetic testing as a means of assessing the risk for even-
tual development of this disease. No data are currently
available to provide insights into the policies and choices
that would be made and the repercussions that might
ensue if ApoE testing, or some other measure of the
preclinical risk of AD, were to be used in asymptomatic
individuals.

A SURVEY OF ATTITUDES TOWARD
PREDICTIVE TESTING FOR AD

We have recently conducted a pilot survey of 176
individuals in which the following questions were asked:
What percentage of those surveyed would choose to take
a hypothetical predictive test for AD? What characteris-
tics are associated with the desire to obtain predictive
testing for AD? How does the accuracy of the predictive
test for AD affect one’s desire to be tested? How would
the availability of a treatment to delay the onset of AD
influence the decision to use predictive testing? What
characteristics are associated with serious consideration
of suicide after a positive predictive test for AD, and how
would various degrees of hypothetical test accuracy im-
pact these considerations of suicide?

The subjects in this pilot survey were a convenience
sample of cognitively normal individuals drawn in ap-
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proximately equal measure from the following groups:
(a) family members and caregivers of patients with AD
attending a regional symposium sponsored by the Alz-
heimer Association; (b) subjects participating in a study
of past exposures to chemicals in the workplace; and (c)
volunteers from a local civic organization. The study was
approved by the institutional Human Investigations
Committee and all subjects gave informed consent. The
response rate and demographics of the study population
are shown in Table 1. The first question was: What char-
acteristics are associated with the desire to obtain pre-
dictive testing for AD? Using multiple regression, the
following subject characteristics were significantly asso-
ciated with the desire to obtain predictive testing for AD.
Such individuals were more likely to believe a priori that
they would develop the disease (p = 0.0001). They were
also more likely to have a lower educational level (p =
0.003). This finding is interesting because most studies
of people who seek genetic counseling show that more
highly educated individuals are more likely to seek ge-
netic testing. The desire to obtain predictive testing for
AD in this sample was also associated with being
worried that they will develop AD (p = 0.02), having
a self-defined prior history of depression (p = 0.04),
and having had a family member with AD (p = 0.04).
A desire for predictive testing was not significantly as-
sociated with age, gender, ethnicity, or income in this
sample.

The next question was: How does the accuracy of a
hypothetical predictive test affect one’s desire to be
tested? When the assumed accuracy of the test increased,
significantly more individuals in this sample agreed that
they would like to be tested. Interestingly, those who
already believed that they were going to get the disease
were significantly more likely to want to be tested at all
levels of hypothetical accuracy than those who did not.
This finding appears to provide a clue to at least one
underlying reason why individuals may want to be
tested: they believe that they are at risk and are seeking
evidence to counter this belief. Indeed, we think that this
belief is far more pervasive than has been recognized.

TABLE 1. Response rate and demographics of the
study population

n = 176 (54% response rate)
45 +12.8 years of age (range 22-77)
75% female
30% African—American, 70% Caucasian
Education
28% = high school
41% with some college
31% with some graduate school
33% (13%) have a family member (parent) with AD
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Moreover, there appears to be almost magical thinking
that occurs around the question of probabilistic testing
for AD.

To illustrate this point, when one women was asked
the following question: ‘‘If you got a ‘yes’ answer on a
predictive test for AD that was 80% accurate, would you
believe that you were surely going to develop the dis-
~ease?”’ and she said ‘“Yes.”” When the same question
was asked, substituting 70% accuracy, the answer was
‘‘Probably so.”” Asking the same question using an as-
sumption of 60% accuracy, the answer was ““No.”” So
between 60 and 70% accuracy, this individual apparently
found room for hope. Indeed, a number of subjects in-
dicated that they were personally convinced that they
would develop AD and that they would seek predictive
testing to exorcise that belief.

We then asked another question: Would the availabil-
ity of a treatment to delay the onset of AD influence the
decision to seek predictive testing? In this survey, re-
sponses indicated that if there were a treatment available
to delay onset, significantly more subjects would seek
predictive testing. Finally, we asked: What characteris-
tics are associated with serious consideration of suicide
after a positive predictive test? Those who anticipated
feeling suicidal after a positive result were more likely to
be taking the predictive test in order to plan for suicide (p
= 0.0001), to have had a parent with AD (p = 0.03), or
to be worried about developing AD (p = 0.03). These
findings were not significantly associated with age, gen-
der, ethnicity, income, marital status, or prior history of
depression.

Pilot data collected in this study suggested that of the
176 individuals surveyed in this convenience sample,
35% would elect to obtain predictive testing for AD even
if the hypothetical test were only 60% accurate. When
asked to presume that the test were 100% accurate, 69%
of respondents indicated that they would elect to obtain
such testing. Certainly, individuals who indicate in a sur-
vey that they would obtain predictive testing might not
actually follow through. However, a remarkably high
percentage of this sample appeared to be seriously inter-
ested in predictive information.

MARKERS AND METHODS FOR
PRECLINICAL DIAGNOSIS

ApoE genotyping is the first example of a genetic
marker for the most widespread form of AD that could
potentially provide predictive information about risk
long before symptoms of the disease begin. However,
there are other markers and methods that may aid diag-
nosis in the very earliest and even preclinical stages of

the disease. A full survey of biologic markers in skin and
blood is beyond the scope of this presentation, and has
been summarized elsewhere (Small and Greenberg,
1988; Blass and Gibson, 1993; Wen et al., 1994). Par-
ticular interest in this regard has been directed toward the
search for effective cerebrospinal fluid (CSF) markers in
AD. Although conventional spinal fluid measures are not
helpful in AD (Fishman, 1992), the search for diagnostic
CSF markers has been extensive (Wilder-Smith et al.,
1994). Spinal fluid from patients with AD has been re-
ported to have increased microglial antibodies (McRae et
al., 1993), lowered serotonin, 5-hydroxytryptophan, and
5-hydroxyindoleacetic acid (Volicer et al., 1985), in-
creased levels of AD-associated protein (Bissette et al.,
1991), increased norepinephrine (in severely impaired
AD patients) (Raskind et al., 1984), increased choline
(Elble et al., 1989) and decreased acetylcholinesterase
and butyrylcholinesterase (Tune et al., 1985; Kumar et
al., 1989; Appleyard and McDonald, 1992), increased
ubiquitin (Kudo et al., 1994), increased neuronal thread
protein (de la Monte et al., 1992), decreased taurine
(Alom et al., 1991), increased glutamate (Pomara et al.,
1992), lower levels of monoamine metabolites (Blennow
et al., 1991), increased neuron-specific enolase (Blennow
et al., 1994), alterations and reductions in soluble deriva-
tives of amyloid B-protein precursor (Palmert et al.,
1990; Van Nostrand et al., 1992), increased amyloid B-
protein (Nakamura et al., 1994), increased tau (Vander-
meeren et al., 1993; Galasko et al., 1996), and decreased
AB,, (Motter et al., 1995). None of these studies has
demonstrated clear effectiveness of a marker in a popu-
lation-based, prospective study.

An interesting possibility was raised in 1994 when it
appeared that patients with early AD could be character-
ized by an exaggerated pupillary mydriatic response after
eyedrop exposure to the cholinergic antagonist tropic-
amide (Scinto et al., 1994). Our own study of this phe-
nomenon was unable to reproduce this finding with suf-
ficient robustness to warrant its consideration as a diag-
nostic aid (Loupe et al., 1996).

Functional imaging studies have attracted consider-
able attention as possible diagnostic modalities for the
early diagnosis of AD. Although not routinely performed
in the evaluation of dementia, these techniques can yield
important diagnostic information by providing regional
profiles of blood flow or metabolic activity in the brain,
particularly when used in conjunction with information
derived from structural imaging (Foster, 1994; Osimani
et al., 1994). For example, a pattern of bilateral tempo-
roparietal hypoperfusion or hypometabolism is felt to be
characteristic of AD. However, this pattern is not appre-
ciated in all cases of early AD (Azari et al., 1993; Pietrini
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et al., 1993; Weiner et al., 1993). It has been suggested
that, in combination with other information such as
ApoE genotyping, positron emission tomography (PET)
may eventually be able to detect early cerebral dysfunc-
tion in at-risk persons, even before neuropsychological
abnormalities appear (Small et al., 1995), and could also
prove helpful in predicting the rate of cognitive decline
in AD (Wolfe et al., 1995). However, functional imaging
is currently of greatest value in less typical dementia
cases, such as frontal lobe dementia (Miller et al., 1991)
or dementia with combined cognitive and extrapyramidal
symptomatology (Tyrrell, 1990), and does not yet appear
to warrant routine use in the diagnostic evaluation of a
dementing patient (Salmon et al., 1994). In a recent PET
study by Reiman and colleagues (1996), individuals ho-
mozygous for the €4 allele, as a group, showed preclini-
cal PET abnormalities that resembled those found in AD.
However, PET is expensive and inefficient, and it has not
yet been validated as a preclinical measure that would be
accurate for individual patients.

COGNITIVE TESTING: THE CASE FOR
COMPUTER-BASED SCREENING

Although there would be some advantages, along with
some thorny ethical issues, in having a truly preclinical
diagnostic test, one of the most effective short-term strat-
egies may be to develop screening methods that are sen-
sitive and specific for early clinical features of dementia
and then to utilize the conventional work-up to establish
a precise diagnosis (Corey-Bloom et al., 1995). A num-
ber of studies have indicated that careful neuropsycho-
logical testing can accurately identify individuals who
are experiencing mild (and even unrecognized) cognitive
impairment (Rubin et al., 1989; Flicker et al., 1991; Ma-
sur et al., 1994; Green et al., 1995; Jacobs et al., 1995;
Linn et al., 1995). However, many proposed neuropsy-
chological screening tests are not very practical for wide-
spread use, as they can be time-consuming, may require
a technician to administer and score, and have not been
validated for population-based screening. In addition,
many brief instruments for neuropsychological assess-
ment require that the subject be able to read and some-
times to write, and therefore they may be biased by the
" subject’s level of education.

In response to these needs, one of us (RL) has devel-
oped a 15-min computer-based test that uses a stylus-
based touch-screen response mode and which presents
instructions auditorily and therefore requires no reading
or writing (Letz et al., 1996). This system, called the
Neurobehavioral Evaluation System-3 (NES-3), is the
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most recent in a series of very different computer-based
but keyboard-mediated neuropsychological tests, NES
and NES-2 (Baker et al., 1985; Letz, 1990). NES-3 in-
cludes an orientation module, a list-learning task, a test
of sequencing ability, forward and reverse visual span, a
symbol-digit matching task, and a delayed recall of the
words presented in the list-learning task (Letz et al,,
1996). Initial validation efforts are under way.

NES-3 may offer a simple, easy-to-administer screen-
ing method for early detection of dementia with a mini-
mum of educational bias. NES-3 has the potential to
identify individuals to be worked-up for diagnosis and to
facilitate the initiation of specific treatments.

CONCLUSIONS

Over the next decade, as we develop treatments that
slow the progression of Alzheimer disease, we will have
to confront the question of early detection. There is an
urgent need to collect data on the ways in which predic-
tive testing and information can be applied in clinical
practice effectively, ethically, and compassionately.
Until the accuracy of clinical applicability of biologic
markers is refined, computer-based neuropsychological
screening and early detection of cognitive symptoms
may offer the best hope for early identification of indi-
viduals with dementia.
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