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FOREWORD

Dramatic increases in the life expectancy in the United States and other developed
countries have resulted in unprecedented numbers and proportions of older adults in the
population.  This demographic evolution in turn has fueled growing interest in age-
associated dementing illnesses, particularly Alzheimer’s disease.  The prevalence of
Alzheimer’s disease, by far the leading cause of dementia in the United States, doubles
every 5 years after age 65 such that perhaps as many as one-half of all individuals age 85
years or older are demented.

Much has been learned about Alzheimer’s disease since two milestone events
occurred in 1984.  First, uniform clinical diagnostic criteria were introduced by the Work
Group convened by the National Institute on Neurological and Communicative Disor-
ders and Stroke and the Alzheimer’s Disease and Related Disorders Association (1) and
provided the basis for the accurate recognition of the disorder.  Second, Glenner and
Wong isolated the beta amyloid peptide from meningeal vessels in Alzheimer’s disease
brain (2), thus ushering in an era of remarkable progress in deciphering the neurobiologic
mechanisms underlying Alzheimer’s disease and in developing drug therapies.  The pace
of scientific advance has been so rapid that it is easy to forget that only two decades ago
the major issue regarding dementia was not therapy or biology, but simply whether it was
possible to clinically differentiate Alzheimer’s disease from other forms of “senile brain
degeneration” and vascular dementia.  Use of accurate clinical criteria with quantitative
postmortem assessment, coincident with a reduction in vascular dementia owing to
improved stroke prevention measures, now firmly establish Alzheimer’s disease as the
predominant cause of “senile” dementia.

There remain difficulties in dementia classification, however.  In particular, it has not
been possible to resolve whether aging and Alzheimer’s disease are continuous or cat-
egorical processes because the clinical and pathological boundaries between the two
conditions often are indistinct.  The difficulty in distinguishing aging and Alzheimer’s
disease is underscored by the plethora of terms that have been introduced to characterize
borderzone states in which the individual is neither clearly normal nor clearly demented:
“benign senescent forgetfulness,” “age-associated memory impairment,” “pathological
aging,” “cognitive impairment, no dementia,” and “mild cognitive impairment.”  At the
same time, there is accumulating evidence to suggest that truly healthy brain aging can
occur into the ninth and tenth decades of life and may be associated with less cognitive
decline (3,4) and neuropathological changes (5) than usually are assumed.  Such evidence
indicates that more than minimal cognitive decline may not be “normal” for age and that
much (perhaps most) of what presently is described as mild cognitive impairment (6) and
similar states may represent incipient or very mild Alzheimer’s disease.

It was not uncommon years ago to reserve the diagnosis of Alzheimer’s disease for
moderate-to-severe stages of dementia, a practice that reflected both uncertainty about
distinguishing mild dementia from normal aging and the lack of incentive to make an
“early” diagnosis when there was little to offer the patient.  This attitude has been replaced
by growing interest in diagnosing the disorder at earlier and earlier stages, stimulated by
the advent of approved drugs for the symptomatic treatment of Alzheimer’s disease (7)
and the promise of newer agents that may halt dementia progression or even prevent the
disease.  Thus, therapeutic nihilism is being dispelled.  Impetus for detection of early-
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stage Alzheimer’s disease also comes from the realization that investigations of proposed
causative mechanisms and putative biomarkers should not be limited to advanced dis-
ease, in which critical findings that distinguish disease from aging may be obscured.

This volume on the early diagnosis of Alzheimer’s disease is both timely and compel-
ling.  It offers contributions from a superb group of experts who have helped define the
relevant issues and led critical clinical and scientific advances in early-stage diagnosis.
The first three chapters justify the importance of accurate diagnosis and describe the
clinical and pathological phenotypes for early-stage Alzheimer’s disease.  Chapter 4
provides a masterful review of the molecular pathology of the disorder and proposes a
schema for its initiating pathophysiologic events.  Chapters 5 and 12 cogently discuss the
current state of knowledge for the genetics of Alzheimer’s disease as well as the important
implications of genetic testing for early diagnosis and presymptomatic detection.  The
encouraging potential roles for structural and functional neuroimaging as tools for diag-
nosis and for monitoring response in therapeutic trials of antidementia agents are re-
viewed in Chapters 6 and 7.  The clinical utility of cognitive testing in detecting and
predicting early-stage Alzheimer’s disease is cogently discussed in Chapter 8.  Chapters
9 and 10 comprehensively review the promise and limitations of proposed biomarkers for
Alzheimer’s disease.  Chapter 11 summarizes the status of currently approved therapies
for Alzheimer’s disease and convincingly argues that early-stage illness should be a
target for intervention.

The editors are to be commended for the extraordinarily high quality of the contrib-
uting authors and the chapters and for focusing attention on the topic of early-stage
Alzheimer’s disease.  As we move into the next century, I predict that the early diagnosis
of Alzheimer’s disease will become a dominant issue for clinicians, patients, and their
families as new therapies are developed and new research discoveries occur.  This volume
not only serves as a testimonial to the value of early diagnosis, but provides clinicians and
scientists with the basis to appreciate ongoing developments in this emerging and impor-
tant field.

John C. Morris, MD
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PREFACE

ix

As the population ages, an increasing number of individuals are at risk for degenerative
diseases such as Alzheimer’s disease (AD). Early Diagnosis of Alzheimer’s Disease has
been written out of the conviction that without an understanding of the complex issues
surrounding the search for early markers for Alzheimer’s disease, the prospects for early
diagnosis and, consequently, the development of new interventions for the disease will,
at best, be delayed.  In the past few years, we have seen a proliferation of research on
methods to detect Alzheimer’s disease early in its course.  It is an excellent time to take
stock of the progress of this rapidly expanding field.

The chapters in Early Diagnosis of Alzheimer’s Disease review the most promising
approaches in current research on early diagnostic markers for AD.  These approaches
include the elucidation of changes in the brain as seen in structural and functional neuroim-
aging, characteristic patterns of cognitive decline as documented by sensitive neuropsycho-
logical tests, various genetic markers, and a wide array of biological assays.  We have placed
these different approaches to early diagnosis within a broader context by also reviewing
current clinical practice in diagnosing AD, major theories about its pathophysiology, and
the therapeutic and ethical implications of early diagnosis.  Each of the areas explored in
Early Diagnosis of Alzheimer’s Disease holds promise for contributing to the development
of strategies for meeting the diagnostic and therapeutic challenge posed by AD.

Early Diagnosis of Alzheimer’s Disease is addressed to a broad audience within the
biomedical research and clinical communities.  It should be of interest to clinicians who
endeavor to care for an aging population, researchers working in the area of new thera-
peutic approaches to the disease, and policymakers who are concerned about the impli-
cations surrounding early diagnosis and the delivery of health care.  Although the work
gathered here provides a timely summary of different approaches for the early diagnosis
of AD, we hope it will make a more lasting contribution in setting a framework for future
research and critical thinking on the many issues surrounding early diagnosis.  We are
grateful to our fellow authors who have contributed their time and expertise to this work.
Such a cooperative effort by many scholars from a variety of disciplines serves as a model
for how important questions concerning diagnosis and therapy will need to be pursued
to find adequate solutions to the puzzle of AD.

We thank the staff at Humana Press for their patience and care in the production of this
volume.  We appreciate the effort of Barbara Vericker during the planning and execution
of this work.  Her talents have added immeasurably to its successful completion.

Leonard F. M. Scinto, PhD

Kirk R. Daffner, MD
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1
Early Diagnosis of Alzheimer’s Disease
An Introduction

Kirk R. Daffner and Leonard F.M. Scinto

Alzheimer’s Disease:
The Scope of the Problem

Alzheimer’s disease (AD) is poised to become the scourge of the next cen-
tury, bringing with it enormous social and personal costs. Depending on the
methods of assessment used, estimates of the prevalence of dementia due to
AD in Americans 65 and older range from 6% to 10% (1–3). The prevalence
of the disease doubles every 5 years after the age of 60 (4–6). For the popula-
tion 85 and older, estimates of the prevalence have been as high as 30–47%
(1–3). As many as 4 million Americans may suffer from a clinical dementia of
the Alzheimer’s type, with an annual cost of approximately $100 billion (7).
Based on current rates, and in the absence of effective prevention, it is esti-
mated that in 50 years, there will be as many as 14 million cases of clinically
diagnosed Alzheimer’s disease in the United States alone. While AD is a major
public health problem, it also has a very private face that causes tremendous
suffering to families. For the elderly, it one of the most dreaded afflictions that
threatens to rob them of their independence and dignity at the end of life.

Early Diagnosis: So What?

This book addresses issues surrounding early diagnosis in Alzheimer’s dis-
ease. It is predicated on the belief that early, accurate diagnosis of AD is im-
portant and will become increasingly so in the future. At first glance, this
proposition may seem foolish. Given the current absence of very effective
therapies to reverse, arrest, or prevent the disease process, why should clini-
cians and scientists be concerned that diagnosis of this illness is accurate
and occurs early in its course? Some might consider a book dedicated to
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2 Daffner and Scinto

“Early Treatment” to be much more relevant to current health-care concerns.
Our position is simple. Early treatment is not feasible in the absence of early
diagnosis. Interest in effective treatment demands attention to effective diag-
nosis. The development of clinical trials and the subsequent availability of
therapies aimed at slowing the disease process early in its course will depend
on our improved ability to identify patients in the earliest stages of the illness.

Alzheimer’s disease is a progressive neurodegenerative disorder that
leads to the death of brain cells that cannot be replaced once lost. Thus, the
best hope for controlling the ravages of this disease that ultimately disrupt
cognitive and behavioral functioning lies in early treatment aimed at stem-
ming the pathological process. For treatment to have the greatest impact on
the disease, we need to be able to recognize individuals in the earliest
stages, before they manifest clinical symptoms such as significant memory
impairment. Even “palliative” treatment, initiated during the period in
which there is demonstrated cognitive impairment, but no major disruption
of daily activities, may delay the progression of functional decline by sev-
eral years and have a profound impact on the service needs of our aging
population (8).

In the last few years, there has been a proliferation of reports on potential
diagnostic markers or tests for AD (9–59c). Thus, it is a propitious time to
carefully review the data on these varied approaches and help bring order to
this growing field. In doing so, we hope to provide a framework for evaluat-
ing new techniques as they become available.

Even as we await the development of more effective treatments for AD, we
should endeavor to ensure accurate diagnosis. This helps to guard against mis-
diagnosing dementias that are currently amenable to treatment, such as those
due to depression, toxic-metabolic states, or normal pressure hydrocephalus.
It is estimated that 10–15% of cases of dementia are due to a potentially re-
versible cause (60,61). Diagnostic accuracy also is important for families,
who can better prepare for the future when they have been informed of the pa-
tient’s prognosis. Pharmaceutical trials require accurate diagnosis to select ap-
propriate subjects for study (see Chapters 8 and 11). The inappropriate
inclusion of patients without underlying AD is likely to lead to incorrect con-
clusions about the efficacy of the therapy being evaluated. Most trials that
have been conducted to date have studied patients in the moderate or mild-to-
moderate stage of the illness. There is growing interest in testing medications
in patients who are in the earliest clinical stages of the illness, when treatment
can have a more profound impact on functional status and rate of decline. As
new classes of medications are developed (e.g, aimed at slowing underlying
disease progression), studies may be directed at individuals in the preclinical
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stages of the illness. Such future trials will depend on further advances in our
ability to identify such individuals.

Clinical Versus Pathological Dimensions of AD

Rigorous study of a progressive neurological disease such as AD requires
that we appreciate the distinction between its clinical and pathological di-
mensions. Clinically, AD most commonly manifests as an insidiously pro-
gressive decline in cognitive and functional status, with salient disruption of
memory and other intellectual functions (see Chapter 2 for clinical definitions
of AD). There are several different, but largely overlapping sets of criteria that
specify the pattern of symptoms and signs required for a clinical diagnosis of
AD (often designated as “probable Alzheimer’s disease” or dementia of the
Alzheimer’s type) (62–64). Pathologically, AD is characterized by the pres-
ence of plaques and tangles (more strictly by an excessive density of plaques
and tangles). As with the clinical definition of the disorder, various consensus
statements offer slightly different pathological criteria (65–67). (This issue is
detailed in Chapter 3.)

Demented patients who fit the clinical diagnostic criteria for probable AD
have a high probability of having the underlying plaque and tangle pathology
of AD. However, a small proportion of patients with symptoms and signs con-
sistent with a clinical diagnosis of AD will turn out to have a different under-
lying pathology (68–76). Likewise, a small proportion of demented
individuals with underlying AD pathology will manifest clinical patterns that
are atypical for dementia of the Alzheimer’s type. Rather than exhibiting
salient memory problems, these patients may present with relatively isolated
disruption of language, visuospatial functions, or executive cognitive func-
tions (77–82).

A large body of evidence now points to the fact that the pathology of AD
may represent an insidious process developing over as many as 15 to 20 years
before there are any clinical manifestations (83–89). While there is ongoing
discussion over which pathological marker (i.e, tangle burden, plaque count,
synaptic loss) is most closely linked to dementia severity (90–95), there is no
debate over the fact that overt clinical manifestations of the disease occur after
the presence of significant neuropathological abnormality. In this regard, AD
is similar to Parkinson’s disease, in which 50–60% of the pigmented neurons
in the substantia nigra pars compacta must be lost before the patient shows
definite clinical signs (96).

This distinction between the clinical and pathological dimensions of AD
highlights some of the major challenges associated with early diagnosis and
the search for biological markers of the disease. By the time a patient is rec-
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ognized as clinically demented, considerable irreversible brain damage has al-
ready taken place. For example, in patients who have just begun to show the
earliest clinical symptoms of dementia [i.e, with Clinical Dementia Rating
(CDR) (87,97) score of 0.5 as defined below], 50% of the neurons in entorhi-
nal cortex, a crucial anatomic component of memory processing, have already
been lost (98). Hence many individuals who are considered clinically “nor-
mal” will have definite neuropathological features of AD.

Some investigators might disagree with this perspective, arguing that since
a large portion of “nondemented” elders have some degree of plaque and tan-
gle pathology at autopsy, one should take the position that individuals who are
not clinically symptomatic do not have the disease. The motive behind subor-
dinating the pathological to the clinical dimension may be a desire to avoid dis-
tressing and stigmatizing elderly people who do not have any symptoms. Here,
the pathological plane becomes subordinate to the clinical one in an effort not
to call something a disease in the elderly before it manifests symptoms.* This
viewpoint would be consistent with the position that aging individuals with
progressive narrowing of the coronary arteries do not have a disease until they

*It is beyond the scope of this book to adequately address the debate over the rela-
tionship between so-called normal aging and AD (refs. a–e). Some of the pertinent issues
are considered in the sections addressing AD pathology (Chapter 3) and early cognitive
changes (Chapter 8). Two antithetical views have been posed: one emphasizing the con-
tinuity and the other the differences between normal aging and AD. On a pathological
plane, some would argue that qualitatively, normal aging and AD are very similar. The
differences are only quantitative, with AD reflecting greater plaque and tangle burden
(ref. f ). AD is seen as an inevitable consequence of the aging process, such that anyone
who lived “long enough” would develop the disease. From this perspective, the “divid-
ing line” between normal aging and AD is relatively arbitrary. If the more extreme ver-
sion of this view turns out to be correct, it would pose a challenge to efforts to identify
individuals in the presymptomatic stages of AD. Even on pathological grounds, there
would be no way to distinguish such individuals from those undergoing the “normal”
aging process. One way to deal with this perspective is to suggest that from a practical
perspective, we could aim to develop diagnostic markers in the presymptomatic stage that
indicate that “pathology” has surpassed some critical threshold, presumably because an
individual was further along in the aging/AD process and closer to manifesting a de-
mentia. Also, it is possible that, while plaques and tangles may be part of normal aging,
AD involves a much faster rate of progression of this process, which could theoretically
be determined by measuring plaque and tangle density at different points in time.

An alternative view is that AD is not inextricably linked to normal aging, but repre-
sents a specific disease process. Like many other illnesses, the incidence of AD increases
with age. Some have argued that even the presence of diffuse amyloid plaques is not part
of normal aging, but represents presymptomatic or unrecognized early AD (refs. a,c,g).
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manifest symptoms of cardiac ischemia. As we gather more tools for identi-
fying preclinical markers and more effective therapies for AD, we anticipate
a shift toward a more pathology-oriented perspective because it favors early
identification and secondary prevention.

The relationship between AD pathology and clinical symptoms is not neces-
sarily a simple or linear one and is likely to be mediated by a range of factors,
including the patient’s education (“cerebral reserve”) and concomitant medical
illnesses (99–104). There certainly are reports of individuals, who, in life, were
viewed by their families and physicians as “normal,” but at autopsy would have
met established criteria for a pathological diagnosis of AD (83–88,105–106).
How then are we to understand the relationship between the clinical and patho-
logical planes for aging individuals who are not currently demented? One way
is to view AD neuropathology as the greatest risk factor for developing the clin-
ical syndrome of probable AD. This view establishes a context in which early
diagnosis and intervention are possible while conceding that some people de-
veloping AD pathology will die before they manifest clinical symptoms.

Stages of the Illness

Figure 1 schematically illustrates a proposed time line for the development
of AD pathology and its impact on functional status. It posits progressive de-
generative changes and a “threshold” degree of neuropathological damage be-
yond which an individual manifests the clinical syndrome of dementia. By
definition, that threshold is marked by observable decline in functional status
that interferes with a person’s activities of daily living. Ideally, decline is judged
on the basis of changes from a particular person’s premorbid status. In practice,
it is often more crudely assessed by noting a disruption of common activities
such as maintaining a checkbook, household responsibilities and chores, and
personal hygiene. However, the more the determination of functional decline is
adjusted for the patient’s baseline, the less the clinical diagnosis will be affected
by her socioeconomic, cultural, and educational background.

For heuristic purposes, the “journey” between normal brain functioning and
clinical dementia can be divided into different stages:

1. Presymptomatic
2. Preclinical
3. Very early, “questionable” dementia
4. Mild dementia
5. Moderate dementia
6. Severe dementia
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In the presymptomatic stage, there is an insidious pathological process in
the brain, but there are no mental or behavioral symptoms, no impairment of
everyday functioning, and no abnormalities on neuropsychological testing,
even using tests sensitive to subtle decrements in performance. When baseline
neuropsychological test data are available, results at the time of clinical eval-
uation would show no significant changes from the baseline. The existence of
such a stage is supported by pathology series showing characteristic AD le-
sions in the absence of any observable or measurable clinical deficits on an
antemortem evaluation (83–88,105–106). The notion of a presymptomatic
stage is further bolstered by evidence of such a period in patients with Down
syndrome who, in middle age, invariably develop a clinical dementia marked
by AD pathology at autopsy (107–109). In this presymptomatic stage, some
biological markers may be positive, permitting identification of candidates for
intervention aimed at prevention of the disease.

In the preclinical stage, subtle deficits, especially in memory, are detectable
by formal testing of cognitive performance. However, these deficits are not as-
sociated with any impairments in daily living. Such individuals would still
rate a 0 classification on the CDR scale (87,97). Deficits in this stage can be
detected by employing a comprehensive and sensitive battery of neuropsy-

Fig. 1. Theoretical time line for Alzheimer’s disease.
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chological tests (see Chapter 8 for a discussion of such batteries and preclin-
ical AD).

As individuals approach the threshold for dementia, they may begin to ex-
hibit subtle signs of functional and cognitive deterioration, suggestive of a
clinical dementia. The Clinical Dementia Rating scale has designated this
period with a score of 0.5. Such individuals exhibit mild forgetfulness, along
with subtle impairment of judgment, home and community activities, or oc-
cupational functioning.* In one series by Morris and colleagues (87), all 10 of
the individuals at this stage were found at autopsy to meet pathological crite-
ria for AD. Several research groups have demonstrated that elders who exhibit
this kind of mild impairment in memory and daily functioning go on to de-
velop a full-blown syndrome of dementia at a rate of 10% to 15% per year,
which is approximately 5 to 7 times higher than for age-matched individuals
who do not exhibit such impairment (50,110).

By the time individuals reach a CDR stage of 1.0, there is no doubt that they
have dementia, albeit of mild severity. Memory impairment interferes with
everyday activities. There are growing difficulties handling complex problems
and managing independence in household responsibilities and daily activities
such as maintaining one’s residence, handling finances, or reliably taking
medication for concomitant medical illnesses.

Patients with dementia of moderate severity (CDR stage 2), exhibit sig-
nificant memory loss, frequent disorientation, impairment of social judg-
ment, and an increasing need for supervision in their daily living activities,
including maintenance of personal hygiene and the cleanliness and safety of
their residence. In the severe stages of the illness (CDR score of 3 and be-
yond), patients are totally dependent on others for personal care and every-
day problem-solving. At the end of the disease, they lose the capacity to
communicate, recognize caregivers, feed themselves, or walk without
assistance.

According to this scheme for dementia staging, what is being “diagnosed”
depends on whether we are considering the presypmptomatic or symptomatic
stages of the illness. In the presymptomatic stages, what is being “diagnosed”
is the underlying Alzheimer’s pathological process, with the presumption that
individuals with such markers are at high risk for developing a clinical de-
mentia. In the symptomatic stages of the illness, what is being diagnosed is

*Individuals in this stage of the illness are likely to need more time when interacting
with health care professionals in order to understand and carry out instructions.
Currently, the system often fails to identify such individuals or provide them with the ad-
ditional time they require.
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the clinical syndrome of dementia and a specific brain disease that accounts
for it. Most often, current clinical practice focuses on the latter goal, as re-
viewed in Chapter 2. Often, the major effort is on excluding (“ruling out”)
other potential causes of dementia rather than making a positive diagnosis of
AD. Most of the new diagnostic strategies reviewed in this book have focused,
at least initially, on patients in the mild to moderate stages of the illness. In the
past few years, there has been growing research (using longitudinal studies)
on at-risk individuals in early or preclinical stages of the disease.

Candidate Markers

Since the pathological process precedes the clinical manifestations of the dis-
ease, the earliest markers for the illness may not be found if the search for them
begins with the first clinical symptoms. To aid diagnosis in the presymp-
tomatic and preclinical stages, we need to find biological markers for the dis-
ease that are detectable well before even subtle clinical symptoms are apparent.

Many of the proposed markers for the AD process will be discussed
throughout this book. Although, there are substantial differences in the exist-
ing approaches, in general, two major strategies have been employed. One
strategy takes advantage of the characteristic anatomic distribution of the neu-
ropathological changes of AD. The other strategy measures presumed by-
products of the underlying pathological process in, for example, cerebrospinal
fluid (CSF), serum, urine, or skin.

Like any degenerative illness, AD does not afflict all neuroanatomical lo-
cations with equal severity. As is discussed in Chapter 3, there is a charac-
teristic pattern of progression in the cortex that initially emphasizes limbic
and posterior association regions and tends to spare primary sensorimotor
areas (21,94,98,111–121). This distribution differs substantially from other
degenerative processes such as frontotemporal dementia, which has a
predilection for frontal and anterior temporal lobes (78,81,122–124). Many
of the proposed diagnostic strategies take advantage of the relative anatomi-
cal selectivity of AD pathology, especially early in the course of the illness.
The early involvement of limbic regions such as the entorhinal cortex and
hippocampus is the basis for using morphometric MRI analysis of mesial
temporal structures to distinguish patients with AD from normal controls, as
discussed in Chapter 6. The early destruction of these regions essential to
neuropsychological functions such as memory provides the anatomical basis
for the pattern of neuropsychological deficits that mark the preclinical and
early stages of the illness, as reviewed in Chapter 8. Functional imaging stud-
ies also take advantage of the predictable distribution of disrupted cortical
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metabolic or perfusion activity, which most often involves bilateral tem-
poroparietal cortex, as reviewed in Chapter 7. Finally, the observations of ex-
aggerated pupillary dilation to dilute tropicamide (a topical cholinergic
antagonist) may be due to the early development of pathology in the Edinger-
Westphal nucleus of the midbrain, a center for the regulation of pupillary re-
sponse (see Chapter 10).

All strategies that take advantage of the distributional predilection of the
AD pathological process suffer from the same potential limitations. The find-
ings are not pathognomonic of AD. Other diseases that may affect similar
areas of the brain could generate similar patterns and thus “false positive” re-
sults. Moreover, atypical cases of AD, with an unusual distribution of pathol-
ogy, would likely yield false negative results. Although such problems might
potentially diminish the utility of these diagnostic tools, we suspect that atyp-
ical presentations of AD and non-AD processes with overlapping anatomic
distributional characteristics represent a relatively small percentage of cases.
The impact of such cases on the diagnostic accuracy of these tests is an em-
pirical question that will need to be addressed.

The second major strategy, measuring components or by-products of the
pathological process of AD, relies on an understanding of the pathophysiol-
ogy underlying AD. Chapter 4 presents one of the dominant theories about
the pathogenesis of the illness. Additional information about the biology of
the disease can be found in Chapter 5, addressing genetic factors, and
Chapter 9 on peripheral markers. Despite major advances, many questions
remain that have implications about “translating” our understanding of the
biology of the illness into diagnostic strategies: Which products are directly
linked to the pathologic process, and which represent nonspecific responses
to ongoing cerebral injury? Which can be usefully measured without a brain
biopsy? Which turn positive in the presymptomatic and preclinical phases?
Some putative markers of AD, such as tau protein, are also found in other dis-
eases. Thus, their specificity will depend in part on the distribution of the var-
ious dementing illnesses in a study population. Also, many assays currently
require CSF. The need for a lumbar puncture is likely to limit their wide-
spread application. Chapter 9 reviews a broad range of peripheral markers
that have been proposed, including measurements of CSF tau, beta amyloid,
neuronal thread protein, serum melanotransferin (P97), and mitochondrial
DNA mutations. Recently, a consensus statement on criteria for evaluating
potential biomarkers for the disease has been issued jointly by the Ronald
and Nancy Reagan Research Institute of the Alzheimer’s Association and the
National Institute on Aging Working Group (see the Appendix, pp. 329–348,
for the complete report).
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Biological markers must be capable of detecting some aspect of the patho-
logical cascade of AD that leads to end-stage disease. Different markers will
tap different components of this pathological cascade at different points in the
pathological process. Some markers may be manifested at relatively early pe-
riods in the presymptomatic stage, while others may only become positive in
response to the presence of pathology at later periods. The best markers are
those most directly related to the pathologic process or that are uniquely a
consequence of the pathology. Moreover, they would predict as early as pos-
sible the presence of a pathological process that leads to end-stage disease.
Figure 2 illustrates the concept of biologic markers that “turn positive” in se-
quence. Since few data are available to order the currently proposed markers,
the scheme is presented without naming specific markers.

It seems unlikely that any single marker will predict the development of
clinical symptoms with 100% certainty. We suspect that in the future more re-

Fig. 2. Theoretical sequence of biological markers for Alzheimer’s disease.
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searchers will take advantage of combining information from different tech-
niques. For example, statistical techniques such as logistic regression and
discrete-time survival analysis can be applied to data from longitudinal stud-
ies of at-risk elders, many, but not all, of whom subsequently become de-
mented. These methods permit the development of models that reflect the
relative predictive value of different biological markers. Once validated on a
second sample, they can provide clinically useful estimates of the probability
that individuals will develop dementia of the Alzheimer type. We can imagine
setting a threshold probability level that would trigger the initiation of newly
developed therapies. As we learn more about the relationship between specific
indicators and the natural history of the disease, models assigning weights to
different markers should have increasing clinical utility.

Distinguishing Between Diagnostic Tests
and Risk Factors

When we consider diagnostic techniques, it is important to distinguish as-
says that mark the presence of a specific pathological process from tests that
only assess the risk for the disease. This distinction is often blurred when ge-
netic tests are considered. Chapter 5 is devoted to a review of genetic markers
and AD. The presence of specific genetic abnormalities such as the presenilin
mutations on chromosome 1 and 14, do signal that disease will follow with
extremely high, if not 100%, certainty (125,126). However, such findings are
not diagnostic in the strict sense of the word. The presence of such mutations
tell us that disease will inevitably develop, but they do not tell us if the disease
process is currently active and ongoing, or exactly when it will begin. Other
genetic markers such as an apolipoprotein �4 allele do not signal the in-
evitable onset of disease. Rather, this genetic factor implies an increased risk
for earlier onset of AD. Not all individuals who possess an �4 allele will de-
velop the disease. Several consensus statements have strongly argued against
using ApoE status as a predictive or diagnostic test (127–130).

Combining information about a patient’s current cognitive status with her
genetic inheritance may permit a more definitive set of inferences. For exam-
ple, if a member of a family with an autosomal dominant form of AD sec-
ondary to a presenilin mutation exhibited cognitive impairment and early
symptoms of dementia, it is extremely likely that the decline was due to un-
derlying AD pathology. A similar argument has been made for late-onset de-
mentias in patients with Apo �4 alleles (39,58). It has been proposed that the
presence of an Apo �4 allele in an older patient with the dementia syndrome
raises the probability of AD from approximately 66% to over 90% (39).
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However, the pattern of clinical deficits characteristic of AD would also raise
the probablity of having underlying AD pathology to 85–90% (68–76). In
such cases, the additional value of knowing Apo � status in improving diag-
nostic accuracy is less clear. A large-scale multicenter study (131) suggested
that ApoE genotyping in combination with clinical criteria for Alzheimer’s
disease can significantly improve the specificity of the diagnosis.

Assessing the Value of Candidate Tests:
Epidemiological Considerations

Diagnostic tests are often judged on the basis of their sensitivity, specificity,
and predictive value. Recall that sensitivity is defined as the probability that a
test will be positive when the disease is present and specificity reflects the prob-
ability that a test will be negative if the disease is not present. Ideally, a test for
AD would be both highly sensitive and specific. Most biological tests under
consideration have a range of values. Establishing cutoff points for disease usu-
ally involves a tradeoff between sensitivity and specificity. The relationship be-
tween sensitivity and specificity can be characterized by a receiver operator
characteristic (ROC) curve that plots the probability of having a true positive
result against that of a false positive one for a range of cutoff scores (see Fig. 3).
Generally, sensitivity is emphasized when failure to detect a disease has very
deleterious consequences. Specificity is emphasized when a false-positive result
leads to potential harm. In terms of tests for AD, the “ideal” set point of this bal-
ancing act will evolve over time as a reflection of changes in the risk:benefit
ratio of treatments being developed. New tests that allow for improvement of
both sensitivity and specificity (shifting the ROC curve) would be considered an
advance over current diagnostic probes. Furthermore, tests also will need to be
judged by how early they can sensitively detect the underlying AD pathologic
process without generating a false-positive rate that is too high.*

Clinically, diagnostic tests are evaluated not by sensitivity and specificity, but
rather their positive predictive value (PPV), that is, the probability that the dis-
ease is present if the test is positive and their negative predictive value, the prob-
ability that there is no disease if the test is negative. Such information is what
clinicians and their patients are interested in knowing when a test has been or-
dered. The PPV is defined as the number of true positives divided by the sum of

*It is likely that diagnostic tests will have different ROC curves for each of the stages
of AD that we have discussed. For example, the sensitivity of marker A for a given speci-
ficity (say 80%) may be 95% at CDR stage 2, 60% at CDR stage 0.5, and 30% for the
preclinical stage. Conceivably, the most appropriate set point for a given ROC curve be-
tween sensitivity and specificity would be different for each stage.
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the true positives plus the false positives. Central to calculating the PPV is an es-
timate of the prevalence of the disease (prior probability) in the community
being tested. According to the Bayes theorem, PPV can be calculated as follows:

PPV � ( prevalence � sensitivity) / [( prevalence � sensitivity)
� (1 � prevalence) � (1 � specificity)].

Prior probability determines how much of an impact the false positive rate
(i.e, 1 � specificity) has on the predictive value of the test. For example, even
if a test were 99% sensitive and 99% specific, if the prior probability were
only 1%, the PPV only would be 50%. By contrast, if the prior probability
were 50%, the PPV would be 99%.

Thus, for Alzheimer’s disease, if the estimated prevalence is relatively low,
even a very sensitive and specific test would have limited predictive value.
However, establishing true prevalence rates for AD is not as straightforward
as it might first appear. The prevalence reported in the literature reflects an es-
timate of the number of clinically demented cases in a particular age range
that are felt to be due to AD. Some reports have suggested that as many as
10% of Americans over the age of 65 and nearly 50% of elders over 85 suffer
from a clinical dementia of the Alzheimer’s type (1). There are several limita-
tions to using established prevalence estimates to evaluate the usefulness of
newer diagnostic strategies. First, these numbers are based on current meth-
ods for diagnosing the disease. They identify individuals whose clinical state
has declined to the point of being demented, but do not include individuals
who are in the preclinical or presympotmatic stages of the illness. Currently,
there is no definitive way to identify such individuals for an accurate estimate

Fig. 3. Example of a receiver operator characteristic (ROC) curve.
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of the prevalence of AD pathology in the community. Several lines of evi-
dence would suggest that the prevalence is quite high. For example, if
40–50% of individuals over 85 suffer from a clinical dementia of the
Alzheimer’s type and if the disease process begins 15–20 years before a per-
son is clinically demented, then 40–50% of individuals in their early 70s may
have developing AD pathology. While these particular numbers may represent
the “worst-case scenario,” the logic behind them needs to be taken seriously.
Certainly, in evaluating tests for AD in the presymptomatic stages, we will
need new ways of estimating prior probability of underlying pathology in
order to assess the potential utility of the assays.

Review of the epidemiological aspects of early diagnosis of AD parallels
discussions of screening tests in medicine that address ways of evaluating at-
risk populations. However, the current approach to diagnosis in AD distin-
guishes it from other diseases for which screening tests are common. Most
often, a positive result on a screening evaluation leads to “more definitive”
tests (e.g, occult blood in the stool on a screening examination leads to
colonoscopy and/or radiological studies; an abnormal screening digital
prostate examination or positive PSA results in sonography and biopsy of the
prostate). Unfortunately, short of brain biopsy, which is very rarely done,
there is currently no “gold standard” marker for AD (see below) that could
provide the next level of assessment. Thus, in AD the usual distinction be-
tween screening and diagnostic tests is blurred. Despite the absence of a de-
finitive noninvasive marker for AD, one can still make use of test data. A
positive test can help identify elders at greatest risk for becoming demented.
Such information could result in following them with greater vigilance.
Confirmatory evidence could come in the form of a convergence of other di-
agnostic markers or clinical signs that become positive over time. Depending
on the risk:benefit profile of available therapies, the threshold for initiating
treatment in such patients might be lowered. Unfortunately, there are also po-
tential negative social consequences in identifying elders at increased risk for
becoming demented. Such information could be used by insurance companies
or other members of society to deprive them of potential benefits. These im-
portant issues are discussed in Chapter 12.

Assessing the Value of Candidate Tests:
The Problem of No Gold Standard

As noted above, one of the greatest challenges facing the assessment of can-
didate early markers for AD, especially those in the presymptomatic phase of the
illness, is the lack of an appropriate in vivo “gold standard” upon which to make
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a judgment. Consider, for example, two biological markers that are tested on a
group of elderly individuals who currently are not clinically demented. If one of
the markers is positive in a portion of these elders and the other is negative in all
cases, how do we know which test is better. The former test either might have an
unacceptably high false-positive rate, thus limiting the value of the test, or might
usefully identify disease before other potential indicators turn positive. Markers
of the illness that only turn positive after the onset of a clinical diagnosis of de-
mentia ultimately will have limited value. However, they would enable the clin-
icians to “positively” confirm AD as the specific cause of dementia rather than
only use a “rule-out” approach to the diagnosis of the illness.

Currently, cross-sectional designs are most commonly used to assess the
accuracy of a proposed diagnostic marker. In one form of this research strat-
egy, test results on a group of patients with a clinical diagnosis of AD are
compared to test results on a group of matched, nondemented control subjects.
In a related approach, test results of patients with probable AD are compared
to test results of patients who carry a different clinical diagnosis such as mul-
tiinfarct dementia or Parkinson’s disease. This assessment strategy makes the
most sense if the proposed test is being used to delineate a clinical dementia
of the Alzheimer’s type from clinical dementia of another etiology. The util-
ity of this kind of approach in the evaluation of markers of underlying AD
pathology is much less clear.

Cross-sectional designs for evaluating the accuracy of a biological assay to
identify underlying AD pathology are inherently flawed because of the diffi-
culty of selecting an age appropriate sample of individuals who we can be cer-
tain are disease free (i.e., lack pathology). In such studies, purportedly
“normal” control samples may have a significant prevalence of presymp-
tomatic or preclinical disease. The use of patient control groups also can gen-
erate similar problems. For example, patients with the clinical diagnosis of a
vascular dementia are commonly employed as a control group. Unfortunately,
numerous reports have suggested that over 50% of patients with such a diag-
nosis will be found at autopsy to have AD pathology, with or without con-
comitant significant cerebrovascular disease (132–135). Similarly, a
significant number of patients with the clinical diagnosis of Parkinson’s dis-
ease will have concomitant AD pathology, especially in individuals with cog-
nitive decline (136,137). Biological markers of AD pathology should be
positive in such patients. However, if viewed on clinical grounds alone, such
positive test results would be interpreted as indicating a lack of specificity.

Longitudinal studies are the most promising method for testing the accu-
racy of a biological marker to identify AD pathology early in its course. A
clinically useful test for AD in presymptomatic individuals should accurately
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predict the eventual development of cognitive compromise and symptoms of
dementia. Data from longitudinal studies also allow us to assess the temporal
interval over which we may expect the development of clinical symptoms of
dementia. Longitudinal studies of this kind present many formidable chal-
lenges. Until such studies are completed, we do not know how far in advance
of clinical dementia the test may turn positive. Thus, it is difficult to establish
the ideal duration of a longitudinal study. The need to follow large numbers
of subjects over time is likely to be extraordinarily expensive and it is unclear
if such endeavors will be funded.

Acquisition of pathological material may be very helpful in sorting out the
accuracy of a diagnostic technique. Researchers are unlikely to obtain a suffi-
cient number of brain biopsies on patients who have had a given diagnostic
test to provide information about its accuracy. Autopsy series also are chal-
lenging and slow to yield results. However, autopsy series of patients on
whom data for a particular biological marker exists can provide critical evi-
dence. Results that favor the validity of a particular technique include the fol-
lowing: 1) positive test while the patient was alive, AD pathology on autopsy,
and 2) negative test in life, no significant AD pathology at postmortem. An ex-
cessive number of positive tests in life without significant AD pathology at au-
topsy would strongly call into question the utility of the assay. However, a
negative test during life and AD pathology at postmortem would be the more
difficult to interpret, especially if there were a long delay (e.g, many years) be-
tween when the test was done and when the autopsy took place.

Assessing the Value of Candidate Tests:
Administration and Cost

In addition to the predictive value of a test, its utility will be judged on prac-
tical criteria such as accessibility, ease of administration, and cost. At one ex-
treme would be brain biopsy. Biopsy is almost never sought in elders who
present with typical features of a dementia of the Alzheimer’s type. Such an
invasive, risky, and expensive procedure is an inappropriate tool for identify-
ing elders in the preclinical stages of the illness. By contrast, an ideal test
would not only be accurate, but also noninvasive, inexpensive, and easy to ad-
minister at a primary care provider’s office. Unfortunately, we do not (yet)
have such a test. Tests short of brain biopsy that demand invasive biological
sampling or complex assay procedures, such as lumbar puncture or tissue cul-
ture are much less attractive option than tests without such requirements.

The cost of tests is an important consideration, given the large population
at-risk for developing dementia. However, at this stage, we should not reject
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test candidates because of the cost. Technical advances or simply test volume
may reduce cost, while effective early interventions would raise the
benefit:cost ratio. If we had treatments that, when started early in the course
of the illness, were effective in slowing the progression of the disease, the sav-
ings on support services and long-term care would easily outweigh the cost of
even an expensive test. New diagnostic tests would also reduce cost by elim-
inating the necessity for part of the “standard” workup for individuals with
cognitive impairments. Test results that accurately diagnose AD might obvi-
ate the need to routinely perform other expensive procedures like neuroimag-
ing. On the other hand, one could argue for the importance of investigating
abnormalities other than a degenerative process that may be contributing to
the decline in a person’s cognitive or functional status. Aging individuals are
at risk for developing more that one disease that can disrupt central nervous
system functioning and cognitive abilities (104,138–139).

Early Diagnosis In Alzheimer’s Disease:
Summary

There is indeed a dual challenge that faces us in our efforts to conquer
Alzheimer’s disease. We need to develop early, definitive, and noninvasive di-
agnostic tests for the disease and we need to treat early with agents aimed at
stemming the pathological process of the disease. Ultimately, there is little
clinical utility in the development of effective treatments without the capacity
for early diagnosis, or in the development of techniques for early diagnosis of
the disease without the availability of effective treatments. For Alzheimer’s
disease, there must be a dialectic relationship between research on diagnosis
and research on treatment. We are in a critical transition period that has as yet
yielded neither adequate early diagnostic strategies nor robust therapeutic in-
terventions. Ideally, the pace of progress in therapeutics will match that of di-
agnostics. If the development of predictive (genetic) or diagnostic tests
outpaces that of therapeutics, we will face difficult social and ethical issues
(see Chapter 12). We need to ensure that diagnostic information is used in hu-
mane, socially responsible ways. To allow such information to potentially
harm our patients would be contrary to the clinical goals of early, accurate di-
agnosis. The chapters that follow will summarize the current status of diag-
nostic approaches to AD, and will provide a comprehensive perspective from
which to evaluate future efforts.
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2
Current Approaches to the Clinical Diagnosis
of Alzheimer’s Disease

Kirk R. Daffner

Introduction

Assessing the value of new diagnostic approaches to Alzheimer’s disease
(AD) requires an appreciation of the “standard” clinical diagnostic evaluation.
In reality, there is no single, universally accepted clinical approach to the eval-
uation of demented patients. The workup is likely to vary from setting to set-
ting. Different approaches may be found, for example, among primary care
physicians, clinical neurologists in the community, and dementia researchers
in academic centers. With the growth of managed care programs, more ex-
plicit standards may be established, perhaps with an increased emphasis on
containing costs.

Two antithetical attitudes about diagnosis of dementia are common even
within the medical community, each with damaging consequences. One is that
changes in cognition and behavior seen in elderly individuals are simply a re-
flection of the normal aging process and thus can be readily dismissed. The
second is that all disruptive cognitive decline in the elderly is due to
Alzheimer’s disease. The terms dementia and Alzheimer’s disease often are
used interchangeably. Either of these attitudes can lead to the unfortunate
view that there is no need to make an effort to accurately diagnose dementia.
Clearly, accuracy of diagnosis will become increasingly important as more
treatments become available. Even now, accuracy of diagnosis remains an im-
portant goal. Perhaps most significantly, such efforts can help identify poten-
tially reversible or treatable conditions that have contributed to cognitive
decline and dementia. Accuracy of diagnosis can provide important prognos-
tic information to families that allow for generating appropriate expectations
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and plans for the patient’s future needs. In addition, it can allow family mem-
bers to consider the implications that a particular diagnosis might have for
them in terms of their own future. Finally, before the establishment of clear
in vivo markers for Alzheimer’s disease, trials to assess the efficacy of new
medications for AD depend on the accurate clinical diagnosis to identify pa-
tients who most likely are suffering from Alzheimer’s disease. Including mis-
diagnosed patients without Alzheimer’s disease in such trials is likely to dilute
the results of potentially efficacious treatments (1).

In the absence of definitive diagnostic markers for Alzheimer’s and other
dementing illnesses, clinicians and researchers have turned to provisional
strategies for trying to accurately assess a patient’s clinical status and diagno-
sis. The need for developing rational guidelines to assist in the diagnosis of
AD has become more apparent with the growing magnitude of the problem of
dementia. Alzheimer’s disease is the major cause of dementia in the United
States, accounting for 55% to 70% of cases (2–4). This disease alone consti-
tutes a significant and increasing health care problem. Prevalence of AD has
risen steadily as the average age of the population has increased. It is esti-
mated that up to 10% of Americans 65 and older suffer from the disease (5,6).
For the population of 85 and older, estimates of prevalence have been as high
as 47% (7). As many as four million Americans may suffer from AD, with the
cost in excess of 100 billion dollars per year (8).

This chapter emphasizes practices that have been codified over the last
10–15 years by several prominent research and clinical groups. Many of these
standards were originally developed to establish diagnostic criteria for research
purposes such as the Diagnostic and Statistical Manual of the American
Psychiatric Association (DSM) (9), the task force report of the National
Institutes of Neurologic and Communicative Diseases and Stroke-Alzheimer
Disease and Related Disorders Association (NINCDS–ADRDA) (10), and the
Consortium to Establish a Registry for Alzheimer’s Disease (CERAD) (11–13)
but are now used as guidelines in clinical practice. Others (14–17) have been
developed to help direct the practicing clinician (e.g., Quality Standards
Subcommittee of the American Academy of Neurology). The extent to which
practitioners actually follow these guidelines, however, has not been clearly es-
tablished. Thus, this chapter provides information about “recommended” clin-
ical workups, not about how often they are actualized in the community.

Initiation of a Dementia Evaluation

Evaluations for dementia are initiated under different circumstances. Most
often, family members bring in a loved one because they are concerned about a
decline in his/her cognitive or behavioral status. Patients who often lack insight



Current Approaches to the Clinical Diagnosis 31

due to their central nervous system (CNS) disease (or psychological defenses),
are unlikely to recognize the need for such an evaluation. Other patients may ac-
cept some of the observations of decline made by their loved ones, but down-
play their implications. Increasingly, patients themselves seem to be sharing
concerns with their physicians about problems with forgetfulness, word-finding
difficulties, or slowness in retrieving names. Some of these patients will be in
the early stages of a dementing illness. Others may be particularly sensitive to
the cognitive changes that are associated with “normal” aging or be suffering
from depression (18,19). Requests for evaluation may become increasingly
common as information about dementia and Alzheimer’s disease inundates the
popular press. A third pathway for initiating an evaluation is established when
interactions between a patient and medical staff raise concerns about the pa-
tient’s mental state or ability to manage his or her affairs independently.

Workup of a potentially demented patient is a multidimensional process
with two major branching points (American Academy of Neurology practice
parameters algorithm) (Fig. 1). The first major step involves establishing
whether or not an individual fits criteria for being clinically demented. The
second major step occurs after establishing a diagnosis of dementia and in-
volves a workup to evaluate possible underlying conditions that fall within the
differential diagnosis. Establishing a diagnosis of dementia relies principally
on a detailed history and mental state assessment. Identifying the most likely
underlying causes of dementia relies on recognizing the salient patterns of
cognitive decline as revealed by the history and mental state examination and
obtaining appropriate diagnostic studies that look for potential contributions
to the deterioration in the patient’s cognitive or behavioral status.

Diagnostic Criteria

The defining criteria for dementia vary (9,10,16,17). Our working defini-
tion is as follows: Dementia is a progressive, but not necessarily irreversible,
decline in cognitive or behavioral functioning that interferes with daily living
activities that are appropriate for one’s age and background and is not simply
due to a delirium, confusional state, or related alteration in sensorium. Both
DSM-IV and NINCDS-ADRDA diagnostic criteria for dementia require a de-
cline in memory and other cognitive processes such as language, visual-
spatial abilities, or executive functions. DSM-IV criteria explicitly states that
such cognitive deficits must “cause significant impairment in social or occu-
pational functioning (e.g., going to school, working, shopping, dressing,
bathing, handling finances, and other activities of daily living) and must rep-
resent a decline from a previous level of functioning” (9). This criterion is not
explicitly included in the NINCDS-ADRDA formula (Table 1). In both
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schemes, dementia cannot be appropriately diagnosed in the context of an al-
tered sensorium such as delirium or confusional state. It is also important to
point out that the diagnosis of dementia is a clinical one. It reflects impair-
ments in neuropsychological and functional status. As such, the diagnosis of
dementia cannot be made by a pathologist, neuroradiologist, or blood test.

Fig. 1. Proposed algorithm for dementia diagnosis and workup. *Suspected and
worrisome history without obvious abnormalities on office mental state testing. **Some
physicians will work up patients who show no functional decline without doing neuro-
psychological testing. (Reprinted with permission from Neurology 1995; 45:212.)
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Components of a Dementia Evaluation

History: Changes in Cognitive and Functional Status

Perhaps the most crucial aspect of establishing the diagnosis of dementia in
a patient is obtaining a detailed history. Most often this requires a reliable in-
formant, such as a family member or friend. The patient’s dementing condi-
tion often prevents the individual from providing an accurate picture of his or
her personal history. The clinician needs to inquire about the patient’s pre-
morbid, baseline cognitive and behavioral status, education, and highest level
of personal achievements. For example, the manifestations of a decline in cog-

Table 1
Criteria for Dementia

DSM-IV Diagnostic Criteria

A. The development of multiple cognitive deficits manifested by both
(1) memory impairment (impaired ability to learn new information or to recall pre-

viously learned information
(2) one (or more) of the following cognitive disturbances:

(a) aphasia (language disturbance)
(b) apraxia (impaired ability to carry out motor activities despite intact motor

function)
(c) agnosia (failure to recognize or identify objects despite intact sensory func-

tion)
(d) disturbance in executive functioning (i.e., planning, organizing, sequencing,

abstracting)
B. The cognitive deficits in Criteria A1 and A2 each cause significant impairment in

social or occupational functioning and represent a significant decline from a previ-
ous level of functioning.

C. The deficits do not occur exclusively during the course of a delirium.

Reprinted with permission from the Diagnostic and Statistic Manual of Mental Disorders, 4th
edn. Washington, D.C.: American Psychiatric Association, 1994.

NINCDS–ADRDA Diagnostic Criteria

A. Decline in memory and other cognitive functions in comparison with the patient’s
previous level of functions as determined by
(1) a history of decline in performance
(2) abnormalities noted on clinical examination
(3) abnormalities noted on neuropsychological tests

B. Diagnosis of dementia cannot be made when consciousness is impaired by delirium,
drowsiness, stupor, or coma or when other clinical abnormalities prevent adequate
evaluation of mental status.

Reprinted with permission from Neurology, 1984; 34:940.
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nitive and functional status will be very different for a person who was highly
educated and held positions of great responsibility compared to a person who
at baseline had borderline intellectual capacities, a grade-school education,
and worked menial jobs. One inquires about changes in mental abilities that
can present as forgetfulness, episodes of getting lost, word-finding difficul-
ties, paraphasic errors, and a tendency for the patient to repeat herself. One
asks about changes in personality, mood, and behavior, including evidence of
sadness, withdrawal, apathy, inappropriateness, impulsivity, irritability, suspi-
ciousness, and altered appetitive behaviors. Is there evidence to suggest hal-
lucinations, illusions, misperceptions, or delusions (e.g., that others are
stealing things from the patient or that one’s spouse is unfaithful)?

Inquiries should be made of observed changes in functional status and daily
living activities including job performance if the patient is still working,
household responsibilities and chores, family finances, self-care, personal hy-
giene, and episodes of incontinence. Informants should also be asked if they
have noted changes in motor functioning such as focal weakness, tremor, stiff-
ness, or gait disturbance. Establishing the onset and temporal pace of changes
in mental state is helpful in elucidating potential underlying disease processes.
When were the cognitive problems first noted? What were their initial fea-
tures? Have the changes been insidiously progressive (suggestive of a degen-
erative disease) or stepwise (more suggestive of vascular insults)? Has the
decline been rapid (suggestive of possible infectious process or toxic meta-
bolic state) or more chronic in nature?

Past Medical History

Past medical history and ongoing medical conditions also may provide clues
about processes contributing to a decline in cognitive functioning. Specifically,
the clinician wants to inquire about a history of cerebrovascular disease, systemic
illness, and risk factors for infections. Also pertinent are current and past med-
ication use, a history of alcohol or substance abuse, major head trauma, depres-
sion or other psychiatric illness, poor nutritional status, and potential exposure to
toxins. Finally, one wants to identify if there is a family history of dementing ill-
ness or other diseases that can affect the central nervous system. If so, what was
the age of onset of the dementia in the family member, the clinical characteristics,
and was there an autopsy that confirmed the suspected underlying pathology?

Mental State Evaluation

A mental state examination is an essential feature of a dementia assess-
ment. This may be the most variable aspect of the evaluation among clini-
cians. There is no consensus among neurologists, psychiatrists, or primary



Current Approaches to the Clinical Diagnosis 35

care physicians of the “best” mental state screening examination or testing
strategy to use. Most would agree on the need to assess the following do-
mains: orientation, attention, recent memory, long-term memory, language,
praxis, visual-spatial functions and executive functions (insight, judgment,
planfulness). It is important for clinicians to have a means of estimating
whether a patient’s performance falls within age-appropriate norms. There
are several standard mental state screening tools that clinicians use, includ-
ing the Mini Mental State Exam (MMSE) (20) and the Blessed Dementia
Scale [Information–Memory–Concentration subset (BDS-IMC)] (21) (Table
2A,B). Such instruments have certain clear advantages including being
brief, standardized, and reasonably well-normed. In addition, there are pub-
lished reports of cutoff values that are adjusted for various ages and educa-
tional backgrounds (22,23). Such tests can serve as a screening device for
dementia or cognitive impairment and provide a measure of intellectual de-
cline over time (24–27). However, they are often insensitive to early, subtle
cognitive impairments, especially in well-educated, highly intelligent indi-
viduals (28). In addition, they are insensitive to late changes in dementia
severity (29). Finally, they serve as global screening devices and provide
very limited information about damage to specific neurocognitive systems
and their associated neuroanatomical networks. Such patterns of cognitive
impairment often provide important information for identifying the most
likely underlying disease processes (30–32) (see Chapter 8). A very poor
performance on a mental state screening test certainly can help identify pa-
tients suffering from a dementing illness. If there is a discrepancy between
an informant’s observations of cognitive and behavioral functioning and the
patient’s performance on mental state tests, it suggests the need for close
follow-up and further investigation with more extensive neuropsychological
testing.

Sensorimotor Examination

The sensorimotor neurological examination does not contribute to making
a diagnosis of dementia per se. However, the pattern of neurological abnor-
malities often point to likely underlying diseases that may be contributing to
the dementing process. For example, a clinician should look for evidence of
upper motor neuron signs (e.g., hemiparesis, asymmetric deep tendon re-
flexes, extensor plantar responses) that would suggest the possibility of stroke
or structural lesion. Extrapyramidal signs would raise the question of
Parkinson’s disease, progressive supranuclear palsy, or Lewy body dementia.
Abnormalities of gait may be associated with cerebrovascular disease,
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Table 2
Two Standard Mental State Screening Tests

A. Blessed Dementia Scale: Information–Memory–Concentration Subtest

Maximum
Score* Score

INFORMATION

2 ( ) What is your (name) (age)?
7 ( ) What is the (time) (time of day) (day) (date) (month) (season)

(year)?
3 ( ) Where are we: (name of place) (street) (town)?
1 ( ) What type of place are we in (e.g. hospital)?
2 ( ) Recognize 2 persons (e.g., relative, doctor, nurse)

PERSONAL MEMORY

4 ( ) What is your (date of birth) (place of birth) (school attended)
(occupation)?

3 ( ) What is the name of (sibling or spouse) (any town where
patient worked) (employer)?

NON-PERSONAL MEMORY

2 ( ) What is the date of (WWI ’14-’18) (WWII ’39-’45)?
2 ( ) Who is the (President) (Vice-President)?

5-MINUTE RECALL

2 ( ) (Mr.) John Brown
2 ( ) 42 West (Street)
1 ( ) Cambridge, (MA)

CONCENTRATION

2 ( ) Months backwards
2 ( ) Counting 1-20
2 ( ) Counting 20-1

___ ____
37

(Reprinted with permission from British Journal of Psychiatry 1968;114).
* One point is given for every error made.

B. Mini-Mental State Examination

Maximum
Score* Score

ORIENTATION

5 ( ) What is the (year) (season) (date) (day) (month)?
5 ( ) Where are we: (state) (country) (town) (hospital (floor)?

REGISTRATION

3 ( ) Name three objects, one second to say each, then ask the
patient to repeat all three after you have said them. Give one

(continued)
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Parkinson’s disease, and normal pressure hydrocephalus. Dysarthria would
alert the clinician to possible extrapyramidal disorders, bilateral strokes, de-
myelinating disease, and motor neuron disease. Sensory abnormalities (e.g.,
peripheral neuropathy) may be associated with B12, other vitamin deficiency
states, thyroid disease, or a paraneoplastic syndrome. Cerebellar signs might
raise concerns about cerebrovascular disease, spinocerebellar degeneration, a
paraneoplastic syndrome, and Creutzfeldt-Jakob disease. In Alzheimer’s dis-
ease, especially early in its course, the sensorimotor examination tends to be
relatively benign. Some researches have pointed out that the presence of ex-
trapyramidal signs in patients with a profile otherwise consistent with
Alzheimer’s disease suggests a worse prognosis (33). Extrapyramidal signs
may indicate the presence of Lewy body variant of AD (34). In general, if a
patient with dementia presents with focal or multifocal neurological signs, the
clinician should investigate diseases other than AD that may be contributing
to the patient’s decline in status.

Table 2 (continued)

Maximum
Score* Score

point for each correct answer. Continue repeating all three
objects until the patient learns all three. Count trials and
record.

ATTENTION AND CALCULATION

5 ( ) Serial 7’s. One point for each correct response. Stop after five
answers. Alternatively, spell “world” backward.

RECALL

3 ( ) Ask for the three objects named in Registration. Give one
point for each correct answer.

LANGUAGE

2 ( ) Name a pencil and watch.
1 ( ) Repeat the following “No ifs, ands, or buts.”
3 ( ) Follow a 3-stage command: “Take paper in your right hand,

fold it in half, and put it on the floor.”
1 ( ) Read and obey the following: CLOSE YOUR EYES.
1 ( ) Write a sentence.
1 ( ) Copy a design.

___ ____
30

(Reprinted with permission from Journal of Psychiatric Research 1975;12).
*One point is given for every correct response.
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Laboratory Studies

Laboratory studies help to rule out potentially reversible causes of demen-
tia. Initially, the literature suggested that reversible dementias occurred in
10–15% of cases; however, recent reports have pointed to a lower frequency
(35–38). The practice parameters of the American Academy of Neurology
(14) recommend that a workup include the following: complete blood count,
electrolytes, calcium, glucose, BUN, creatinine, liver function tests, thyroid
function tests, B12, and syphilis serology. Many would also include a sedi-
mentation rate, urinalysis, and chest radiograph. A patient’s history should
help guide other tests that may need to be ordered. For example, a patient with
a long history of smoking should have a chest radiograph if none has been
done recently. Someone with a history of high-risk sexual behaviors or expo-
sure to intravenous drugs should have HIV testing. Patients who may have
been exposed to industrial toxins at work should be considered for 24-hour
urine collection for heavy metals. Currently, acquisition of ApoE genotyping
is not recommended for routine evaluations (39–43) and is discussed more
thoroughly in Chapter 5.

Neuroimaging

Traditionally, neuroimaging [computed tomography (CT) scan or magnetic
resonance imaging (MRI)] has been used to rule out potential structural abnor-
malities that may be causing or contributing to a decline in cognitive function-
ing. Specifically, the clinician is looking for evidence of tumor, subdural
hematoma, hydrocephalus, large and small vessel strokes, and white matter dis-
ease. The MRI is much more sensitive than CT in detecting abnormalities in
white matter (44), although the clinical significance of such white matter
changes is often unclear (45). Atrophy is common in degenerative dementias
such as Alzheimer’s disease. However, such a finding is not diagnostic and can-
not clearly distinguish demented patients from those undergoing normal aging
(46). Structural lesions, such as tumor, hydrocephalus, or subdural hematomas,
are reported to be relatively uncommon in several recent series of patients being
evaluated at out-patient dementia clinics (36,37,47). By contrast, Bradshaw and
colleagues (48) identified structural lesions in almost 10% of patients being
evaluated for dementia, including 5% who had no associated focal signs or
symptoms. Furthermore, Katzman (49) has noted that the incidence of structural
lesions tends to be higher in large autopsy series of demented patients than in
studies of patients being evaluated by outpatient dementia clinics. He raises the
possibility of a selection bias in the outpatient series. Patients with structural le-
sions may have been identified by CT scan in the community and referred to a
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neurosurgeon rather than to a dementia clinic. Many would advocate that ob-
taining neuroimaging is worth the expense because structural lesions repre-
sent potentially treatable entities (49). Others have argued against the routine
acquisition of neuroimaging in patients with an insidiously progressive de-
mentia beginning after the age of 60, who lack focal signs or symptoms,
seizures or gait disturbance (37,47). In fact, the American Academy of
Neurology practice parameters do not designate neuroimaging as “standard
procedure” but leaves it up to the judgment of the individual clinician (14).

Recent approaches to identifying patients with Alzheimer’s disease using
morphometric analysis of temporal lobe structures are discussed in Chapter 6.
PET, SPECT, and functional MRI are currently not part of a routine dementia
workup. Their potential usefulness is discussed in Chapter 7. In current clini-
cal practice, functional imaging may be particularly helpful in the workup of
dementias with atypical presentations. Such studies can support the diagnosis
of degenerative diseases that are less common than Alzheimer’s disease such
as a frontotemporal dementia, which is associated with hypoperfusion in the
anterior regions of the brain (50–52).

Neuropsychological Testing

Formal neuropsychological tests also are not part of the routine workup of
patients with possible dementia. Such testing can provide a quantitative as-
sessment of a range of cognitive domains. Establishing a patient’s perfor-
mance during an initial assessment allows for quantitative measurement of
decline in cognitive status over time. Progressive impairments of cognitive
abilities, especially if they exceed age-matched norms, are very suggestive of
an underlying dementing process. Neuropsychological assessment is particu-
larly helpful for a patient whose results on an initial evaluation and mental
state screen are ambiguous, and the suspicion of an early dementing process
remains. Such assessment can help establish areas of cognitive impairment
before decline in functional status that accompanies clinical dementia. As
noted, certain patterns of cognitive impairment have implications for which
neuroanatomical networks are likely disturbed by the underlying disease
process, which in turn have implications about the most likely underlying eti-
ology (30–32) (see Chapter 8). For example, patients with probable AD whose
pathology often begins in the temporolimbic cortex that subserves memory
tend to demonstrate significant impairments in the realm of memory before
crossing the “threshold” into a clinical dementia (53–58).

Neuropsychological assessment also can be extremely helpful in patients
whose baseline cognitive and educational status was in either the very supe-
rior or borderline range. There are strategies for estimating premorbid cogni-
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tive abilities against which to compare current intellectual functioning
(59,60). Education-adjusted norms are available for some cognitive tests
(61,62). Unexpected or excessive scatter in performance on different cognitive
tests raises questions about a patient’s current intellectual status that would re-
quire monitoring. Finally, neuropsychological tests are also particularly help-
ful in documenting atypical patterns of dementia, in which, for example,
memory problems are not the most salient feature.

CSF Evaluation

Lumbar puncture with cerebrospinal fluid (CSF) analysis is no longer part
of the routine evaluation of dementia. This procedure is appropriate if there
are concerns about any of the following: CNS infection (e.g., fever,
headache), carcinomatous meningitis, reactive syphilis serology, subacute
onset, or other atypical presentations of dementia, or if dementia occurs under
the age of 50 (14,63,64). In addition, lumbar puncture is indicated when there
is evidence that a patient may be suffering from an inflammatory or vasculitic
process or when the patient is immunosuppressed. A recent report suggested
that the diagnosis of Creutzfeldt-Jakob disease could be confirmed with rea-
sonably high sensitivity and specificity in demented patients without a history
of recent infarction or encephalitis who were found to have the protein 14-3-
3 in their CSF (65, 65a, 65b, 65c). The potential usefulness of CSF levels of
tau protein, �-amyloid, or �1-antichymotrypsin for the diagnosis of
Alzheimer’s disease are discussed in Chapter 9.

EEG

An electroencephalogram (EEG) is also not currently part of a standard de-
mentia evaluation. Although the EEG of a demented patient often reveals a
slowed background, this pattern lacks specificity. It can also be seen in “nor-
mal” aging and be found in a variety of dementing illnesses. Quantitative EEG
analysis has pointed to patterns of abnormal electrical activity that are seen
more commonly in Alzheimer’s disease than normal aging (66,67). However,
to date such analyses have not yielded sufficient sensitivity and specificity to
justify the routine use of such tests in the diagnostic evaluation of dementia
(68). It may turn out that the overlap in findings between AD patients and nor-
mal aging controls in quantitative EEG and other tests is largely due to the fact
that some of the “normal” subjects had underlying AD pathology that dis-
rupted normal functioning without yet causing a clinical dementia. As with
many other techniques, ordering an EEG should be guided by the history and
neurological examination. Specifically, an EEG is helpful in evaluating for
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possible toxic-metabolic encephalopathy, seizures, encephalitis, or Creutzfeldt-
Jakob disease (69,70).

Cerebral Biopsy

Currently, brain biopsy in patients with dementia is pursued very infre-
quently. In experienced centers, mortality is probably under 1% and postopera-
tive morbidity is relatively low (70–72). However, most clinicians would not
recommend such an invasive procedure unless the results would lead to a
change in the therapy or management of the individual patient. Thus, biopsy is
considered in cases in which there is a concern about possible atypical infec-
tious, inflammatory, vasculitic, or demyelinating processes. Unfortunately,
20–25% of cerebral biopsies for dementia do not yield a specific diagnosis (70).

First Major Decision Point: 
Abnormal Versus Normal Status

The evaluation of dementia can proceed in a relatively orderly fashion. The
first major task is to determine if a patient is exhibiting abnormal cognitive
abilities and a decline in function. As noted, an appreciation of the patient’s
baseline mental state and achievements is crucial in making such an assess-
ment. In addition, a clinician needs to be aware of changes associated with nor-
mal aging to determine whether a patient exceeds these bounds. On average,
many cognitive functions decline in later life, including speed of mental pro-
cessing and responding, digit span, visual-perceptual abilities, mental flexibil-
ity and abstractions (73–76). Acquisition of the new information also is
diminished. However, once encoded, there does not tend to be a significant loss
of information over time regardless of a patient’s level of education (77).

Most importantly, these age-related cognitive changes do not lead to sig-
nificant interference with the maintenance of an independent and productive
life. The mental state screening tests discussed earlier are a means of rapidly
assessing a patient’s current level of performance and can be compared to es-
tablished norms. If the patient’s performance on mental state examination is
borderline or questionable, or if by history the patient appears to be exhibit-
ing a decline in functioning, even with an apparently normal screening men-
tal status examination, the provider should strongly consider formal
neuropsychological tests and arrange follow-up in 6 to 12 months to assess
whether the decline is progressive.

If there is clear evidence of cognitive impairments, the next task is to deter-
mine if the mental state changes reflect a delirium, altered sensorium, or acute
confusional state. The salient abnormality in such conditions is inattention, in
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which the patient exhibits an inability to maintain a coherent stream of thought
or behavior. The most common etiology of an acute confusional state in the el-
derly is a toxic-metabolic encephalopathy due to side effects from medications,
systemic illness, or end organ failure. As noted, a diagnosis of dementia is in-
appropriate if mental state changes occur in the setting of an acute confusional
state. Clinicians need to treat the underlying conditions and reevaluate the pa-
tient’s mental capacities once the confusional state has resolved. Of particular
note, demented individuals are themselves very vulnerable to developing acute
confusional states (78,79). They are exquisitely sensitive to a perturbation of
their internal or external environments. This condition has been called a “be-
clouded dementia,” indicating that there is a delirium superimposed upon an un-
derlying dementia (80). Such individuals never return to a “normal” cognitive
state. Obtaining a careful history regarding the patient’s recent “baseline” status
(before becoming more acutely confused) can be very informative. Specifically,
one wants to know if the change in mental state emerged against a background
of a previously well-functioning or cognitively compromised individual.

Second Major Decision Point:
Differential Diagnosis

Once the diagnosis of dementia has been made, the clinician needs to estab-
lish the most likely underlying etiology of the condition. Traditionally, this in-
volves trying to “rule out” potentially treatable or reversible etiologies of
dementia that may be identified by the workup discussed earlier. Specifically,
one aims to exclude encephalopathies due to metabolic problems (e.g., thyroid
deficiency) or side effects from medications, CNS infections, vitamin defi-
ciencies, or structural lesions (e.g., hydrocephalus, tumor, subdural
hematoma). These conditions tend to account for small percentage of patients
presenting with dementia (36–38). When these conditions have been excluded,
the two largest remaining disease categories are the degenerative dementias (of
which Alzheimer’s disease is by far the most common) and vascular dementia.

Major Patterns of Dementia

Diagnostic accuracy may be improved if the clinician is also attentive to the
pattern of mental state dysfunction exhibited by a patient, which within the
context of the patient’s specific history, point to a circumscribed set of disease
processes that are most likely to be contributing (30,31). By employing this
strategy, the clinician not only attempts to “rule out” certain entities but also
to identify clinical patterns with a high likelihood of being associated with
specific kinds of underlying pathologies.
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Progressive Amnestic Dementia 
(Probable Alzheimer’s Disease)

The most common pattern is a progressive amnestic dementia, in which de-
terioration in memory functions is the salient feature. The course is insidi-
ously progressive, with memory impairments usually being the initial source
of disruption of daily activities. Informants often provide a history of pro-
gressive problems with recalling recent events, misplacing objects, repeating
questions, becoming disoriented or lost, producing the wrong words, or ex-
hibiting fluent but “empty” speech. Early on, there may be subtle changes in
personality in the form of increased disengagement or withdrawal from activ-
ities, but grossly inappropriate behaviors are unusual (81,82).

On mental state testing, the dominant problems involve the storage, reten-
tion or retrieval components of memory. Language and visuospatial functions
also are usually abnormal and over time insight, attention and executive func-
tions deteriorate. Atrophic changes on CT or MRI are most common. When
functional imaging is done, the most likely pattern reflects abnormalities in
temporoparietal regions bilaterally.

This dementia profile is the most frequent one seen in the elderly and is
most often associated with the plaque and tangle pathology of Alzheimer’s
disease. The National Institute of Neurological and Communicative Disorders
and Stroke-Alzheimer’s Disease and Related Disorders Association
(NINCDS–ADRA) (10) has codified the clinical criteria associated with the
high likelihood of Alzheimer’s pathology (Table 3). The major elements
defining “probable Alzheimer’s disease” (PrAD) include:

1. Presence of dementia
2. Progressive worsening of memory and other cognitive functions
3. Deficits in two or more areas of cognition
4. No disturbance of consciousness
5. Age of onset between 40 and 90
6. Absence of systemic or CNS disorders that could account for the dementia

The diagnosis of “possible Alzheimer’s disease” is appropriate when a patient
exhibits an atypical presentation or clinical course, progressive decline of a sin-
gle cognitive deficit, or in the presence of a second systemic or brain disorder
sufficient to produce the dementia that is not considered to be the cause of the
dementia. “Definite Alzheimer’s disease” can only be diagnosed when in life the
patient had met criteria for probable Alzheimer’s disease and at autopsy (or by
biopsy) there is appropriate histopathological evidence of Alzheimer’s pathol-
ogy. DSM-IV criteria for “dementia of the Alzheimer’s type” (DAT) are simi-
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Table 3
NINCDS-ADRDA Criteria for Clinical Diagnosis of Alzheimer’s Disease

I. The criteria for the clinical diagnosis of probable Alzheimer’s disease include:
1. Dementia established by clinical examination and documented by the Mini-

Mental State Test, Blessed Dementia Scale, or some similar examination, and
confirmed by neuropsychological tests

2. Deficits in two or more areas of cognition
3. Progressive worsening of memory and other cognitive functions
4. No disturbance of consciousness
5. Onset between ages 40 and 90, most often after age 65
6. Absence of systemic disorders or other brain diseases that in and of them-

selves could account for the progressive deficits in memory and cognition
II. The diagnosis of probable Alzheimer’s disease is supported by:

1. Progressive deterioration of specific cognitive functions such as language
(aphasia), motor skills (apraxia), and perception (agnosia)

2. Impaired activities of daily living and altered patterns of behavior
3. Family history of similar disorders, particularly if confirmed neuropathologi-

cally
4. Laboratory results of:

a. Normal lumbar puncture as evaluated by standard techniques
b. Normal pattern or nonspecific changes in EEG, such as increased slow-

wave activity
c. Evidence of cerebral atrophy on CT with progression documented by serial

observation
III. Other clinical features consistent with the diagnosis of probable Alzheimer’s 

disease, after exclusion of causes of dementia other than Alzheimer’s disease 
include:
1. Plateaus in the course of progression of the illness
2. Associated symptoms of depression, insomnia, incontinence, delusions,

illusions, hallucinations; catastrophic verbal, emotional, or physical outbursts;
sexual disorders; and weight loss

3. Other neurologic abnormalities in some patients, especially those with more
advanced disease and including motor signs such as increased muscle tone,
myoclonus, or gait disorder

4. Seizures in advanced disease
5. CT normal for age

IV. Features that make the diagnosis of probable Alzheimer’s disease uncertain or un-
likely include:
1. Sudden, apoplectic onset
2. Focal neurological findings such as hemiparesis, sensory loss, visual field

deficits, and incoordination early in the course of the illness
3. Seizures or gait disturbances at the onset or very early in the course of the ill-

ness
V. Clinical diagnosis of possible Alzheimer’s disease:

1. May be made on the basis of the dementia syndrome; in the absence of other

(continued)
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lar to the NINCDS–ADRDA criteria. First, one needs to ensure that a patient fits
the criteria for dementia as noted on Table 1. Furthermore, according to DSM-
IV, the course of DAT is characterized by gradual onset, continuing cognitive
decline, and is not due to other CNS or systemic conditions that cause progres-
sive deficits in memory and cognition (Table 4).

Other degenerative diseases that have been associated with a progressive
amnestic dementia include diffuse Lewy body disease, Pick’s disease, and
focal neuronal atrophy (34,83–85). However, these pathological processes are
much less common than Alzheimer’s disease. In addition, there are a number
of nondegenerative processes that have been associated with the “amnestic
syndrome.” Most often, however, these are not progressive processes. They
include anoxia, carbon monoxide poisoning, posterior cerebral artery strokes,
anterior cerebral artery aneurysm with bleed or surgery, Korsakoff’s syn-
drome, head trauma, and herpes encephalitis.

Dementias With a Prominent
Dysexecutive Syndrome

A second major dementia pattern involves patients who exhibit salient
changes in personality and behavior, accompanied by compromised attention,
motivation, judgment, insight, and other “executive” functions. This clinical
entity has been given several names including frontotemporal dementia (FTD),
dementia of the frontal lobe type, and comportmental dementia (30,50,86–88).

Table 3 (continued)

neurological, psychiatric, or systemic disorders sufficient to cause dementia;
and in the presence of variations in the onset, presentation, or clinical course

2. May be made in the presence of a second systemic or brain disorder sufficient
to produce dementia, which is not considered to be the cause of the dementia

3. Should be used in research studies when a single, gradually progressive, se-
vere cognitive deficit is identified in the absence of other identifiable cause

VI. Criteria for diagnosis of definite Alzheimer’s disease are:
1. The clinical criteria for probable Alzheimer’s disease
2. Histopathologic evidence obtained from a biopsy or autopsy

VII. Classifications of Alzheimer’s disease for research purposes should specify 
features that may differentiate subtypes of the disorder, such as:
1. Familial occurrence
2. Onset before age 65
3. Presence of trisomy-21
4. Coexistence of other relevant conditions such as Parkinson’s disease

Reprinted with permission from Neurology 1984;34:940.
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In addition, there are overlapping features with the so-called “subcortical de-
mentias” (89,90). This overlap is likely due to the intense connections between
the frontal lobes and subcortical regions (91,92), as noted in Figure 2.

A history from a reliable informant often reveals major changes in the pa-
tient’s personality and social conduct, with inappropriate, embarrassing, or
impulsive behaviors. Such disruptions often punctuate behaviors that are oth-
erwise characterized by apathy and withdrawal. Changes in appetitive behav-
ior such as eating or sexual activity are common. Patients tend to present in
the presenile years (less than 65 years of age). Mental state examination often
reveals compromise of the so-called executive functions, including attention,
judgment, and insight. Compared to patients with probable AD, patients with

Table 4
DSM-IV Diagnostic Criteria for Dementia of the Alzheimer’s Type

A. The development of multiple cognitive deficits manifested by both
(1) memory impairment (impaired ability to learn new information or to recall pre-

viously learned information)
(2) one (or more) of the following cognitive disturbances:

(a) aphasia (language disturbance)
(b) apraxia (impaired ability to carry out motor activities despite intact motor

function)
(c) agnosia (failure to recognize or identify objects despite intact sensory 

function)
(d) disturbance in executive functioning (i.e., planning, organizing, sequencing,

abstracting)
B. The cognitive deficits in Criteria A1 and A2 each cause significant impairment in

social or occupational functioning and represent a significant decline from a previ-
ous level of functioning.

C. The course is characterized by gradual onset and continuing cognitive decline.
D. The cognitive deficits in Criteria A1 and A2 are not due to any of the following:

(1) other central nervous system conditions that cause progressive deficits in 
memory and cognition (e.g., cerebrovascular disease, Parkinson’s disease,
Huntington’s disease, subdural hematoma, normal-pressure hydrocephalus,
brain tumor)

(2) systemic conditions that are known to cause dementia (e.g., hypothyroidism 
vitamin B12 or folic acid deficiency, niacin deficiency, hypercalcemia,
neurosyphilis, HIV infection)

(3) substance-induced conditions
E. The deficits do not occur exclusively during the course of a delirium.
F. The disturbance is not better accounted for by another Axis I disorder (e.g., Major

Depressive Disorder, Schizophrenia).

Reprinted with permission from the Diagnostic and Statistical Manual of Mental Disorders,
4th edn. American Psychiatric Association, 1994.
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frontotemporal dementia reportedly do better on tests of constructions and
calculations (93). Performance in other realms may also be impaired because
of a lack of motivation or mental activation. Memory is compromised mainly
at the encoding or retrieval stages. With cueing, recognition memory is often
relatively well preserved. There is diminished spontaneous verbal output that
over time may progress to mutism. CT or MRI tend to show involutional
changes in the frontal regions and functional imaging may show diminished
perfusion in frontal lobes and anterior temporal regions (50,51). The Lund and
Manchester research groups have proposed specific criteria for the diagnosis
of frontotemporal dementia, based on behavioral, affective, and cognitive im-
pairments and the results of investigations (50). Table 5 summarizes the diag-
nosis criteria. The frontotemporal dementias reportedly account for 10–20%
of cases of degenerative dementias (87). A recent epidemiological study of the
Dutch population suggested that 38% of patients with FTD had a strong fam-
ily history of dementia (vs. 15% of controls) (93a). Approximately 43% of
FTD patients with a family history of dementia were found to have a mutation
in the tau gene located on chromosome 17 (93b). Intense interest has devel-
oped in investigating the relationship between non-Alzheimer’s degenerative
dementias and abnormalities linked to chromosome 17 (93c).

On a pathological plane, this dementia syndrome is most often associated
with marked atrophy of the frontal lobes and anterior temporal regions and his-
tologically with neuronal loss and gliosis (30,88). Also, 20% of cases also have
Pick bodies and ballooned cells, which are pathognomonic for Pick’s disease
(88). The preponderance of pathology in the frontal lobes and anterior tempo-
ral regions accounts for the profile of cognitive and personality changes. This
pattern of dementia is rarely associated with the plaque and tangle pathology
that defines Alzheimer’s disease (88). Lewy body dementia (in which there is
widespread distribution of Lewy bodies in brainstem, basal forebrain, and cor-
tex) can present with prominent behavioral changes and has recently been re-

Fig. 2. Schematic view of the frontal networks.
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Table 5
Lund/Manchester Criteria: Clinical Diagnostic Features 
of Frontotemporal Dementia

CORE DIAGNOSTIC FEATURES
Behavioral disorder

Insidious onset and slow progression
Early loss of personal awareness (neglect of personal hygiene and grooming)
Early loss of social awareness (lack of social tact, misdemeanors such as shoplift-

ing)
Early signs of disinhibition (such as unrestrained sexuality, violent behavior, inap-

propriate jocularity, restless pacing)
Mental rigidity and inflexibility
Hyperorality (oral/dietary changes, overeating, food fads, excessive smoking and

alcohol consumption, oral exploration of objects)
Stereotyped and perseverative behavior (wandering, mannerisms such as clapping,

singing, dancing, ritualistic preoccupation such as hoarding, toileting, and dress-
ing)

Utilization behavior (unrestrained exploration of objects in the environment)
Distractibility, impulsivity, and impersistence
Early loss of insight into the fact that the altered condition is due to a pathological

change of own mental state

Affective symptoms
Depression, anxiety, excessive sentimentality, suicidal and fixed ideation, delusion

(early and evanescent)
Hypchondriasis, bizarre somatic preoccupation (early and evanescent)
Emotional unconcern (emotional indifference and remoteness, lack of empathy

and sympathy, apathy)
Amimia (inertia, aspontaneity)

Speech disorder
Progressive reduction of speech (aspontaneity and economy of utterance)
Stereotypy of speech (repetition of limited repertoire of words, phrases, or themes)
Echolalia and perseveration
Late mutism

Spatial orientation and praxis preserved
(intact abilities to negotiate the environment)

Physical signs
Early primitive reflexes
Early incontinence
Late akinesia, rigidity, tremor
Low and labile blood pressure

Investigations
Normal EEG despite clinically evident dementia
Brain imaging (structural or functional, or both): predominant frontal or anterior 

temporal abnormality, or both

(continued)
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ported as a fairly common form of degenerative dementia with autopsy series
suggesting that it may be seen in 15–25% of cases (94–96). Lewy body de-
mentia has been associated with fluctuating cognitive impairment, transient
episodes of marked confusion, a high incidence of visual and/or auditory hal-
lucinations and delusions. It is most often accompanied by extrapyramidal
signs or heightened sensitivity to a neuroleptic medication.

Dementias that exhibit prominent impairments in attention and executive
functioning probably have the widest differential diagnosis and constitute
many of the potentially reversible conditions. Table 6 provides a list of non-
degenerative diseases with prominent changes in attention and behavior that
includes the dementia of depression (also known as “pseudodementia”). It has

Table 5 (continued)

Neuropsychology (profound failure on “frontal lobe” tests in the absence of severe
amnesia, aphasia, or perceptual spatial disorder)

SUPPORTIVE DIAGNOSTIC FEATURES
Onset before 65
Positive family history of similar disorder in a first degree relative
Bulbar palsy, muscular weakness and wasting, fasciculations (motor neuron dis-

ease).

DIAGNOSTIC EXCLUSION FEATURES
Abrupt onset with ictal events
Head trauma related to onset
Early severe amnesia
Early spatial disorientation, lost in surroundings, defective localization of objects
Early severe apraxia
Logoclonic speech with rapid loss of train of thought
Myoclonus
Cortical bulbar and spinal deficits
Cerebellar ataxia
Choreoathetosis
Early, severe pathological EEG
Brain imaging (predominant postcentral structural or functional deficit. Multifocal

cerebral lesions on CT or MRI)
Laboratory tests indicating brain involvement or inflammatory disorder (such as

multiple sclerosis, syphilis, AIDS, and herpes simplex encephalitis)

RELATIVE DIAGNOSTIC EXCLUSION FEATURES
Typical history of chronic alcoholism
Sustained hypertension
History of vascular disease (such as angina, claudication)

Reprinted with permission from the Journal of Neurology, Neurosurgery and Psychiatry
1994;57:416–418.
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been estimated that the dementia of depression accounts for about 5% of de-
mentias in general and about 25% of the potentially reversible causes of de-
mentia (36). On mental state examination, there are often impairments in
attention, concentration, processing speed, and spontaneous behavioral out-
put. Motivation tends to be limited and the patient may complain of not know-
ing the answers, rather than offering incorrect responses. Difficulties with
memory tend to be at the level of encoding and for some retrieval, with rela-
tively preserved recognition memory after delay. There is no aphasia, al-
though word retrieval may be slow. Somatic complaints are not uncommon.
There may or may not be vegetative symptoms or past psychiatric history of
depression. Clinicians should have a low threshold for treating depression,
preferably with medications like the serotonin reuptake inhibitors (SSRIs) that
have relatively low anticholinergic side-effects. Unfortunately, some patients
who initially present with depression go on to exhibit a progressive dementia
despite appropriate treatment for their mood disorder (97–99). In such cases,
the depression was probably an early manifestation of their degenerative
process. It has been shown that patients suffering from degenerative demen-
tias are at increased risk for developing symptoms of depression that often
manifest themselves early in the course of their illness (100–102).

Dementia Associated with Sensorimotor Signs

A third major pattern in dementia is one in which cognitive decline is accom-
panied by sensory and motor signs. Most often, the salient mental state changes
of these dementias also involve complex attention, behavior, and personality.
Changes in executive functions are not universal, but depend on where the brunt
of the neuropathology is located. Table 7 lists a number of disease processes that
tend to have this dementia profile. The disease entity in this category with the
highest prevalence is vascular dementia. Unfortunately, it is not uncommon for
clinicians to “automatically” render the diagnosis of vascular dementia after a de-
mented patient’s MRI or CT scan returns with some evidence of strokes or small
vessel disease. Many autopsy series suggest that the accuracy of clinical diag-
noses of vascular dementia can be quite low (21–82%) (103,104). A large per-

Table 6
Nondegenerative Disease With Prominent Changes in Attention and Behavior

Toxic-metabolic disease (e.g., hypothyroidism, or side effects from medications)
Alcohol-related dementia
Space-occupying lesions (especially to the frontal lobe, such as subdural hematoma or

tumor)
The dementia of depression (also known as “pseudodementia”)
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centage of patients diagnosed with vascular dementia are determined at autopsy
to have Alzheimer’s pathology, with or without significant cerebrovascular in-
sults (105,106). Although earlier reports of the prevalence of vascular dementia
varied widely, recent reviews suggest a prevalence in the United States of around
10% (15,70,107). Symptoms of dementia are reportedly more likely to develop
after a critical volume of tissue is infarcted (over 50 mL) or if small strokes are
strategically placed that disrupt cognitive abilities (108). Table 8 summarizes the
DSM-IV diagnostic criteria for vascular dementia. Diagnosis of vascular de-
mentia is supported by the sudden development of impairments in one or more
cognitive domains, a stepwise deteriorating course, focal neurological signs, risk
factors for stroke, and a history or imaging evidence of strokes.

If a patient has a history of an insidiously progressive amnestic dementia
and is found to have a stroke with sensorimotor signs, a clinician should still
consider the diagnosis Alzheimer’s disease as likely, but recognize that the
cerebrovascular disease may be making an additional contribution to the pa-
tient’s cognitive impairments. Strokes may reduce “cognitive reserve” in pa-
tients and lead to earlier, more dramatic presentations of clinical problems in
patients with underlying AD pathology (109). A diagnosis of vascular de-
mentia is probably most tenuous in a demented patient with prominent mem-
ory problems, no history suggestive of clinical strokes, and an MRI scan that
reveals mild white matter changes and a few T2 signal abnormalities.

As noted on Table 7, there are numerous dementias that are associated with
sensorimotor signs of which we will briefly mention HIV associated demen-
tia, neurosyphilis, normal pressure hydrocephalus, multiple sclerosis, and ex-
trapyramidal syndromes. These dementias tend to present with apathy, social
withdrawal, blunted affect, diminished behavioral output, and compromised
attention. For example, changes in mental state changes can be the presenting

Table 7
Dementias Associated With Sensorimotor Signs

Vascular dementia
Infection (e.g., HIV, syphilis, Creutzfeldt-Jacob disease)
Metabolic abnormalities (e.g., B12 deficiency)
Inherited disorders of metabolism (e.g., metachromatic leukodystrophy, Kuf’s disease)
Normal pressure hydrocephalus
Multiple sclerosis
Inflammatory/autoimmune disease (e.g., SLE)
Degenerative diseases with extrapyramidal features (e.g., Parkinson’s disease,

Huntington’s disease, progressive supranuclear palsy, and Wilson’s disease)
Motor neuron disease with frontotemporal dementia
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symptoms of HIV infection, although much more commonly there are sys-
temic signs to point to this diagnosis (110,111). Peripheral neuropathy and
myelopathy are also commonly seen in HIV infection. The pathology associ-
ated with tertiary syphilis tends to be most severe in the frontal and temporal
lobes, with associated personality changes, impaired judgment, and altered
mood (112,113). Sensorimotor abnormalities commonly accompany the de-
mentia, including dysarthria and changes in gait and reflexes.

Normal pressure hydrocephalus (NPH) is believed to account for about
10% of the reversible dementing illnesses (36). The well-known triad associ-
ated with NPH includes gait disturbance, incontinence, and progressive de-
cline in cognitive functioning (114). The pattern of mental state changes seen
in NPH usually involves slowed processing speed, impaired complex atten-
tion, and diminished executive functioning (115–117). Aphasia and apraxia
are unusual and would suggest other contributing etiologies. There is ongoing
debate about the best strategies for identifying patients who will benefit most
from the placement of a shunt. Normal-sized sulci, periventricular edema,
CSF flow void on MRI in the cerebral aqueduct, third and fourth ventricles,

Table 8
DSM IV Diagnostic Criteria for Vascular Dementia

A. The development of multiple cognitive deficits manifested by both
1) memory impairment (impaired ability to learn new information or to recall pre-

viously learned information)
2) one (or more) of the following cognitive disturbances:

(a) aphasia (language disturbance)
(b) apraxia (impaired ability to carry out motor activities despite intact sensory

function)
(c) agnosia (failure to recognize or identify objects despite intact sensory 

function)
(d) disturbance in executive functioning (i.e., planning, organizing, sequencing,

abstracting)
B. The cognitive deficits in Criteria A1 and A2 each cause significant impairment in

social or occupational functioning and represent a significant decline from a previ-
ous level of functioning.

C. Focal neurological signs and symptoms (e.g., exaggeration of deep tendon reflexes,
extensor plantar response, pseudobulbar palsy, gait abnormalities, weakness of an
extremity) or laboratory evidence indicative of cerebrovascular disease (e.g., multi-
ple infarctions involving cortex and underlying white matter) that are judged to be
etiologically related to the disturbance.

D. The deficits do not occur exclusively during the course of a delirium.

Reprinted with permission from the Diagnostic and Statistical Manual of Mental Disorders,
4th edn, American Psychiatric Association, 1994.
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and clinical response to the removal of approximately 30 mL of CSF have
been reported to be predictive of better outcomes (118–120). Cisternography
does not appear to add much to the information obtained by clinical history
and imaging studies (121).

Patients with multiple sclerosis often suffer from cognitive, emotional, and
behavioral problems that tend to add to their disability and problems func-
tioning at home and work (122–124). Dementia has been reported in up to a
third of patients with Parkinson’s disease (125–128). Some patients have co-
existing Alzheimer’s pathology, which probably accounts for their decline in
mental state functioning. Others present with a disruption of frontal networks
(“subcortical dementia syndrome”) with bradyphrenia, impaired activation,
and forgetfulness. These difficulties may reflect diminished dopamine avail-
ability to caudate nucleus and prefrontal regions. Medications and coexisting
depression also may play an important role. Huntington’s disease, progressive
supranuclear palsy, and Wilson’s disease all have associated mental state
changes, which in part reflect the disruption of frontal networks
(89,129–136). The associated extrapyramidal features tend to point to the di-
agnosis in these cases. From 2% to 3% of patients with motor neuron disease
present with dementia that has nearly identical features to the frontotemporal
dementia that was described earlier (137,138).

Progressive Focal Neuropsychological Deficits

The last major dementia pattern involves progressive neuropsychological
deterioration that remains relatively well circumscribed and without promi-
nent memory problems at least in the first 2 years of the illness (30,139).
These rare entities serve to remind us that degenerative processes are often
relatively selective in their distribution of pathology early in their course. The
clinical symptomatology associated with these dementia profiles can be inter-
preted as reflecting the relatively focal distribution of pathological damage to
the nervous system. Primary progressive aphasia has received the most atten-
tion (139–145). Other degenerative diseases within this dementia category
have been termed slowly progressive apraxia, progressive prosopagnosia, pro-
gressive semantic dementia, and posterior cortical atrophy (146–153).

Summary

This chapter has reviewed the clinical approach to the evaluation of a de-
mented patient. The major branching points along the decision tree of working
up the patient were reviewed. We emphasized the importance of clinical judg-
ment in this process, which depends so heavily on a detailed history, mental
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status examination, and neurological assessment. We discussed the value of a
variety of laboratory tests used by clinicians to assess potentially reversible
contributions to a patient’s decline in mental state and functional status and
noted some of the controversies that have arisen over their cost:benefit ratio.

The chapter reviewed diagnostic criteria, guidelines, and practice parameters
offered by major clinical and research bodies. In studies that have employed
such guidelines, the accuracy rates for the diagnosis of probable Alzheimer’s
disease has ranged from 64% to 100%, as determined at autopsy using a vari-
ety of standard neuropathological criteria (1,12,30,154–159). Most of the stud-
ies achieved a positive predictive value in the mid to high 80s. Such results are
very encouraging and are as good as or better than those yielded by many of
the experimental diagnostic strategies being investigated. In fact, most of the
experimental diagnostic assays have used clinical research criteria as a provi-
sional “gold standard” to diagnose their patients with AD, presumably until a
large enough series of their patients has been brought to autopsy.

Limits of Current Approaches to the Clinical
Evaluation of Alzheimer’s Disease

If using standard clinical tools can yield such high accuracy rates for diagno-
sis of AD, why is there a need for other approaches? This important question
can be addressed in several ways. First, we are unaware of any systematic study
regarding the extent to which most practitioners actually follow the guidelines
reviewed in this chapter. There is likely to be a gap between the practice patterns
of clinician-researchers in Alzheimer’s disease centers and physicians in the
community. Practitioners in research centers see a very large volume of de-
mented patients. The impressive accuracy rates reported by such centers may
not be due to the fact that the clinicians followed standard guidelines. Rather
these particular clinicians may have a wealth of experience upon which they de-
veloped the kind of clinical expertise that yields excellent diagnostic results.
The extension of such expertise into the community is an important goal, but
one that may be very difficult to achieve. We suspect that clinicians in these cen-
ters devote more time than average to patients and their families and obtain a de-
tailed history, mental state, and neurological examination. Patients in such
centers tend to be followed closely over time. The pattern that emerges with lon-
gitudinal evaluations can confirm the initial diagnostic impressions or raise
questions about the patient’s profile that would lead to even closer scrutiny.
Autopsies are often sought, which allows feedback to clinicians on the accuracy
of their diagnoses. This kind of intensive, time-consuming review process is un-
likely to be carried out in the average community practice.
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The accuracy rates in the community have not been as high as in research
centers dedicated to the study of Alzheimer’s disease and related clinical enti-
ties (160). Moreover, autopsy studies on the accuracy of clinical diagnoses in
settings that have not utilized careful diagnostic criteria have revealed success
rates as low as 55% (5). Given the prevalence of Alzheimer’s disease, such a
low “hit-rate” suggests a diagnostic accuracy of close to chance. Many of these
studies were done during an era in which there was less awareness about the
criteria for dementia in general and AD specifically (16,70). Presumably, cur-
rent accuracy rates would be better, although the economic pressures of mod-
ern medicine that encourage clinicians to spend less time with patients than in
the past may counter trends toward improvement in diagnosis.

With the exception of the report by Morris and colleagues (156), most autopsy
series that have demonstrated very high diagnostic accuracy rates have studied
patients who were in the moderate to severe stages of the illness. Also, these stud-
ies have identified highly selected patients and excluded those with any unusual
or complicating features that often arise in clinical practice. Enthusiasm about the
accuracy of clinical assessment needs to be tempered by the fact that success
rates may be much lower for groups of patients that suffer from a mixture of de-
menting illnesses, especially those who are in the earliest stages. More impor-
tantly, existing diagnostic criteria are not applicable to patients in the preclinical
stages of the disease. As treatments become available, identifying AD patients in
these stages will become increasinglyimportant.

In summary, studies have demonstrated that clinical assessment, using well
established guidelines, can yield very high diagnostic accuracy rates, espe-
cially for patients who have reached the moderately severe stages of demen-
tia. The extent to which the average clinician actually follows these guidelines
and the degree to which the superb results reported are dependent upon the ex-
pertise of a select group of highly trained clinicians have not been determined.
The concerns raised in this chapter point to the need to develop additional
strategies for identifying AD patients in the preclinical and early stages of the
illness. Ideally these strategies would be accessible to clinicians in both re-
search centers and the community.

References
1. Gearing M, Mirra SS, Hedreen JC, Sumi SM, Hansen LA, Heyman A. The consortium

to establish a registry for Alzheimer’s disease (CERAD). Neurology 1995:45:461–466.
2. Katzman R. Alzheimer’s disease. N. Engl. J. Med. 1986;314:964–973.
3. Kokmen E, Beard CM, Offord KP, Kurland LT. Prevalence of medically diagnosed

dementia in a defined United States population: Rochester, Minnesota. Neurology
1989;39:773–776.



56 Daffner

4. Smith JS, Kilch LG. The investigation of dementia: results in 200 consecutive ad-
missions. Lancet 1981;2:824–827.

5. Rocca WA, Amaducci LA, Schoenberg BS. Epidemiology of clinically diagnosed
Alzheimer’s disease. Ann. Neurol. 1986;19:415–424.

6. Pfeffer RI, Afifi AA, Chance JM. Prevalence of Alzheimer’s disease in a retire-
ment community. Am. J. Epidemiol. 1987;125:420–436.

7. Evans DA, Funkenstein HH, Albert MS, Scherr PA, Cook NR, Chown MJ.
Prevalence of Alzheimer’s disease in a community population of older persons:
higher than previously reported. JAMA 1989;262:2551–2556.

8. Schumock GT. Economic considerations in the treatment and management of
Alzheimer’s disease. Am. J. Health Syst. Pharm. 1998;55(Suppl. 2):S17–S21.

9. American Psychiatric Association. Diagnostic and Statistical Manual of Mental
Disorders, 4th ed. Washington, DC: American Psychiatric Association, 1994.

10. McKhann G, Drachman D, Folstein M, Katzman R, Price D, Stadlan EM, et al
Clinical diagnosis of Alzheimer’s disease: report of the NINCDS-ADRDA work
group under the auspices of department of health and human services task force
on Alzheimer’s disease. Neurology 1984;34:939–944.

11. Morris JC, Heyman A, Mohs RC, Hughes JP, van Belle G, Fillenbaum G, et al The
consortium to establish a registry for Alzheimer’s disease (CERAD). Part I.
Clinical and neuropsychological assessment of Alzheimer’s disease. Neurology
1989;3:1159–1165.

12. Mirra SS, Heyman A, McKeel D, Sumi SM, Crain BJ, Brownlee LM, et al. The
consortium to establish a registry for Alzheimer’s disease (CERAD). Part II.
Standardization of the neuropathologic assessment of Alzheimer’s disease.
Neurology 1991;41:479–486.

13. Morris JC, Edland S, Clark C, Galasko D, Koss E, Mohs R, et al. The consortium
to establish a registry for Alzheimer’s disease (CERAD). Part IV. Rates of cogni-
tive change in the longitudinal assessment of probable Alzheimer’s disease.
Neurology 1993;43:2457–2465.

14. American Academy of Neurology. Practice parameter for the diagnosis and eval-
uation of dementia (summary statement). Neurology 1994;44:2203–2206.

15. Corey-Bloom J, Thal LJ, Galasko D, Folstein M, Drachman D, Raskind M,
Lanska DJ. Diagnosis and evaluation of dementia. Neurology 1995;45:211–218.

16. Council on Scientific Affairs, American Medical Association. Dementia. JAMA
1986;256:2234–2238.

17. Consensus Conference. Differential diagnosis of dementing diseases. JAMA
1987;258:3411–3416.

18. McGlone J, Gupta S, Humphrey D, Oppenheimer S, Mirsen T, Evans DR.
Screening for early dementia using memory complaints from patients and rela-
tives. Arch. Neurol. 1990;47:1189–1193.

19. Flicker C, Ferris SH, Reisberg B. A longitudinal study of cognitive function in el-
derly persons with subjective memory complaints. J. Am. Geriatr. Soc. 1993;41:
1029–1032.

20. Folstein MF, Folstein SE, McHaugh PR. Mini-mental state: a practical method for
grading the cognitive state of patients for the clinician. J. Psychiatr. Res. 1975;
12:189–198.



Current Approaches to the Clinical Diagnosis 57

21. Blessed G, Tomlinson BE, Roth M. The association between quantitative mea-
sures of dementia and of senile change in the gray matter of elderly subjects. Br.
J. Psychiatry 1968;114:797–811.

22. Magaziner J, Bassett SS, Hebel JR. Predicting performance on the Mini-Mental
State Examination: use of age- and education-specific equations. J. Am. Geriatr.
Soc. 1987;35:996–1000.

23. Crum RM, Anthony JC, Bassett SS, Folstein MF. Population-based norms for
the Mini-Mental State Examination by age and education level. JAMA
1993;269:2386–91.

24. Huff FJ, Growdon JH, Corkin S, Rosen TJ. Age at onset and rate of progression
of Alzheimer’s disease. J. Am. Geriatr. Soc. 1987;35:27–30.

25. Huff FJ, Growdon JH, Corkin S, Rosen TJ. Deterioration of Blessed information-
memory-concentration test in Alzheimer’s disease. Psychiatry Res. 1992;4:167–168.

26. Katzman R, Brown T, Thal LJ, Fuld PA, Aronson M, Butters N, et al. Comparison
of rate of annual change of mental status score in four independent studies of pa-
tients with Alzheimer’s disease. Ann. Neurol. 1988;24:384–389.

27. Salmon DP, Thal LJ, Butters N, Heindel WC. Longitudinal evaluation of demen-
tia of the Alzheimer type: a comparison of 3 standardized mental status examina-
tions. Neurology 1990;40:1225–1230.

28. Nelson A, Fogel BS, Faust D. Bedside cognitive screening instruments: a critical
assessment. J. Nerv. Ment. Dis. 1986;174:73–83.

29. Panisset M, Roudier M, Saxton J, Boller F. Severe impairment battery: a neu-
ropsychological test for severely demented patients. Arch. Neurol. 1994;51:41–45.

30. Weintraub S, Mesulam MM. Four neuropsychological profiles in dementia. In
Boller F, Grafman J, editors. Handbook of Neuropsychology, Volume 8.
Amsterdam: Elsevier Science Publishers BV, 1993:253–282.

31. Daffner KR. Alzheimer’s disease and related disorders. In Samuels MA, Feske S, ed-
itors. Office Practice of Neurology. New York: Churchill Livingstone, 1996: 710–715.

32. Chui HC. Dementia: a review emphasizing clinicopathologic correlation and
brain-behavior relationships. Arch. Neurol. 1989;46:806–814.

33. Mayeux R, Stern Y, Spanto S. Heterogeneity in dementia of the Alzheimer type:
evidence of subgroups. Neurology 1985;35:453–461.

34. Hansen L, Salmon D, Galasko D, Masliah E, Katzman R, DeTeresa R, et al. The
Lewy body variant of Alzheimer’s disease: a clinical and pathologic entity.
Neurology 1990;40:1–8.

35. Marsden CD, Harrison MJG. Outcome of investigation of patients with presenile
dementia. BMJ 1972;2:249–252.

36. Clarfield AM. The reversible dementias: do they reverse? Ann. Intern. Med.
1988;109:476–486.

37. Larson EB, Reitler BV, Sumi SM, Canfield CG, Chann NM. Diagnostic tests in
the evaluation of dementia: a prospective study of 200 elderly outpatients. Arch.
Intern. Med. 1986;146:1917–1922.

38. Weytingh MD, Bossuyt PMM, van Crevel H. Reversible dementia: more than 10%
or less than 1%: a quantitative review. J. Neurol. 1995;242:466–471.

39. Brodaty H. Consensus statement on predictive testing for Alzheimer disease and
associated disorders. Alzheimer Dis. Assoc. Disord. 1995;9:182–187.



58 Daffner

40. Bird T. Apolipoprotein E genotyping in the diagnosis of Alzheimer’s disease: a
cautionary view. Ann. Neurol. 1995;38:2–3.

41. Relkin NR, Kwon YJ, Tsai J, Grandy S. The National Institute on Aging/
Alzhemer’s Association recommendations on the application of apolipoprotein �
genotyping to Alzheimer’s disease. Ann NY Acad Sci 1996;802:149–173.

42. Post SG, Whitehouse PJ, Binstock RH, et al The clinical introduction of genetic
testing for Alzheimer’s disease: an ethical perspective. JAMA 1997;277:832–836.

43. Farrer L, Brin M, Elsas L, Goate A, Kennedy J, Mayeux R, et al. Statement on the
use of apolipoprotein E testing for Alzheimer disease (AD). JAMA 1995;274:
1627–1629.

44. Johnson KA, Davis KR, Buonanno FS, Brady TJ, Rosen J, Growdon JH.
Comparison of magnetic resonance and roentgen ray computed tomography in de-
mentia. Arch. Neurol. 1987;44:1075–1080.

45. Hunt AL, Orrison WW, Yeo RA, Haaland KY, Rhyne RL, Garry PJ, et al. Clinical
significance of MRI white matter lesions in the elderly. Neurology 1989;39:
1470–1474.

46. Benson DF. Neuroimaging and dementia. Neurol. Clin. 1986;4:341–353.
47. Clarfield AM, Larson EB. Should a major imaging procedure (CT or MRI) be re-

quired in the workup of dementia?: an opposing view J. Fam. Pract. 1990;31:
405–410.

48. Bradshaw JR, Thomson JLG, Campbell MJ. Computed tomography in the inves-
tigation of dementia. BMJ 1983;286:277–280.

49. Katzman R. Should a major imaging procedure (CT or MRI) be required in the
workup of dementia?: an affirmative view. J. Fam. Pract. 1990;31:401–410.

50. The Lund and Manchester Groups. Consensus Statement: clinical and neu-
ropathological criteria for frontotemporal dementia. J. Neurol., Neurosurg.
Psychiatry 1994;57:416–418.

51. Starkstein SE, Migliorelli R, Teson A, Sabe L, Vazquez S, Turjanski M, et al.
Specificity of changes in cerebral blood flow in patients with frontal lobe demen-
tia. J. Neurol. Neurosurg. Psychiatry 1994;57:790–796.

52. Miller BL, Cummings JL, Villanueva-Meyer J, Boone K, Mehringer CM, Lesser
IM, et al. Frontal lobe degeneration: clinical, neuropsychological and SPECT
characteristics. Neurology 1991;41:1374–1382.

53. Tierney MC, Szalai JP, Snow WG, Fisher RH, Nores A, Nadon G, et al. Prediction
of probable Alzheimer’s disease in memory-impaired patients: a prospective lon-
gitudinal study. Neurology 1996;46:661–665.

54. Masur DM, Sliwinski M, Lipton RB, Blau AD, Crystal HA. Neuropsychological
prediction of dementia and the absence of dementia in healthy elderly persons.
Neurology 1994;44:1427–1432.

55. Jacobs DM, Sano M, Dooneief G, Marder K, Bell KL, Stern Y. Neuropsycho-
logical detection and characterization of preclinical Alzheimer’s disease. Neu-
rology 1995;45:957–962.

56. Linn RT, Wolf PA, Bachman DL, Knoefel JE, Cobb JL, Belanger AJ, et al. The
“preclinical phase” of probable Alzheimer’s disease. Arch. Neurol. 1995;52:
485–490.

57. Arriagada PV, Growdon JH, Hedley-Whyte ET, Hyman BT. Neurofibrillary tan-



Current Approaches to the Clinical Diagnosis 59

gles but not senile plaques parallel duration and severity of Alzheimer’s disease.
Neurology 1992;42:631–639.

58. Locascio JJ, Growdon JH, Corkin S. Cognitive test performance in detecting, stag-
ing, and tracking Alzheimer’s disease. Arch. Neurol. 1995;52:1087–1099.

59. Paque L, Warrington EK. A longitudinal study of reading ability in patients suf-
fering from dementia. J. Int. Neuropsychol. Soc. 1995;1:517–524.

60. Grober E, Sliwinski M, Korey SR. Development and validation of a model for es-
timating premorbid verbal intelligence in the elderly. J. Clin. Exp. Neuropsychol.
1991;13:933–949.

61. Ivnik RJ, Malec JF, Smith GE. Mayo’s older Americans normative studies, WAIS-R,
WMS-R, and AVLT norms for ages 56 through 97. Clin. Neuropsychol.
1992;6:1–104.

62. Ivnik RJ, Malec JF, Smith GE, Tangalos EG, Petersen RC. Neuropsychological
tests’ norms above age 55: COWAT, BNT, MAE Token, WRAT-R Reading,
AMNART, STROOP, TMT, and JLO. Clin. Neuropsychol. 1996;10:262–278.

63. Becker PM, Feussner JR, Mulrow CD, Williams BC, Vokaty KA. The role of
lumbar puncture in the evaluation of dementia: the Durham Veterans
Administration/Duke University study. J. Am. Geriatr. Soc. 1985;33:392–396.

64. Hammerstrom DC, Zimmer B. The role of lumbar puncture in the evaluation of
dementia: the University of Pittsburgh study. J. Am. Geriatr. Soc. 1985;33:
397–400.

65. Hsich G, Kenney K, Gibbs CJ, Lee KH, Harrington MG. The 14-3-3 brain protein
in cerebrospinal fluid as a marker for transmissible spongiform encephalopathies.
N. Engl. J. Med. 1996;335:924–930.

65a. Rosemann H, Meiner Z, Kahana E, Halimi M, Lenetsky E, Abramsky O, Gabizon
R. Detection of 14-3-3 protein in the CSF of genetic Creutzfeldt-Jakob disease.
Neurology. 1997;49:593–595.

66b. Zerr I, Bodemer M, Gefeller O, Otto M, Poser S, Wiltfang J, Windl O,
Kretzschmar HA, Weber T. Detection of 14-3-3 protein in the cerebrospinal fluid
supports the diagnosis of Creutzfeldt-Jakob disease. Ann. Neurol. 1998;43:32–40.

67c. Weber T, Otto M, Bodemer M, Zerr I. Diagnosis of Creutzfeldt-Jakob disease and
related human spongiform encephalopathies. Biomed. Pharmacother. 1997;51:
381–387.

66. Duffy FH, Albert MS, McAnulty G. Brain electric activity in patients with senile
and presenile dementia of the Alzheimer type. Ann. Neurol. 1984;16:439–448.

67. Leuchter AF, Spar JE, Walter DO, Weiner H. Electroencephalographic spectra and
coherence in the diagnosis of Alzheimer’s-type and multi-infarct dementia. Arch.
Gen. Psychiatry 1987;44:993–998.

68. American Academy of Neurology. Therapeutics and technology assessment sub-
committee: assessment: EEG brain mapping. Neurology 1989;39:1100–1101.

69. Brown P, Cathala F, Sadowsky D, Gajdusek DC. Creutzfeldt-Jakob disease in
France II: clinical characteristics of 124 consecutive cases during the decade,
1968–1977. Ann. Neurol. 1979;6:430–437.

70. Katzman R, Lasker B, Bernstein N. Advances in the diagnosis of dementia: accu-
racy of diagnosis and consequences of misdiagnosis of disorders causing demen-
tia. In Terry RD, editor. Aging and the Brain. New York: Raven Press, 1988:17–62.



60 Daffner

71. Neary D, Snowden JS, Bowen DM, Sims NR, Mann DMA, Yates PO, et al.
Cerebral biopsy in the investigation of presenile dementia due to cerebral atrophy.
J. Neurol. Neurosurg. Psychiatry 1986;49:157–162.

72. Hulette CM, Earl NL, Crain BJ. Evaluation of cerebral biopsies for the diagnosis
of dementia. Arch. Neurol. 1992;49:28–31.

73. Flicker C, Ferris SH, Crook T, Bartus RT, Reisberg B. Cognitive function in nor-
mal aging and early dementia. In Traber J, Gispen WH, editors. Senile Dementia
of the Alzheimer Type. NY: Springer-Verlag, 1985:2–17.

74. Craik FIM. Age differences in human memory. In Birren JE, Schaie KW, editors.
Handbook of the Psychology of Aging. New York: Van Nostrand Reinhold,
1977:384–420.

75. Craik FIM. Memory functions in normal aging. In Yanagihara T, Petersen RC, ed-
itors. Memory Disorders: Research and Clinical Practice. New York: Marcel
Dekker, 1992:347–367.

76. Ardilia A, Rosselli M. Neuropsychological characteristics of normal aging. Dev.
Neuropsychol. 1989;5:307–320.

77. Petersen RC, Smith G, Kokmen E, Ivnik RJ, Tangalos EG. Memory function in
normal aging. Neurology 1992;42:396–401.

78. Francis J, Martin D, Kapor WN. A prospective study of delirium in hospitalized
elderly. JAMA 1990;263:1097–1101.

79. Schor JD, Levkoff SE, Lipsitz LA, Reilly CH, Cleary PD, Rowe JW, et al. Risk
factors for delirium in hospitalized elderly. JAMA 1992;267:827–831.

80. Adams RD. Delirium and other acute confusional states. In Adams RD, Victor M,
Ropper AH, editors., Principles of Neurology, 6th ed. New York: McGraw-Hill,
1997:405–416.

81. Bozzola FG, Gorelick PB, Freels S. Personality changes in Alzheimer’s disease.
Arch. Neurol. 1992;49:297–300.

82. Patterson MB, Schnell AH, Martin RJ, Mendez MF, Smyth KA, Whitehouse PJ.
Assessment of behavioral and affective symptoms in Alzheimer’s disease.
J. Geriatr. Psychiatry Neurol. 1990;3:21–30.

83. Clark A, White III CL, Manz HJ, Parhad IM, Curry B, Whitehouse PJ, et al.
Primary degenerative dementia without Alzheimer pathology. Can. J. Neurol. Sci.
1986;13:462–470.

84. Eggerston DE, Sima AAF. Dementia with cerebral Lewy bodies: a mesocortical
dopaminergic deficit? Arch. Neurol. 1986;43:524–527.

85. Knopman DS, Mastric AR, Frey II WH, Sung JH, Rustan T. Dementia lacking dis-
tinctive histologic features: a common non-Alzheimer degenerative dementia.
Neurology 1990;40:251–256.

86. Gustafson L. Frontal lobe degeneration of non-Alzheimer type. II. Clinical picture
and differential diagnosis. Arch. Gerontol. Geriatr. 1987;6:209–223.

87. Neary D, Snowden JS, Northen B, Goulding P. Dementia of frontal lobe type.
J. Neurol. Neurosurg. Psychiatry 1988;51:353–361.

88. Brun A. Frontal lobe degeneration of non-Alzheimer type. I. Neuropathology.
Arch. Gerontol. Geriatr. 1987;6:193–208.

89. Albert ML, Feldman RG, Willis AL. The “subcortical dementia” of progressive
supranuclear palsy. J. Neurol. Neurosurg. Psychiatry 1974;37:121–130.



Current Approaches to the Clinical Diagnosis 61

90. Cummings JL, Benson DF. Subcortical dementia: review of an emerging concept.
Arch. Neurol. 1984;41:874–879.

91. Alexander GE, DeLong MR, Strick PL. Parallel organization of functionally segre-
gated circuits linking basal ganglia and cortex. Annu. Rev. Neurosci. 1986;9:357–381.

92. Cummings JL. Frontal-subcortical circuits and human behavior. Arch. Neurol.
1993;50:873–880.

93. Mendez MF, Cherrier M, Perryman KM, Pachana N, Miller BL, Cummings JL.
Frontotemporal dementia versus Alzheimer’s disease: differential cognitive fea-
tures. Neurology 1996;47:1189–1194.

93a. Stevens M, van Duijn CM, Kamphorst W, de Knijff P, Heutink P, van Gool WA,
Scheltens P, Ravid R, Oostra BA, Niermeijer MF, van Swieten JC. Familial ag-
gregation in frontotemporal dementia. Neurology 1998;50:1541–1545.

93b. Rizzu P, Van Swieten JC, Joosse M, Hasegawa M, Stevens M, Tibben A,
Niermeijer MF, Hillebrand M, Ravid R, Oostra BA, Goedert M, van Duijn CM,
Heutink P. High prevalence of mutations in the microtubule-associated protein tau
in a population study of frontotemporal dementia in the Netherlands. Am. J. Hum.
Genet. 1999;64:414–421.

93c. Foster NL, Wilhelmsen, K, Sima AAF, Jones MZ, D’Amato CJ, Gilman S. Fronto-
temporal dementia and parkinsonism linked to chromosome 17: a consenus con-
ference. Conference Participants. Ann. Neurol. 1997;41:706–715.

94. McKeith IG, Fairbairn AF, Bothwell RA, Moore PB, Ferrier IN, Thompson P,
et al. An evaluation of the predictive validity and inter-rater reliability of clinical
diagnostic criteria for senile dementia of Lewy body type. Neurology 1994;
44:872–877.

95. Perry RH, Irving D, Blessed G, Fairbairn A, Perry EK. Senile dementia of Lewy
body type: a clinically and neuropathologically distinct type of Lewy body de-
mentia in the elderly. J. Neurol. Sci. 1990;95:119–139.

96. McKeith IG, Galasko D, Kosaka K, Perry EK, et al. Consensus guidelines for the
clinical and pathologic diagnosis of dementia with Lewy bodies (DLB): report of
the consortium on DLB international workshop. Neurology 1996;47:1113–1124.

97. Reding M, Haycox J, Wigforss K, Brush D, Blass JP. Follow-up of patients re-
ferred to a dementia service. J. Am. Geriatr. Soc. 1984;32:265–268.

98. McCallister TW, Price TRP. (1982) Severe depressive pseudodementia with and
without dementia. Am. J. Psychiatry 1982;139:5.

99. Kral VA. The relationship between senile dementia (Alzheimer type) and depres-
sion. Can. J. Psychiatry 1983;28:304–306.

100. Patterson C. The diagnosis and differential diagnosis of dementia and pseudo-
dementia in the elderly. Can. Fam. Physician 1986;32:2607–2610.

101. Lopez OL, Boller F, Becker JT, Miller M, Reynolds III CF. Alzheimer’s disease
and depression: neuropsychological impairment and progression of disease. Am.
J. Psychiatry 1990;147:855–860.

102. Rovner BW, Broadhead J, Spencer M, Carson K, Folstein M. Depression and
Alzheimer’s disease. Am. J. Psychiatry 1989;146:350–353.

103. Erkinjuntti T, Haltia M, Palo J, Sulkava R, Paetau A. Accuracy of the clinical di-
agnosis of vascular dementia: a prospective clinical and postmortem neuropathol-
gical study. J. Neurol. Neurosurg. Psychiatry 1988;51:1037–1044.



62 Daffner

104. Molsa PK, Paljarvi L, Rinne JO, Rinne UK, Sako E. Validity of clinical diagnosis
in dementia: a prospective clinico-pathological study. J. Neurol. Neurosurg.
Psychiatry 1985;48:1085–1090.

105. Brust JCM. Vascular dementia is overdiagnosed. Arch. Neurol. 1988;45:799–801.
106. Wade JPH, Mirsen TR, Hachinski VC, Fisman M, Lau C, Merskey H. The clini-

cal diagnosis of Alzheimer’s disease. Arch. Neurol. 1987;44:24–29.
107. O’Brien MD. Vascular dementia is underdiagnosed. Arch. Neurol. 1988;45:

797–798.
108. Tomlinson BE, Blessed S, Roth M. Observations on the brains of demented old

people. J. Neurol. Sci. 1970;11:205–242.
109. Snowdon DA, Greiner LH, Mortimer JA, Riley KP, Greiner PA, Markesbery WR.

Brain infarction and the clinical expression of Alzheimer’s disease. JAMA
1997;277:813–817

110. Navia BA, Jordan BD, Price RW. The AIDS dementia complex: I. Clinical fea-
tures. Ann. Neurol. 1986;19:517–524.

111. Perry SW. Organic mental disorders caused by HIV: update on early diagnosis and
treatment. Am. J. Psychiatry 1990;147:696–710.

112. Merritt HH, Adams RD, Solomon H. Neurosyphilis. Oxford: New York.
113. Adams RD, Victor M, Ropper AH. Infections of the nervous system (bacterial,

fungal, spirochetal, parasitic) and sarcoid. In Principles of Neurology, 6th ed. New
York: McGraw-Hill, 1997:695–741.

114. Adams RD, Fisher CM, Hakim S, Ojemann RG, Sweet WH. Symptomatic occult
hydrocephalus with “normal” cerebrospinal-fluid pressure: a treatable syndrome.
N. Engl. J. Med. 1965;273:117–126.

115. Fisher CM. The clinical picture in occult hydrocephalus. Clin. Neurosurg. 1977;
24:240–284.

116. Caltagirone C, Gainotti G, Masullo C, Villa G. Neuropsychological study of nor-
mal pressure hydrocephalus. Acta Psychiatr. Scand. 1982;65:93–100.

117. Stambrook M, Gill DD, Cardoso E, Moore AD. Communicating (normal-
pressure) hydrocephalus. In Parks RW, Zec RF, Wilson RS, editors. Neuropsy-
chology of Alzheimer’s Disease and Other Dementias. New York: Oxford Univer-
sity Press, 1993:283–307.

118. Thomsen AM, Brogesen SE, Bruhn P, Gjerris F. Prognosis of dementia in nor-
mal-pressure hydrocephalus after a shunt operation. Ann. Neurol. 1986;
20:304–310.

119. Bradley WG, Whittmore AR, Kortman KE, Watanabe AS, Homyak M, Teresi LM,
et al. Marked cerebrospinal fluid void: indicator of successful shunt in patients
with suspected normal-pressure hydrocephalus. Radiology 1991;178:459–466.

120. Wikkelso C, Andersson H, Blomstrand C, Lindqvist G, Svendsen P. Normal pres-
sure hydrocephalus: predictive value of the cerebrospinal fluid tap-test. Acta
Neurol. Scand. 1986;73:566–573.

121. Vanneste J, Augustijn P, Davies GAG, Dirven C, Tan WF. Normal pressure hy-
drocephalus: is cisternography still useful in selecting patients for a shunt? Arch.
Neurol. 1992;49:366–370.

122. Mindin SL, Schiffer RB. Affective disorders in multiple sclerosis. Arch. Neurol.
1990;47:98–104.



Current Approaches to the Clinical Diagnosis 63

123. van den Burg W, van Zomeren AH, Minderhound JM, Prange AJA, Meijer NSA.
Cognitive impairment in patients with multiple sclerosis and mild physical dis-
ability. Arch. Neurol. 1987;44:494–501.

124. Rabins PV, Brooks BR, O’Donnell P, Pearlson GD, Moberg P, Jubelt B, et al.
Structural brain correlates of emotional disorder in multiple sclerosis. Brain
1986;109:585–597.

125. Huber SJ, Cumming JL, Parkinson’s Disease, Neurobehavioral Aspects. New
York: Oxford University Press, 1992.

126. Mayeux R, Stern Y, Rosenstein R, Marder K, Hauser A, Cote L, et al. An estimate
of the prevalence of dementia in idiopathic Parkinson’s disease. Arch. Neurol.
1988;45:260–262.

127. Stern Y, Richards M, Sano M, Mayeux R. Comparison of cognitive changes in
patients with Alzheimer’s and Parkinson’s disease. Arch. Neurol. 1993;50:
1040–1045.

128. Lieberman A, Dziatolowski M, Kupersmith M, Serby M, Goodgold A, Korein J,
et al. Dementia in Parkinson’s disease. Ann. Neurol. 1979;6:355–359.

129. Shoulson I. Huntington’s disease: cognitive and psychiatric features. Neuropsy-
chiatry Neuropsychol. Behav. Neurol. 1990;3:15–22.

130. Folstein SE, Folstein MF. Psychiatric features of Huntington’s disease: recent ap-
proaches and findings. Psychiatr. Dev. 1983;2:193–205.

131. Butters N, Wolfe J, Granholm E, Martone M. An assessment of verbal recall,
recognition and fluency abilities in patients with Huntington’s disease. Cortex
1986;22:11–32.

132. Brouwers P, Cox C, Martin A, Chase T. Differential perceptual–spatial impairment
in Huntington’s and Alzheimer’s dementias. Arch. Neurol. 1984;41:1073–1076.

133. Grafman J, Litvan I, Gomez C, Chase TN. Frontal lobe function in progressive
supranuclear palsy. Arch. Neurol. 1990;47:553–558.

134. Goffinet AM, De Volder AG, Gillain C, Rectem D, Bol A, Michel C, et al. Positron
tomography demonstrates frontal lobe hypometabolism in progressive supranu-
clear palsy. Ann. Neurol. 1989;25:131–139.

135. Dening TR, Berrios GE. Wilson’s disease: psychiatric symptoms in 195 cases.
Arch. Gen. Psychiatry 1989;46:1126–1134.

136. Rosselli M, Lorenzana P, Rosselli A, Vergara I. Wilson’s disease, a reversible de-
mentia: case report. J. Clin. Exp. Neuropsychol. 1987;9:399–406.

137. Talbot PR, Goulding PJ, Lloyd JJ, Snowden JS, Neary D, Testa HJ. Inter-relation
between “classic” motor neuron disease and frontotemporal dementia: neuropsy-
chological and single photon emission computed tomography study. J. Neurol.
Neurosurg. Psychiatry 1995;58:541–547.

138. Neary D, Snowden JS, Mann DMA, Northen B, Goulding PJ, Macdermott N.
Frontal lobe dementia and motor neuron disease. J. Neurol. Neurosurg. Psychiatry
1990;53:23–32.

139. Mesulam MM, Weintraub S. Spectrum of primary progressive aphasia. In Rossor
MN, editor. Unusual Dementia, Bailliere’s Clinical Neurology, Vol 1. 1992:
583–609.

140. Mesulam MM. Slowly progressive aphasia without generalized dementia. Ann.
Neurol. 1982;11:592–598.



64 Daffner

141. Mesulam MM. Primary progressive aphasia: differentiation from Alzheimer’s dis-
ease. Ann. Neurol. 1987;2:533–534.

142. Heath PD, Kennedy P, Kapur N. Slowly progressive aphasia without generalized
dementia. Ann. Neurol. 1983;13:687–688.

143. Grossman M, Mickanin J, Onishi K, et al. Progressive non-fluent aphasia: lan-
guage, cognitive, and PET measures contrasted with probable Alzheimer’s dis-
ease. J. Cognitive Neurosci. 1996;8:135–154.

144. Green J, Morris JC, Sandson J, McKeel DW, Miller JW. Progressive aphasia: a
precursor of global dementia? Neurology 1990;40:423–429.

145. Karbe H, Kertesz A, Polk M. Profile of language impairment in primary progres-
sive aphasia. Arch. Neurol. 1993;50:193–201.

146. Cogan DG. Visual disturbances with focal progressive dementing disease. Am. J.
Ophthal. 1985;100:68–72.

147. Benson DF, Davis RJ, Snyder BD. Posterior cortical atrophy. Arch Neurol.
1988;45:789–793.

148. Tyrell PJ, Warrington EK, Frackowiak RSJ, Rossor MN. Progressive degeneration
of the right temporal lobe studied with positron emission tomography. J. Neurol.
Neurosurg. Psychiatry 1990;53:1046–1050.

149. Victoroff J, Ross GW, Benson DF, Verity MA, Vinters HV. Posterior cortical atro-
phy: neuropathological correlations. Arch. Neurol. 1994;51:269–274.

150. De Renzi E. Slowly progressive visual agnosia or apraxia without dementia.
Cortex 1986;22:171–180.

151. Dick JPR, Snowden J, Northen B. et al. Slowly progressive apraxia. Behav.
Neurol. 1989;2:101–114.

152. Evans JJ, Heggs AJ, Antoun N, Hodges JR. Progressive prosopagnosia associated
with selective right temporal lobe atrophy: a new syndrome? Brain 1995;118:1–13.

153. Snowden JS, Goulding PJ, Neary D. Semantic dementia: a form of circumscribed
cerebral atrophy. Behav. Neurol 1989;2:167–182.

154. Kukull WA, Larson EB, Reifler BV, Lampe TH, Yerby M, Hughes J. The validity of
3 clinical diagnostic criteria for Alzheimer’s disease. Neurology 1990;40:1364–1369.

155. Tierney MC, Fisher RH, Lewis AJ, Zorzitto ML, Snow WG, Reid DW, et al. The
NINCDS-ADRDA Workgroup criteria for the clinical diagnosis of probable of
Alzheimer’s disease: a clinicopathologic study of 57 cases. Neurology 1988;38:
359–364.

156. Morris JC, McKeel DW, Fulling K, Torack RM, Bere L. Validation of clinical di-
agnostic criteria for Alzheimer’s disease. Ann. Neurol. 1988;24:17–22.

157. Price BH, Gurvit H, Weintraub S. Neuropsychological patterns and language
deficits in twenty consecutive cases of autopsy-confirmed Alzheimer’s disease.
Arch. Neurol. 1993;50:931–937.

158. Risse SC, Raskind MA, Nochlin D, Sumi SM, Lampe TH, Bird TD, et al.
Neuropathological findings in patients with clinical diagnoses of probable
Alzheimer’s disease. Am. J. Psychiatry 1990;147:168–172.

159. Mendez M, Mastri AR, Sung JH, Frey WH. Clinically diagnosed Alzheimer’s dis-
ease: neuropathologic findings in 650 cases. Alzheimer Dis. Assoc. Disord. 1992;
6:35–43.



3
Pathological Diagnosis of Alzheimer’s Disease

Changiz Geula

Introduction

The diagnosis of dementia of the Alzheimer type in living patients is a clin-
ical judgment based upon careful neurological and neuropsychological exam-
ination combined with results from other clinical tests. Because of the
existence of other dementing disorders with similar clinical presentation to
that of Alzheimer’s disease (AD) (some of which are of unknown pathologi-
cal origin) (1,2), the clinical diagnosis of AD must be confirmed by neu-
ropathological examination. Thus, at present, the most reliable (if not the
only) definitive diagnosis of AD is neuropathological. For this reason, a great
deal of effort has been directed, particularly in recent years, toward standard-
ization of criteria for the pathological diagnosis of AD.

This chapter first presents the pathological entities upon which a diagnosis
of AD is rendered. Next, the most commonly used neuropathological criteria
for this diagnosis are reviewed. Finally, some of the complexities in the ap-
plication of these criteria are discussed.

Pathological Hallmarks 
of Alzheimer’s Disease

In the first report on the disease which now bears his name, Alois
Alzheimer (3) described two types of lesions in the brain of his patient: “tan-
gled bundle of fibrils” and “miliary foci resulting from the deposit of a unique
substance.” The terms commonly used today to designate these lesions are the
neurofibrillary tangle (NFT) and the senile plaque (SP), respectively. The
presence, characteristic distribution, and density of these lesions are used by
pathologists for the diagnosis of AD.
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Senile Plaque

The plaque is a complex structure found in the neuropil and consists of
amyloid, abnormal neurites and glial cells (4). The �-amyloid (A�), which is
present in all plaques, is a protein of 1–43 amino acids (5,6). It is clipped out
of a larger amyloid precursor protein through a set of complex processes that
are under intensive investigation at the present time (7). A� can exist in vari-
ous physical conformations, which include soluble, aggregated (but nonfibril-
lar), and aggregated fibrillar forms (8,9). In addition to A�, abnormal
(dystrophic) neurites are associated with a subset of SP (Fig. 1E–G) and rep-
resent degenerated processes of neurons (mainly dendrites) and consist of
bundles of fibrillar elements (4,10). The plaques with neurites often have mi-
croglia and astrocytes associated with them (4).

Plaques occur in various types. The first classification of plaques was pro-
posed by Terry and Wisniewski (4) who described three types of SP based on
electron-microscopic observations. The primitive SP has some amyloid as
well as dystrophic neurites, the latter being invisible in the light microscope.
The classical SP has a compact core of amyloid surrounded by a zone of ab-
normal neurites. Finally, the burned out or compact SP is a large mass of amy-
loid and no neurites are associated with it. These three types of SP can be
visualized in sections processed with Bielschowsky silver stain (or a modifi-
cation thereof) or thioflavine S stain. The amyloid associated with these SP is
also congophilic (can be visualized using the Congo red stain under polarized
light).

More recently, SPs have been divided into types based on the presence or ab-
sence of various features at the light microscopic level. The first of these classi-
fications became possible with the advent of specific antibodies to A�.
Immunohistochemistry using these antibodies results in staining of a very large
number of plaques, more than any other procedure used (11–13). These im-
munostained SPs are of two types (11,14). The diffuse SPs are round or amor-
phous deposits of aggregated (nonfibrillar) A� with a granular reaction product
and without clear borders (Fig.1A). The compact SPs, on the other hand, are
clearly defined, round deposits of fibrillar A� (Fig. 1B,C), which also stain pos-
itively for thioflavine S and Congo red. The presence of a heavy central deposit
of amyloid in compact SP, often visualized using thioflavine S or silver stain,
defines a cored (Fig. 1C–E) as distinguished from uncored SP. Finally, the pres-
ence of dystrophic (abnormal) neurites distinguishes neuritic SP (Fig. 1E–G)
from SP without neurites (10,13,15). It is currently believed that the various
plaque types represent maturational stages of a single pathological process (16).
According to this hypothesis, amyloid is first deposited in the form of diffuse



Pathological Diagnosis of Alzheimer’s Disease 67

Fig. 1. Examples of the pathological lesions observed in the brains of patients suf-
fering from Alzheimer’s disease. (A) Diffuse A�-positive plaques visualized using im-
munohistochemical techniques. (B) A�-positive compact plaques. (C) A�-positive
compact plaque with a dense amyloid core (cored plaque). (D) A cored plaque visual-
ized using the thioflavine S stain. (E) Thioflavine S stained cored plaques with a few as-
sociated dystrophic neurites (arrow). (F) Thioflavine S stained neuritic plaque.
(G) Dystrophic neurites associated with a plaque visualized immunohistochemically using
an antibody against a hyperphosphorylated epitope of tau (PHF-1). Neuropil threads (ar-
rows) are also PHF-1 positive. (H) A PHF-1-positive neurofibrillary tangle and neuropit
threads (arrows). (I) Thioflavine S stained tangles and neuropil threads (arrow).
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SP. Gradually, this amyloid is transformed to fibrils, which are thought to be
toxic to neurons and disruptive to neuronal processes present in the neuropil (8).
Still later, dystrophic neurites become associated with the SP, presumably repre-
senting degeneration of neuronal components damaged by amyloid.

Although SPs are observed throughout the brain in AD, the heaviest de-
posits are found within the cerebral cortex. The densest accumulation of SPs
are observed in association cortical regions, followed by paralimbic and core
limbic regions, respectively (13,17,18). A dense accumulation of SP, particu-
larly the neuritic variety (10), is thought to be a specific marker of Alzheimer’s
disease since it does not occur in other neurodegenerative disorders (19,20).

Neurofibrillary Tangle

Tangles are intracellular accumulations of neurofibrillar elements within the
cytoplasm. Ultrastructurally, NFT are made of paired helical filaments (PHF),
which measure about 220 Å at their widest, and are constricted at about 800 Å
intervals to a width of about 100 Å. Some straight filaments are also associated
with NFT (4). NFT are argentophilic, thioflavine S-positive (Fig. 1I), and stain
immunohistochemically with antibodies against PHF as well as other antigens
(e.g., A68) (21–23). A major component of NFT is abnormally phosphorylated
tau (a microtubule associated protein) and antibodies against this element can
also be used to stain tangles (Fig. 1H). It is important to note that the neurites
within SP and the NFT are composed of nearly identical components (4,10)
(Fig. 1G). The NFT is thought to damage neurons by disrupting transport of
various cellular components and by displacing cytoplasmic elements and thus
leading to the degeneration of the neurons within which it is formed.

NFT are found in many neuronal types throughout the AD brain and espe-
cially within the cortex. Large neurons are particularly vulnerable to NFT for-
mation. Within the cortex, NFT appear first, and are found in highest density
in limbic and paralimbic regions such as the hippocampus and the entorhinal
cortex, followed by the association cortical regions (13,17,18). NFT does not
appear to be a specific feature of AD since it also occurs in some other neu-
rodegenerative disorders (19).

Other Pathology

Most cortical areas in AD brains with a high density of tangles also dis-
play significant loss of neurons (24,25). Significant neuronal loss is also pres-
ent in many subcortical nuclei with diffuse projections to the cerebral
cortex, resulting in marked cortical denervation in AD (26). Among these
subcortical nuclei, the cholinergic system of the basal forebrain displays the
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earliest and most widespread pathology (26). Tangle-bearing regions of cor-
tex also display substantial loss of synapses (27,28) and decreases in neu-
ronal dendritic extent (24,29). An inevitable consequence of this pathology is
the disruption of neural circuits and isolation of affected areas from the rest
of the cortex.

A number of other pathological elements are present in AD brains. Of these,
the most prominent are the neuropil threads (NT) (Fig. 1G–I), which are con-
sidered an extension of the cytoskeletal pathology in AD. NT are relatively
short threadlike, argentophilic, and thioflavine S-positive fibers in the neuropil
(4,30). They possess staining and antigenic characteristics nearly identical to
the NFT and SP neurites, and are commonly thought of as degenerating
processes (axons and dendrites) of neurons with tangles (30). Granulovacuolar
degeneration is found in pyramidal neurons of the Ammon’s horn of hip-
pocampus, and is composed of a vacuole, bounded by a unit membrane con-
taining clear material and a core of finely granular, highly insoluble, dense
matter (4,30,31). Hirano body is an eosinophilic, paracrystalline, rodlike body
filled with filaments (4,30) found within or sometimes adjacent to pyramidal
cells. It is by far the most common in the hippocampal pyramidal cell layer.
Finally, amyloid (congophilic) angiopathy, which consists of deposits of fib-
rillar A� in small to medium-sized leptomeningial and cortical vessels (30), is
present, to varying degrees, in the cerebral cortex of a significant number of
AD patients. Recent reports suggest that non-AD-related vascular pathology
(e.g., atherosclerosis) may play a role in amyloid deposition in cerebral vessels
in AD (32). The AD brain also presents with a large array of other abnormali-
ties the enumeration of which is beyond the scope of this chapter.

Although of great potential significance, the “other” alterations summa-
rized here are not commonly used for the pathological diagnosis of AD.

Contribution of Plaques
and Tangles to Dementia

Initial studies reported significant correlations between the presence and
density of cortical SP and NFT and the severity of dementia in AD (21,33). A
large number of more recent investigations, however, have indicated divergent
relationships. More specifically, the distribution and total density of SP have
been found to display little relationship with the presence, and particularly the
severity, of dementia (18,34–36). Some studies, however, have reported a cor-
relation between the density of neuritic plaques and severity of dementia
(23,35). In contrast to SP, the density of NFT has been found to display a
strong relationship with the presence and severity of dementia (18,37,38).
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A simple interpretation of the above findings would be that SP does not fig-
ure prominently in the etiology of dementia in AD. However, such a simple in-
terpretation may be premature for several reasons. First, the presence of SP,
particularly its neuritic variety, appears to be a more specific feature of AD than
that of NFT. Second, a number of in vivo and in vitro studies have indicated that
the A� found in SP can be directly toxic to neurons (8,39,40). More impor-
tantly, in some of these studies, A� has been shown to be able to cause phos-
phorylation of tau similar to that observed in NFT (8,40). Thus, it may be argued
that the sequence of the pathological cascade in AD begins with the deposition
of A�, followed by abnormal phosphorylation of tau, formation of tangles
within neurons, neuronal death, and the resultant dementia. Third, no measure
of A� deposition has been found to correlate with age or duration of disease in
AD. This has been interpreted to indicate that A� is continually deposited and
resolved (removed) from AD cortex (34). If true, this interpretation would sug-
gest that the number of A�-positive SPs observed in an AD brain is not an in-
dication of the total A� burden throughout the disease process, rendering
correlations with cognitive status meaningless. It should be noted that a recent
study with careful control of many variables (such as postmortem interval and
age) and inclusion of subjects with a wide spectrum of cognitive performance,
did find a strong correlation between SP and severity of dementia (41).

Some of the other alterations observed in AD brains, such as loss of neu-
rons, synapses, and dendrites, have also been shown to display significant cor-
relations with the severity and duration of dementia (25,27,42,43). The loss of
neurons and synapses most likely represent the proximal cause of the demen-
tia observed in AD.

Pathology of Normal Aging 
and Mild Dementia

A large number of investigations have indicated that SP and NFT can also
occur in the brains of cognitively normal elderly (12,22,44,45). SP and, in par-
ticular, A� immunoreactive SP are commonly found in the cerebral cortex of
many normal aged brains. In some of these brains, the density of A� deposits
has been found to be similar to that present in AD. NFT are also present in the
normal aged brain. However, they are found less frequently, in much lower
density and with very restricted distribution as compared with SP. SP neurites,
which appear to involve the same pathological process as the NFT, are rare in
the normal aged brain. In fact, a number of studies have indicated that the fre-
quency and distribution of neuritic SP may be the main pathological element
that distinguishes AD from normal aging (10,12,23,35).
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Careful neuropsychological studies have indicated that many nondemented
community dwelling elderly individuals suffer from mild cognitive abnormal-
ities (46–48). The presence of pathology in nondemented elderly may serve
as a substrate for these mild cognitive abnormalities. In fact, a number of re-
cent studies have indicated that aged individuals with high frequency of SP,
particularly of the diffuse type, are very mildly demented (i.e., possibly in the
earliest stages of AD) (22,36,49–51). By contrast, the distribution of NFT has
been shown to be relatively restricted in the brains of mildly demented indi-
viduals, found predominantly within the entorhinal cortex. NFT seem to ap-
pear first in the entorhinal region and later in the hippocampus and neocortical
areas (22,36,52). In fact, this focal appearance of NFT and its gradual and
later presence in other areas have been used to identify the possible stages in
the progression of AD-like pathology in normal, mildly demented, and AD
brains (37). In addition to NFT accumulation, the entorhinal cortex displays
significant neuronal loss in mildly demented individuals (43).

In summary, SP formation appears to represent an early pathological event,
which may contribute to the formation of NFT. Accumulation of NFT, on the
other hand, is probably a later event in the cascade of AD pathology, which
coincides with the clinical manifestation and severity of dementia.

Pathological Diagnostic Criteria

Ruling Out Other Pathology

Perhaps the most important task in the process of pathological diagnosis of
AD is ruling out other pathology (53–55). Grossly, the AD brain should be
weighed and checked for obvious lesions such as subdural hematomas, cortical
infarcts, tumors, or hemorrhages. Ventricular size is variable in AD, but invari-
ably there is general atrophy and enlargement of sulci. White matter and deep
gray matter should be checked for presence of cystic or lacunar infarcts or other
vascular lesions. Other causes of dementia should be ruled out. These include
lobar atrophy, Pick’s disease, vascular (or multiinfarct) dementia, Creutzfeldt-
Jakob disease, diffuse Lewy body disease, and progressive supranuclear palsy.
Only after the presence of other pathology has been carefully determined should
an assessment of the pathological hallmarks of AD be undertaken.

Pathological diagnosis of AD is often complicated by the presence of other
pathology. In a subpopulation of pathologically confirmed cases of AD, abun-
dant pathology characteristic of other neurodegenerative disorders, such as
Parkinson’s disease, are also present, allowing simultaneous diagnosis of both
diseases in the same individual (1,2,56,57). Additional complications are pre-
sented by the presence of dementing disorders, which are relatively more dif-
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ficult to diagnose, such as multiinfarct dementia (58,59). Some of these addi-
tional pathologies have been shown to contribute to the dementia seen in AD
patients and to influence the density of plaques and tangles (56).

A number of pathological criteria have been proposed for the diagnosis of
AD (53,60,61). Of these, two have been extensively used. The first is the cri-
teria recommended by the neuropathology panel of a workshop on the diag-
nosis of AD sponsored by several components of the National Institutes of
Health, spearheaded by the National Institute on Aging (NIA) and summa-
rized by Khachaturian (53). The second and more recent are the criteria rec-
ommended by the Consortium to Establish a Registry for Alzheimer’s Disease
(CERAD) (61). A third set of criteria was recommended by the Working
Group on Diagnostic Criteria of the NIA and the Reagan Institute (RI) very
recently (62), and therefore is not yet widely used.

NIA Consensus Criteria

According to these criteria, the minimum number of areas to be examined
include three regions of neocortex (frontal, temporal, and parietal lobes), the
amygdala, the hippocampus (presumably including the entorhinal cortex), and
a number of subcortical areas. Examination of tissue per �200 microscopic
field is made of 5–15 	m sections stained for Bielschowsky silver, thioflavine
S, or Congo red. The diagnosis is based on the age of the subject, the number
of SPs, and the presence of NFT in the neocortex. In patients less than 50 years
of age, more than 2–5 SPs or neuritic SPs and tangles should be observed per
field anywhere in the neocortex. In individuals aged 50–65 years, tangles may
be present, but 8 or more SPs per field are necessary for the diagnosis of AD.
In patients aged 66–75 years, tangles may be present and more than 10 SPs
must be observed per field. In patients older than 75 years, tangles may some-
times not be found but the number of SPs must be more than 15 per field. It is
stated that in the presence of a clinical history of AD, these criteria should be
revised downward, although it is not clear to what extent (53).

CERAD Criteria

The CERAD neuropathology criteria use the presence and density of neu-
ritic SP to establish the diagnosis of AD (55,61). Regions that must be exam-
ined include middle frontal gyrus, superior and middle temporal gyri, inferior
parietal lobule, hippocampus, entorhinal cortex, and midbrain, including the
substantia nigra. However, the final diagnosis is based only on observations
from the neocortical areas sampled. The density of neuritic SP in a �100
microscopic field is recorded as “sparse,” “moderate,” or “severe.” This 
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semiquantitative measure of neuritic SP in the most severely affected “neo-
cortical” region is combined with the age of the subject to yield the age-
related plaque score. This score is then integrated with clinical information 
for the diagnosis of “definite,” “probable,” or “possible” AD.

NIA–RI Criteria

The NIA-RI criteria represent a reassessment of the original NIA
Consensus criteria. The pathological diagnosis of AD is based on the presence
of both plaques and tangles. Areas to be sampled include four neocortical re-
gions (superior temporal gyrus, inferior parietal lobule, midfrontal cortex, and
occipital cortex), hippocampal formation at the level of the lateral geniculate
nucleus, hippocampal formation, and the entorhinal cortex at the level of the
uncus, the substantia nigra, and the locus ceruleus. The NIA–RI diagnostic
scheme is based on the fact that dementia in the elderly may arise from more
than one disorder, several of which may coexist in the same individual. Based
on semiquantitative measures of the density and distribution of both neuritic
SP and NFT, the NIA–RI criteria provides the “likelihood” (high, intermedi-
ate, or low) that the observed clinical dementia is due to AD lesions. The iden-
tification of coexisting pathology is emphasized. It is also recommended that
the presence of diffuse SP be noted, even though it is acknowledged that the
contribution of these lesions to dementia is at present uncertain (62).

Evaluation of Pathological Diagnostic Criteria

All of the criteria described above are based on the combined experience of
many expert neuropathologists as well as published reports in the literature
(53,61,62) and therefore are considered accurate. However, a certain degree of
arbitrariness is inevitable in any such criteria. This is particularly true of the
NIA Consensus criteria, which rely on absolute minimum numbers of SP for
diagnosis. It is likely that these minimum required quantities represent best
estimates rather than absolute measures.

Given the strong correlation between the density of NFT and the presence
and severity of dementia in AD, it is interesting that two of the pathological
criteria described above are based so heavily on the density of SP (54). The
NIA consensus criteria do factor in the presence of NFT in the diagnostic cri-
teria. However, the number of NFT are used only in the diagnosis of young
cases (younger than 50 years). In the CERAD criteria, the NFT are not used
in the process of diagnosis. In the NIA–RI criteria, on the other hand, the den-
sity of NFT is used more directly in the diagnosis.
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In terms of the brain regions to be examined for quantitative or semiquanti-
tative analysis, the NIA and NIA–RI criteria incorporate a balanced approach,
including assessment of neocortical as well as limbic and paralimbic regions.
The CERAD diagnostic criteria, however, are based on the semiquantitative
analysis of the neocortex only. The exclusion of the limbic and paralimbic cor-
tical structures, particularly the hippocampus and the entorhinal cortex, is con-
trary to the suggestion of some investigators that AD is primarily a
limbic/paralimbic disorder (26,63). For example, it has been suggested that NFT
formation in the entorhinal cortex disconnects the hippocampus from the cere-
bral cortex, hence resulting in the deficits in memory observed in AD (64,65).

One factor that complicates any diagnostic criteria is the presence of non-
neuritic SP and some NFT in the brains of normal aged and mildly demented
individuals. The NIA criteria do not include an explicit distinction between
neuritic and nonneuritic SP in its quantification scheme except for younger
cases (below 50 years). Thus, it is possible that a non-AD aged individual,
possibly with mild cognitive abnormalities, is diagnosed as AD because of the
presence of a high density of nonneuritic SP. The CERAD and NIA–RI crite-
ria use only the neuritic type of SP for the diagnosis of AD. This avoids the
complications posed by the pathology of normal aging and mild dementia,
since, as we have seen, neuritic types of SP are found predominantly (if not
exclusively) in AD brains. Obviously, the issue of the pathology of normal
aging and mild cognitive abnormality is rendered unimportant when clinical
dementia is present and other pathology nonexistent. It gains considerable im-
portance, however, in research settings within which the use of pathologically
normal aged brains as well as brains in the early stages of disease are a ne-
cessity for comparison with AD brains.

Another factor that must be considered in relation to the diagnostic criteria
is the reliability with which these criteria are applied. Several studies have dealt
directly with this issue. The results showed that neuropathology laboratories
use a wide variety of stains to visualize SP and NFT, some of these techniques
being quite different from those recommended by the pathological criteria
listed above. When the same tissue was sent to different neuropathologists for
staining and quantitation of SP and NFT, reasonable interrater agreement was
obtained for semiquantitative analysis, but quantitative measures yielded sig-
nificant differences between raters. These differences reflected variations in
stain sensitivity, staining technique, and the interpretation of histological find-
ings (66). When the same tissue was first stained and then evaluated by two dif-
ferent neuropathologists, higher interrater reliability was achieved (67). A
surprising finding of a survey of a large number of neuropathologists con-
ducted in 1989 was that a significant proportion did not use the recommended
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pathological criteria at the time, nor based their diagnosis on semiquantitative
or quantitative measures (68). The awareness for the necessity of more uniform
criteria has most likely increased from that in 1989. However, the trend re-
vealed by the above survey indicates that no matter how specific and reliable a
set of criteria may be, its widespread use cannot be guaranteed.

Pathological Variants of Alzheimer’s Disease

There is considerable heterogeneity in neuropathological findings of AD.
Few AD brains are likely to show the exact same density or pattern of distri-
bution of SP and NFT. Any criteria proposed for the pathological diagnosis of
AD must accommodate this heterogeneity. A major challenge in devising
pathological diagnostic criteria is to account for divergent pathology in some
cases of clinically diagnosed AD. Several possible pathological variants of
AD are discussed below.

Tangle-Only Variant

In some cohorts, approximately 5–10% of clinically diagnosed AD-type de-
mentia cases show NFT only, and then only in limbic/paralimbic regions and
some subcortical areas (69–71). Some neocortical regions, such as the inferior
temporal cortex, may contain a few NFT in some cases. However, NFT are gen-
erally absent from the neocortex. Very rare A�-positive diffuse SP are seen in
some cases. No neuritic SP is present. Most of these cases are of late onset. It
has been proposed that this type of clinicopathological presentation be recog-
nized as an NFT-only or NFT-predominant variant of AD (69). Others have used
the term “atypical AD” to refer to such cases (55). The CERAD and NIA
Consensus diagnostic criteria would diagnose such cases as non-AD type of de-
mentia since they rely primarily on the presence and density of SP to make a di-
agnosis. The NIA–RI criteria would postulate that there is a low (or perhaps
moderate) likelihood that AD pathology contributes to dementia in such cases. 

As mentioned earlier, SP appears to be a more specific marker of AD as
compared with NFT. Thus, it could be argued that cases which do not present
with a high density of SP, such as the NFT-only cases, should not be diag-
nosed as AD. The striking clinical similarity observed in some of these cases
to that of typical AD, however, poses problems for this argument.

Neocortical Plaque-Only Variant

As many as 30% of the brains from cases with clinically diagnosed AD-type
dementia display only SP in neocortical regions; no neocortical NFT are pres-
ent (72,73). The majority of these SPs are of the diffuse type and significantly
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fewer neuritic SPs are observed as compared with typical AD. NFT are pre-
sent in these cases, but are confined to limbic/paralimbic regions. Demented
patients presenting with this type of pathology are typically of the late-onset
variety. These cases are indistinguishable from typical AD in all other param-
eters (clinical, morphological, and neurochemical) other than the pathology
described above. For this reason, it has been suggested that these cases may
represent a neocortical plaque-only variant of AD.

The NIA Consensus pathological criteria explicitly recognize the neocorti-
cal SP-only presentation as AD in that its criteria for diagnosis of AD in older
cases state that NFT may sometimes not be present while SP must be present
in high density. The CERAD criteria, however, would categorize at least some
of these cases as non-AD dementia based upon the low numbers of neocorti-
cal neuritic SP. According to the NIA–RI criteria, the likelihood that AD le-
sions contribute to dementia in such cases is low.

Lewy Body Variant

Lewy bodies (LB) are intracytoplasmic inclusions (74). They appear as a
dense eosinophilic core surrounded by a less densely stained peripheral halo.
The LB is a pathological hallmark of brains of patients suffering from
Parkinson’s disease (PD), within which LB are found most prominently in the
substantia nigra (SN) and other subcortical nuclei. Sparsely distributed corti-
cal LB are also found in most PD cases. The cortical LB are observed mostly
in nonpyramidal neurons of layers V and VI (74).

A more widespread distribution of LB, particularly within the cerebral cor-
tex, is a hallmark of the dementing disorder termed diffuse Lewy body disease
(DLBD) (75). In a significant number of brains from demented cases in which
LB are diffusely distributed, AD pathology is also present (74,76,77). This has
prompted some investigators to suggest the existence of a Lewy body variant
(LBV) of AD (74,78). However, the designation of LBV as a separate patho-
logical entity has been criticized (79). It has been proposed that this type of
pathology represents the coexistence of AD and DLBD (79) or AD and PD
(57,77). Proponents of the LBV designation have pointed out, however, that
DLBD has a much earlier onset than LBV and is characterized by severe PD
signs and, while mild extrapyramidal signs are present in LBV, tremor rigid-
ity and akinesia, which are the clinical hallmarks of PD, are not observed
(74,75).

Cases that show diffusely distributed LB and AD pathology present with
important features (74,78,80). In general, NFT are rare in the neocortex, and
are found in limbic/paralimbic regions but with slightly lower density as com-
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pared with AD. SP are found in abundance in neocortical regions. However,
most SP are of the nonneuritic and diffuse variety. This pattern of pathology
is identical to that described for the plaque-only variant of AD. In fact, a sig-
nificant percentage (as high as 75%) of cases with diffuse LB and AD lesions
present with the plaque-only distribution of pathology. Thus, it may be sug-
gested that the plaque-only variant and the suggested LBV are one and the
same. However, at least 25% of brains from plaque-only cases do not contain
LB (80), suggesting the existence of a pure plaque-only variety.

The prescreening for other pathological causes of dementia suggested by
the diagnostic criteria discussed above would most likely result in the exclu-
sion of the cases under discussion as typical AD cases. According to the NIA
consensus criteria, the most comfortable classification of these cases would be
as coexistent DLBD and AD, because of the presence of LBs and high corti-
cal SP counts. The CERAD criteria, however, would not consider such cases
as AD owing to the small number of neocortical neuritic plaques. The NIA–RI
criteria would postulate that AD lesions have a low to intermediate likelihood
to contribute to dementia in such cases, while perhaps LBs are more likely to
do so.

It is important to note that the three possible variants of AD discussed above
share one neuropathological feature in common with typical AD: all are char-
acterized by a relatively high density of NFT in limbic/paralimbic regions. It
remains to be determined if the presence of this one feature is sufficient for
producing the dementia characteristic of AD.

Conclusions

At present, the only definitive diagnosis of AD is neuropathological. This
fact has heightened the need for standardized diagnostic neuropathological
criteria. Despite important strides, the need for more specific and comprehen-
sive criteria persists. Future efforts, no doubt, will result in significant im-
provements in this area. Such efforts will need to accomplish the following:

1. Address more completely the pathological distinction between normal aging, mild
dementia, and AD.

2. Take advantage of all of the pathological features of AD (various types of plaques,
tangles, neuropil threads, etc.).

3. Address the issue of pathological heterogeneity.
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4
The Pathophysiology of Alzheimer’s Disease

Dennis J. Selkoe

Introduction

Progress in accurately diagnosing and effectively treating Alzheimer’s dis-
ease (AD) must rest on a fundamental understanding of its pathophysiology.
The application of molecular genetic, biochemical, and morphological tech-
niques to this disorder during the last two decades has produced a large and
complex body of data that is steadily being integrated into a temporal se-
quence of pathogenetic events. Although our understanding of the mechanism
of the disease is still evolving, there is growing agreement among many in-
vestigators about the major steps in the cascade that precede the symptoms of
the disease. In this chapter, we review the salient features of our current un-
derstanding of AD pathophysiology and explore how this new knowledge im-
proves early diagnosis and illuminates the pathway to therapeutics.

The neuropathology of Alzheimer’s disease has provided the starting point
for defining its causes and mechanism. Much of the progress in identifying
factors underlying AD began with the biochemical dissection of its histologi-
cal phenotype in the early 1980s. Both the neurofibrillary tangles and the se-
nile (amyloid) plaques that represent the classical diagnostic features of the
pathology have been subjected to intensive scrutiny by structural, biochemi-
cal, and molecular biological approaches. Studies in a number of laboratories
have firmly established that the principal if not sole constituent of the abnor-
mal paired helical filaments (PHF) that comprise neurofibrillary tangles are
modified, highly phosphorylated forms of the microtubule associated protein,
tau (1–6.) PHF composed of modified tau proteins are present not only in tan-
gles but in many of the dystrophic neurites that cluster around extracellular
amyloid deposits (i.e., neuritic plaques) and are also more widely distributed
throughout much of the cortical neuropil (i.e., neuropil threads or curly
fibers). Despite the widespread abundance of a modified form of this cy-
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toskeletal protein in almost all AD brains, cloning of the gene encoding tau
has so far resulted in no evidence of defects in this gene in inherited forms of
AD. This observation is in keeping with the knowledge that neurofibrillary
tangles composed of highly similar if not identical forms of modified tau pro-
teins can be detected in numerous etiologically distinct human brain diseases,
including subacute sclerosing panencephalitis, variants of Hallervorden-Spatz
disease, the Parkinson-dementia complex of Guam, and dementia pugilistica.
In other words, PHF formation appears to be part of the response of human
neurons and their processes to a variety of disparate insults.

Although the identification of hyperphosphorylated tau proteins in tangles
and dystrophic neurites has not been linked to the etiology of AD, this dis-
covery nevertheless has considerable diagnostic implications. More than a
dozen published studies have shown that the levels of tau protein in the cere-
brospinal fluid are elevated in a majority of subjects with AD compared to
age-matched normal individuals. The sensitivity and specificity of tau eleva-
tion as an adjunct to the diagnosis of AD is discussed in Chapter 9.

Biochemical dissection of the extracellular amyloid deposits that are found in
the centers of neuritic plaques and in some meningeal and cortical microvessels
led to the identification of the amyloid �-protein (A�) as the principal con-
stituent of both types of deposits (7–10). A� comprises a heterogeneous group
of ~4 kDa peptides, with the major species being 40 or 42 residues long. The
amino acid sequence of A� is quite hydrophobic, helping to explain the strong
tendency of this small protein to self-aggregate and form clusters of fibrils that
precipitate from solution (see, e.g., 11–15). A� is the subunit of the amyloid fib-
rils characteristic of AD and is structurally entirely distinct from other amyloid-
forming proteins in various systemic amyloidoses. It is also structurally
unrelated to the prion protein implicated in the etiology of Creutzfeld-Jakob dis-
ease (CJD), a protein that can also form insoluble extracellular filaments.
However, amyloid fibrils composed of prion protein fragments are generally far
less abundant in CJD brains than are A� fibrils in AD brains. Indeed, all
Alzheimer subjects have moderate or, more often, high numbers of amyloid
plaques in areas of the brain important for memory and cognition. 

Biology of the Amyloid �-Protein
and Its Precursor Polypeptide

A� has provided a starting point for molecular biological and genetic studies
that led to the eventual identification of the first specific molecular cause of
AD—missense mutations in and around the A� region of the �-amyloid pre-
cursor protein (APP). APP, an intriguing and now much studied polypeptide
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(Fig. 1), is a large glycoprotein anchored in various cellular membranes (includ-
ing the plasma membrane) by a single transmembrane region. It thus projects
from the cell surface (and also into the lumens of many intracellular vesicles) in
a fashion resembling well-characterized receptors such as the low density
lipoprotein receptor and the insulin receptor. APP is widely expressed in virtu-
ally all mammalian cells. In the nervous system, neurons show particularly high
expression, but astrocytes, microglia, and endothelial cells also express the pre-
cursor. The localization of the APP gene to chromosome 21q is widely believed

Fig. 1. Schematic diagrams of the �-amyloid precursor protein and its principal
metabolic derivatives. (Top) The largest of the known APP alternate transcripts, com-
prising 770 amino acids. Regions of interest are indicated at their correct relative posi-
tions. A 17-residue signal peptide occurs at the amino terminus (box with vertical lines).
Two alternatively spliced exons of 56 and 19 amino acids are inserted at residue 289; the
first contains a serine protease inhibitor domain of the Kunitz type (KPI). Two sites of N-
glycosylation (CHO) are found at residues 542 and 571. A single membrane-spanning
domain at amino acids 700–723 is indicated by the vertical hatched bar. The amyloid �-
protein (A�) fragment (white box) includes 28 residues just outside the membrane plus
the first 12–14 residues of the transmembrane domain. (Middle) The arrow indicates the
site (after residue 687) of a constitutive proteolytic cleavage made by an unknown pro-
tease(s) designated �-secretase that enables secretion of the large, soluble ectodomain of
�APP (APPs) into the medium and retention of the 83-residue carboxy-terminal fragment
∼10-kDa) in the membrane. The 10-kDa fragment can undergo cleavage by an unknown
protease(s) called 
-secretase at residue 711 or residue 713 to release the p3 peptides.
(Bottom) The alternative proteolytic cleavage after residue 671 by an unknown en-
zyme(s) called �-secretase that results in the secretion of a truncated APPs molecule and
the retention of a 99-residue (∼12-kDa) carboxy-terminal fragment. The 12-kDa frag-
ment can also undergo cleavage by 
-secretase to release the A� peptides.
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to explain the observation that patients with trisomy 21 (Down’s syndrome)
incur �-amyloid deposition as early as late childhood and gradually develop the
classical neuropathological features of AD by age 40 or so (16–18).

The primary structure of APP (10) shows us that the 40–42 residue A� pep-
tide that constitutes the amyloid actually comprises the 28 amino acids im-
mediately outside of the single transmembrane region plus the first 12 or 14
amino acids of that membrane-buried segment (Fig. 1). This topography of the
A� region led to the assumption that an insult to cell membranes must occur
before A� could be released intact into the extracellular space of the brain to
form amyloid deposits. In turn, this concept seemed consistent with the
widely held opinion that tissue amyloid deposits in general were likely to rep-
resent secondary byproducts of disease processes rather than serving as an ini-
tiating feature which could be linked to the genetic etiology of a disease.
However, extensive studies of systemic amyloid diseases as well as AD have
shown that this concept is erroneous.

As investigators examined cultured cells that express APP naturally or were
transfected with its cDNA to achieve high expression, they found that APP
commonly undergoes a proteolytic cleavage just 12 amino acids in front of the
membrane-anchoring region, that is, immediately after amino acid 16 of the
A� region of the precursor (19, 20) (Fig. 1). This scission releases the large,
soluble ectodomain (referred to as APPs) into the extracellular fluid. The
cleavage is caused by an as yet unidentified protease(s) that is referred to as
“�-secretase.” The APPs derivative has been found in normal human CSF
(21,22) and plasma (23). Although a few studies have suggested that its level
might be decreased in AD, most studies have found that this change is incon-
sistent enough as to not be diagnostically useful. 

The APPs that is constitutively secreted by most cells in the body must serve
one or several normal functions. Some of these have been suggested by studies
in tissue culture. The normal functions of APPs may include: 1) the inhibition
of certain serine proteases (e.g., trypsin, chymotrypsin and factor XIa of the co-
agulation cascade); 2) the participation in the adhesion of some cell types to the
extracellular matrix; and 3) trophic, neuroprotective, and wound-healing prop-
erties. In addition, the uncleaved APP holoprotein residing at the cell surface
may have its own function, for example, as a molecule that promotes cell-cell
interactions or perhaps as a receptor for an as-yet-unknown diffusable ligand.

Although clues to the normal function of APP have emerged from cell cul-
ture studies, the use of genetic engineering to entirely delete (“knock out”) the
APP gene in mice has shown that the gene is not necessary for viability and
normal brain development and that the phenotypic consequences are relatively
subtle (24). Further study is needed before we can be certain of the functions
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of APP in the normal nervous system in vivo. Nevertheless, there is no com-
pelling evidence that any putative function of APP is actually lost or dimin-
ished in AD subjects. Rather, it appears that the role of APP in AD involves a
toxic function imparted by just its A� fragment, once it is released from the
precursor by proteolysis and begins to aggregate. 

A major reinterpretation of our understanding of A� came from the dis-
covery in 1992 that APP can be alternatively metabolized in a way that avoids
�-secretase cleavage within the A� region and instead produces cleavages at
the beginning of the A� region [by a protease(s) dubbed “�-secretase”] and at
the end of this region [by a protease(s) designated “
-secretase”] (25–27)
(Fig. 1). In other words, it was found that A� is constitutively released from a
subset of APP molecules during normal cellular metabolism, without any re-
quirement for preexisting membrane injury or another form of cell damage.
Indeed, it was found that intact 40- and 42-residue A� peptides were normally
present in extracellular fluids such as plasma and CSF (26,27). Moreover,
APP-expressing cells cultured in the laboratory (neurons, astrocytes, fibro-
blasts, and kidney cells, to name a few) all normally secreted A� into the cul-
ture medium (25–28). These unanticipated findings brought the �-amy-
loidosis of AD in line with a number of known human amyloid deposition
diseases outside of the brain, such as familial amyloidotic polyneuropathy
(due to transthyretin amyloidosis) and secondary amyloid deposits (derived
from the acute-phase protein, serum amyloid A), that arise in several inflam-
matory disorders. In virtually all of the amyloidotic diseases of humans, a cir-
culating protein or protein fragment that is normally present in extracellular
fluids undergoes progressive polymerization into amyloid fibrils, which form
multiple tissue deposits capable of exerting local cytotoxicity (29).

There are at least three major implications of the discovery of normal A�
secretion for the study of AD (30). First, any genes that are implicated in the
etiology of AD can be studied as to their effect on A� production, both in
transfected cells and transgenic mice bearing a mutant gene and in the CSF
and plasma of patients carrying the mutation. Second, the levels of A�40 and
A�42 can be directly assayed in plasma and CSF to determine whether they
were altered in amount and thus are diagnostically useful in subjects with AD.
Third, and perhaps most important, cell lines expressing normal or mutant
APP and thus secreting A� can serve as an in vitro screening system to iden-
tify compounds which specifically lower A� production without damaging
the cells. “Hits” in this assay can then be tested in animals (e.g., normal or
transgenic mice) to determine whether they lower A� production in vivo. As
we will see, all of these principal implications of the discovery of soluble A�
production have now been realized. 
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Identification of Genes That Cause
or Predispose to Alzheimer’s Disease

At the same time that studies of the A� peptides of amyloid plaques and the
tau protein of neurofibrillary tangles were proceeding, molecular geneticists
combined forces with many physicians in searching for loci in the human
genome that might contain defective genes underlying the well-recognized au-
tosomal dominant cases of AD (FAD). Geneticists needed a compelling clue as
to where in the enormous human genome to begin their search for a faulty
gene. This clue came with the recognition that patients with trisomy 21 invari-
ably developed a neuropathological phenotype indistinguishable from that of
AD and that the APP gene was located on chromosome 21. First, a linkage of
some cases of FAD to the long arm of chromosome 21 was suggested by analy-
sis of anonymous DNA markers in a few families (31), and then, 4 years later,
a mutation in the coding region of the APP gene was identified in two families
as the first specific molecular cause of AD (32). Extensive further studies have
revealed only six missense mutations in APP, occurring in a very small num-
ber of autosomal dominant cases of the disease. However, the rarity of this ini-
tially defined genetic form of AD does not detract from its mechanistic
importance for understanding AD pathogenesis in general. This is because all
of the APP missense mutations cluster within or immediately flanking the A�
region of APP. Indeed, the mutations are found at or near the �-secretase,
�-secretase, or 
-secretase cleavage sites for APP proteolysis.

All of the known APP missense mutations linked to familial AD have now
been modeled in cultured cells or in transgenic mice, and some of them have
also been analyzed directly in the plasma and CSF of mutation-bearing pa-
tients. In each case, the APP mutations have been shown to increase the se-
cretion of A� into the extracellular fluid, particularly that of the A�42 form
(reviewed in 33). There is now virtually universal agreement among investi-
gators that the rare APP-linked form of familial AD operates via an amyloid-
promoting mechanism. An important corollary of this conclusion is that the
neuropathological and clinical phenotypes of the APP-caused cases are highly
similar or indistinguishable from those of the other, more common genetic
and sporadic forms of the disease.

Apolipoprotein E4 Is a Major Genetic 
Risk Factor for AD

The next gene to be implicated by genetic studies turned out to be a major
risk factor for the common, late-onset form of AD. Biochemical studies
searching for CSF proteins capable of binding to A� identified apolipoprotein
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E as one such protein. Subsequent genetic analyses showed that the naturally
occurring �4 polymorphism of the ApoE gene was substantially overrepre-
sented in AD subjects compared to age-matched controls and thus appeared to
represent a major risk factor for the development of the disease (34). There
has since been widespread confirmation that inheritance of one or two ApoE
�4 alleles significantly increases the likelihood of developing late-onset AD
and decreases its age of onset (e.g., 35). Conversely, inheritance of the ApoE
�2 allele appears to confer a decreased risk of developing the disorder com-
pared to that seen in humans harboring the common �3 allele (36).

It remains unclear why the ApoE4 protein (which lacks cysteines) increases
the likelihood of AD while ApoE3 and ApoE2 proteins (which contain cys-
teines) do not. However, a major clue to the mechanism has come from the
observation, now confirmed in numerous laboratories, that AD subjects with
two �4 alleles have a significantly higher number and density of A� deposits
in their brains than subjects with no �4 alleles, while subjects with one �4 al-
lele generally fall in between (37–41). In vitro biochemical studies have sug-
gested that ApoE4 may be less effective in retarding the self-aggregation of
A� into amyloid fibrils than ApoE2 or ApoE3 (42). Alternative hypotheses for
the effect of ApoE4 in AD have been proposed. These include the evidence
that ApoE4 does not support neurite outgrowth in vitro and is less salutary for
normal neuronal structural and function than is ApoE3 (43), and that ApoE4
may permit tau to become dissociated from microtubules and participate in
enhanced PHF formation (44). However, the latter hypothesis is inconsistent
with the observation that amyloid plaque density, not neurofibrillary tangle
density, correlates with ApoE4 gene dosage in AD patients (37,38).

Mutations in the Presenilin Genes Are
the Most Common Known Cause
of Early-Onset Autosomal Dominant AD

In 1995, linkage analysis and positional cloning led to the identification of a
gene on chromosome 14 that is responsible for a sizable fraction of early onset
familial AD cases (45). The novel gene, currently called presenilin 1 (PS-1),
encodes a protein that appears to have 6–8 transmembrane domains and thus
resembles certain kinds of cell-surface receptors, channel proteins or structural
proteins of internal membrane vesicles. Shortly after presenilin 1 was cloned,
a highly homologous second gene, termed presenilin 2 (PS-2), was identified
as the cause of early-onset familial AD in at least two families, one of which
was the renowned “Volga German” pedigree that contains many members with
presenile AD (46,47). The presenilin gene products are, in turn, highly homol-
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ogous to a protein called sel12 in the roundworm, Caenorhabditis elegans, that
appears to function in the recognition of certain cells by other cells during 
development (48).

Based again on the fact that cells that normally secrete A�, the PS-1 and PS-
2 gene mutations, more than 35 of which have been identified, have been stud-
ied in transfected cells and, in some cases, in the plasma and skin fibroblast
media of mutation-bearing patients. These analyses demonstrate a reproducible
and statistically significant increase in the cellular production of the highly amy-
loidogenic A�42 peptides (49–52). Recent work (52a) has indicated that PS-1
may be a critical co-factor for 
-secretase activity or is 
-secretase itself. As noted
earlier, 
-secretase is involved in the final step in the process of generating A�

from the APP. This research provides a direct link between PS-1 mutations and
the increase in A� proteins observed in the brains of such patients. Moreover, di-
rect analysis of the brain tissue from several patients bearing a particular PS-1
missense mutation show that there are many more A�42-immunoreactive amy-
loid plaques in the brains of these subjects than in sporadic AD subjects with
comparable overall neuropathological severity (53). The elevation of A�42 has
also been confirmed in the brains of transgenic mice harboring PS-1 mutations
(50,51,54). Because A�42 peptide have been shown to be the initially deposited
species during �-amyloidosis in Down’s syndrome (DS) and conventional AD
(17,18,55), it is highly likely that the PS-1 and PS-2 mutant genes confer the AD
phenotype by selectively enhancing A�42 production throughout life. 

A� Deposition Appears To Be a Necessary but
Not Sufficient Factor for
the Genesis of AD

To summarize at this juncture, four genes that are unequivocally associated
with the development of AD have been identified to date, and linkage analy-
ses of other families make it clear that additional genes can be responsible
(Table 1). Three of the known genes, APP on chromosome 21, PS-1 on chro-
mosome 14, and PS-2 on chromosome 1, can be said to be causative of AD in
the respective families in which mutations in these genes occur. In each of
these three cases, there is now compelling evidence that the mechanism of dis-
ease involves altered APP catabolism to generate increased amounts of A�
peptides, particularly the highly amyloid-prone 42 residue form (Table 1). In
the case of the ApoE gene on chromosome 19, its �4 allele is a major genetic
risk factor for the development of AD, perhaps contributing to the develop-
ment of the disorder in some 30–40% or more of all AD patients. However,
ApoE4 is not causative, per se, because some patients with one or two ApoE4
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alleles show no signs of the clinical disease even late in life, and, conversely,
half or more of all AD patients do not bear an �4 allele. The pathogenetic
mechanism of ApoE4 remains to be elucidated but appears to involve en-
hanced aggregation and deposition of A�40 peptides (56).

Our discussion thus far has emphasized the possible role of �APP metabolism
and the gradual accumulation of insoluble A� deposits in the pathogenesis of the
disease. However, many other biochemical and structural abnormalities have also
been observed in the brains of AD patients. Although at this moment it is im-
possible to arrange the heterogeneous molecular and cellular changes found at
the end of the disease into a precise temporal sequence of progression, the out-
lines of a pathogenetic cascade are emerging. Insights into the temporal course
of the disorder in its preclinical phase derive primarily from three sources:

1. The study of the accrual of AD-type brain changes in patients with trisomy 21
who have died of other causes at various ages from early childhood to late adult-
hood

2. Similar analyses of the development of AD-type lesions during the normal aging
process in humans and other primates

3. Studies of small animal models of AD, in particular, transgenic mice that overex-
presses mutant forms of APP that causes early-onset AD in humans (57,58)

Analyses of DS brains have provided perhaps the most relevant information
about how AD may progress. Numerous investigators have reported that the
earliest AD-like morphological change found in very young (e.g., 12- to 15-
year-old) DS brains is the accrual of amorphous, largely nonfibrillar forms of
A� deposits referred to as “diffuse plaques.” Some or many such deposits are

Table 1
Genetic Factors Predisposing to Alzheimer’s Disease:
Relationships to the �-Amyloid Phenotype

Chromosome Gene Defect Age of Onset A� Phenotype

21 �APP mutations 50s Production of total A�
peptides or of A�42

peptides
19 ApoE4 polymorphism 60s and older Density of A� plaques

and vascular deposits
14 Presenilin 1 mutations 40s and 50s Production of A�42

peptides
1 Presenilin 2 mutations 50s Production of A�42

peptides

Additional chromosomal loci exist but are not yet specifically identified.
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found in limbic and association cortices (and often in striatum, cerebellum,
and elsewhere) in trisomic individuals dying after age 12 or so (e.g., 16).
Importantly, many such diffuse plaques are also found in the brains of late
middle-aged (� 60) or older people with normal cognition who have died of
other causes. Recent work by Morris and colleagues (58a) has shown that
clinically silent individuals and those with mild cognitive impairment also
show diffuse amyloid deposits when brought to autopsy. Diffuse plaques are
also abundantly present in typical AD brains at the end of the patients’ lives. 

Light- and electron-microscopic studies of diffuse plaques in AD and in DS
demonstrate very little or no structural alteration of axons, dendrites, astrocytes,
and microglia within and immediately surrounding these amorphous A� deposits.
This lack of cytopathology appears to correlate with a relative dearth of fibrillar
amyloid in the diffuse deposits. As the brains of patients of increasing age with
DS are examined, fibrillar plaques with surrounding neuritic and glial dystrophy
are detected increasingly after approximately age 30 (e.g., 16,18). At about the
same time, neurofibrillary tangles also begin to appear. Although such temporal
correlation is imprecise in the relatively limited number of patients with DS re-
ported to date, a consensus has emerged that diffuse A� plaques precede the other
AD-type changes that occur in DS. The early accumulation of diffuse plaques is
assumed to be caused by the elevated �APP gene dosage and the documented in-
crease in �APP expression and A� levels found in these patients (e.g., 59).

APP transgenic mice experience high brain expression of APP from birth
and are thus analogous in part to patients with DS. However, the mice reported
to date have the additional influence of an FAD-linked missense mutation
flanking the A� region of APP (57,58). Although such animals have high neu-
ronal expression of the APP transgene as well as high levels of soluble A�
within their brains from birth, they develop diffuse and compacted A� plaques
resembling those of AD beginning around 5–7 months (mice normally live to
about 2–3 years). During the next several months, the transgenic mice show
increasing numbers of A� deposits, many of which are now Congo red-
positive (suggesting that they contain fibrillar amyloid), and electron mi-
croscopy clearly reveals filamentous amyloid cores (60). Moreover, after A�
plaques develop, the mice show morphologically and immunocytochemically
abnormal neurites intimately associated with the amyloid plaques (57,58,60).
Cytoskeletal proteins such as the microtubule associated protein 2 (MAP 2),
the neurofilament protein, and even the tau protein can show abnormal im-
munoreactive patterns in these dystrophic neurites and in some nearby neu-
ronal cell bodies (57,58,60,61), although full-blown neurofibrillary tangle
formation has not been reported to date. A brisk reactive astrocytosis occurs
within and around the A� plaques, and activated microglial cells occur near
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the centers of many of the plaques (60,61). Confocal microscopy of the mouse
plaques and immunostaining for synaptic proteins indicate that degeneration
and loss of synapses is occurring, particularly in the vicinity of the plaques
(57). To what extent the progressive amyloidotic, neuritic, astrocytic, and mi-
croglial pathology observed in the transgenic mice leads to reproducible be-
havioral impairment is not yet clear (57,58,61a), but the degree of
neuropathological lesions makes this likely.

Although the rather rapid acquisition of AD-like lesions in the mice result-
ing from high expression of �APP from birth cannot be considered an ideal
model of AD, these transgenic mice clearly provide a highly useful and ma-
nipulable experimental model of the Alzheimer process. Additional morpho-
logical and neurochemical analyses of various transgenic mice of increasing
age will further establish how closely the animals’ disease resembles the AD
pathological process and in which ways it differs. Several mammalian models
of the aging brain also have shown that fibrillar A� is toxic to neurons (60a).

Assuming that studies of disease progression in DS and in the transgenic
mice are relevant to the mechanism of AD, one may postulate that the gradual
accrual of amyloidogenic A� peptides in the form of first diffuse and then fib-
rillar plaques may result in local cellular effects that include reactive astrocy-
tosis, activation of microglial cells, and alterations of nearby axons and
dendrites (Fig. 2). The extent to which these cytotoxic events derive from
properties of the aggregated A� protein itself or from the numerous �-amy-
loid-associated proteins that have been detected in plaques is yet unclear.
These associated polypeptides, some of which have been referred to as
“pathological chaperones” because of their putative role in enhancing the ag-
gregation, deposition, and toxicity of A�, include the normally secreted pro-
teins, �1-antichymotrypsin (62), ApoE (63), serum amyloid P component
(64), basement membrane-associated heparan sulfate proteoglycan (65), and
various components of the classical complement pathway (66,67). Activated
microglia, which become associated with maturing plaques, are capable of re-
leasing a number of well-characterized cytokines that can, in turn, stimulate
local astrocytes to release yet other proteins, including �1-antichymotrypsin
and ApoE. The serum amyloid P protein, which is associated with all forms
of central and peripheral amyloid deposits, is not expressed in the brain and
thus must come to the plaque via passage across the blood–brain barrier (64).
To what extent other circulating molecules (including A� itself) breach the
barrier to contribute to the pathological changes is unclear. 

It can be concluded that many proteins potentially capable of exerting bio-
logical activity on surrounding neurons and glia accumulate within the amy-
loid plaque. We thus face an embarrassment of riches in terms of potential
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effectors of AD cytopathology. At exactly which point axons and dendrites in
the vicinity, as well as their cell bodies of origin, undergo an activation of ki-
nases, deactivation of phosphatases, or both, that result in the hyperphospho-
rylation of tau proteins underlying tangle formation is difficult to say (68,69).
In all probability, the multiple molecular and cellular alterations found in AD
cortex develop at varying rates but in reasonable proximity to each other.
Biochemical and morphological changes can presumably occur in cortical and

Fig. 2. A hypothetical sequence of the molecular pathogenesis of familial forms of
Alzheimer’s disease.
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subcortical neurons and their processes, which are not intimately associated
with amyloid deposits. Subcortical neurons in regions such as the cholinergic
nucleus basalis of Meynert, the noradrenergic locus ceruleus, and the serotin-
ergic median raphe nuclei, whose axons all project into plaque-rich cortical
areas, often show shrinkage, neurofibrillary tangle formation, and cell loss.
The complex array of plaque-associated and non-plaque-associated cy-
topathology one observes by the end stage of AD may ultimately be very dif-
ficult to order into a precise sequence of temporal evolution. 

The fact that neurofibrillary tangles arise in a variety of etiologically unre-
lated diseases in the absence of A� deposits suggests that they represent a re-
sponse of neurons to a range of insults and are not specific for the amyloidotic
process. The same may also be true of the tau-positive neuropil threads in the
cortex, which can also occur in some degenerative diseases bearing tangles but
lacking amyloid. On the other hand, the neuritic plaque, with its severe astro-
cytic and microglial cytopathology, is far more specific for AD and DS. The
observation that abundant A� deposits can be found in some cognitively nor-
mal elderly subjects, theoretically arguing against an important role for amy-
loid deposition, can be countered by pointing out that the vast majority of these
deposits are of the diffuse type, lacking neuritic and glial alteration. This fact
presumably explains why they are not associated with clinical dysfunction. A
rough analogy could be made to clinically silent fatty streaks of cholesterol in
the vasculature; as presumed precursors to clinically important atherosclerotic
lesions, their abundance alone does not correlate precisely with disease symp-
toms, as is the case for diffuse plaques. On the other hand, the total number and
density of diffuse and neuritic plaques are usually far higher in AD patients
than in age-matched normal subjects (e.g., 70), just as the extent of cholesterol-
rich plaques of all types is often higher in patients with symptomatic athero-
sclerotic cardiovascular disease than those free of symptoms. 

The multiple neurotransmitter alterations in AD brain tissues that began to be
uncovered in the late 1970s are now known to include several monoaminergic
and neuropeptide deficiencies beyond the loss of cholinergic function that was
first described. In the context of the complex, multicellular pathological cascade
discussed above, it comes as no surprise that AD does not affect a single neuro-
transmitter system. Indeed, morphological studies have demonstrated that any
one amyloid-bearing neuritic plaque may contain altered neurites derived from
neurons of multiple neurotransmitter specificities. These considerations provide
one explanation for the general lack of robust symptomatic improvement in pa-
tients given cholinergic replacement therapy such as acetylcholinesterase in-
hibitors. Based on this reasoning, one can provide a flow chart that describes a
hypothetical sequence of changes underlying the development of clinical de-
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mentia in familial forms of AD (Fig. 2). Clearly, this kind of scheme is specu-
lative, but a number of the elements of the temporal sequence can be justified
on the basis of the published information reviewed above. Whether there are
forms of AD in which the cerebral accumulation of A� and the gradual forma-
tion of particulate A� deposits (diffuse plaques) followed by filamentous amy-
loid deposits (neuritic plaques) are merely late secondary or tertiary events
remains to be seen. No compelling evidence for such a scenario has arisen. 

Molecular Elucidation of Alzheimer’s Disease
Predicts Novel and Effective Therapies

A truism of biomedical science is that the development of therapies expected
to slow or arrest the progression of a disease requires as detailed an understand-
ing of the molecular pathogenesis as possible. The tools for screening a wide
array of compounds for efficacy in AD are already in hand and include cell cul-
ture systems and the transgenic mouse models, and there is an array of rational
therapeutic targets (70a). Among these potential targets, the inhibition of A� se-
cretion from neuronal and nonneuronal cells is being actively pursued.  One way
this can be accomplished is by designing specific inhibitors of the �- and 
-se-
cretases, once these proteases are definitively identified and cloned. Screening on
cells that continuously secrete A� is well under way and should lead to the iden-
tification of compounds that act by a variety of mechanisms. However, there may
be other ways of lowering A� production that do not involve direct inhibition of
these enzymes. In any event, screening on cells that continuously secrete A� is
well under way and should lead to the identification of compounds that act by a
variety of mechanisms. One specific question regarding this approach relates to
whether chronic treatment with cholinergic agonists will result in increased pro-
cessing of �APP molecules by the �-secretase pathway and thus significantly di-
minished production of A� (71,72). Such a possibility can initially be examined
in transgenic mice, in which both cerebral and CSF A� levels can be measured,
but it must then be confirmed in treated patients by measuring CSF A� levels. A
variety of other first messengers may turn out to be at least as effective as cholin-
ergic agonists in shifting �APP processing from the �- to the �-secretase path-
way. Recent work by Elan scientists (70b) suggests yet another approach. They
were able to demonstrate that immunization with A� both prevented deposition
of A� and to some extent cleared A� deposits from the brains of PDAPP trans-
genic mice. These intriguing results raise the possibility of immunization that
might prevent and reverse the pathological cascade of the disease.

A therapeutic approach that seems particularly attractive is to attempt to slow
the aggregation of the secreted A� peptide into its fibrillar, putatively cytotoxic
form. In vitro studies indicate that certain small molecules, including the amy-
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loid-binding dye Congo red, can retard the aggregation of synthetic A� peptides
into high molecular weight aggregates. Compounds that interfere with A� as-
sembly into amyloid fibrils could act in the extracellular space of the brain and
thus avoid interference with the metabolism of �APP and other molecules in-
side cells. Full-length �APP and its various metabolites, including APPs and
perhaps even A�, have normal functions, whereas the aggregated forms of A�
that plaques are composed of are believed to represent solely pathological moi-
eties. Thus, interfering with A� aggregation, if it can be done in a selective fash-
ion, would avoid effects on the metabolism of �APP and other molecules. The
transgenic mouse models, which have fibrillar amyloid plaques, should be a rea-
sonable system in which to evaluate the efficacy and safety of such compounds. 

Yet another therapeutic approach based on the growing understanding of
presymptomatic events in AD is the use of anti-inflammatory drugs that could
interfere in part with the microglial activation, cytokine release, and acute
phase response that occur in maturing amyloid plaques. Epidemiological evi-
dence suggests that individuals who have been on nonsteroidal anti-inflam-
matory drugs may have a lower likelihood of developing the pathological and
clinical features of AD. One may assume that the inflammatory process that
appears around amyloid plaques is sufficiently distinct from peripheral forms
of inflammation that it will require specialized anti-inflammatory compounds,
which could again be identified and characterized in transgenic mice.

The devastating impairment of higher cortical functions that characterizes
AD must ultimately be attributed to profound neuronal dysfunction and degen-
eration. Therefore, a variety of neuroprotective strategies can be envisioned in
this disorder. One relatively specific approach would be to attempt to design
compounds that interfere with any altered signal transduction pathways that are
proven in the future to mediate the effects of extracellular amyloid filaments and
their closely associated molecules on neuronal homeostasis. However, no single
cell-surface receptor for A� in its monomeric or aggregated form has yet been
found to fully mediate the toxicity. Instead, present evidence predicts that ag-
gregated A�, by chronically altering the milieu of the neuronal surface, may
trigger dysfunction of several or many cell-surface molecules and subsequent
inappropriate activation of more than one second messenger system. Agents that
could hypothetically interfere with such a process could include compounds that
coat the amyloid aggregates in a way that makes them “invisible” to the cell or
molecules that inhibit a downstream effector pathway inside the neuron.

In addition to such approaches directed at the specific neurotoxic cascade pu-
tatively induced by amyloid, therapies could be applied that might be equally
applicable to AD and other neurodegenerative disorders. Such strategies might
include the use of inhibitors of excitotoxicity, agents that block calcium entry,
free radical scavengers and other antioxidant treatments. Evidence is mounting
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from in vitro studies that aggregated A� induces multiple features of oxidative
injury in cultured neurons (e.g., 73). Another general approach to retarding neu-
rodegeneration that might also be applicable to AD would be neurotrophic ther-
apy. However, besides the considerable technical hurdles that must be overcome
to chronically deliver neurotrophic peptides to the appropriate sites in the brains
of elderly subjects, at least two theoretical concerns arise. First, some indirect
evidence from tissue culture studies suggest that nerve growth factor treatment
can potentially augment �APP expression and perhaps its turnover into A�,
something which would presumably not be desirable on a long-term basis in AD
patients. Second, evidence exists that an apparent trophic or sprouting response
already occurs in many cortical and limbic neurons (e.g., 74). This observation
suggests that upregulation of trophic influences may actually be contributing in
part to neuronal dysfunction in the disease. 

It has been assumed that it will still take a long time to develop compounds
that affect any of the therapeutic targets summarized above. But the rate of
progress in elucidating the fundamental mechanism of the disease and, in par-
ticular, the pathogenic role of A� deposition, is sufficiently high to expect
more refined therapeutic targets to emerge in the next 2 to 4 years. It may be,
for example, that �- and 
-secretase enzymes will be identified, and cloned
and then characterized as to possible mechanisms of inhibition. Moreover,
prototype inhibitors of the cellular production of A� or its subsequent fibril-
logenesis could emerge in just the next few years. In any event, a number of
therapies advocated for neurodegenerative diseases in general, such as an-
tioxidants and neuronal calcium channel blockers, are already advancing in
clinical trials in AD patients soon.

The combined power of genetics, molecular biology, and biochemistry have
produced remarkable advances in our understanding of the causes and mech-
anisms of AD. Given the great prevalence of the disease, the personal tragedy
it represents for the patients and their families, and the enormous societal
costs, estimated at upwards of $100 billion in the United States alone, one can
safely predict that even more intensive effort on the part of academic and
pharmaceutical laboratories will be brought to bear on the problem in the
months and years ahead. The outcome could be that AD becomes one of the
early examples of the amelioration or even prevention of a major, fatal brain
disorder based on a thorough understanding of its molecular mechanism. 
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5
Genetic Testing in the Early Diagnosis
of Alzheimer’s Disease

Deborah Blacker and Rudolph E. Tanzi

INTRODUCTION

Given the clear role of genetic factors in the development of Alzheimer’s
disease (AD), and the identification of several genes involved in the disease,
genetic testing presents some interesting possibilities for the early diagnosis
of AD. However, genetic tests for AD are complicated because of the genetic
complexity of the disease, which limits the predictive value of genetic tests.
Genetic testing for early diagnosis is further complicated because it lies be-
tween genetic testing for diagnosis of patients who clearly have a dementia
consistent with AD, and genetic testing for prediction of AD onset in currently
asymptomatic individuals.

More critically, genetic tests for AD, whether used for diagnosis or for
prediction, carry the risk of invasion of privacy and discrimination in insur-
ance, employment, and other settings (1–5). These types of ethical concerns
may be more serious for genetic testing because genetic tests may appear
more definitive, and because they have implications for other family mem-
bers. These social and ethical concerns are discussed more fully in Chap-
ter 12.

This chapter focuses on current knowledge of AD genetics and diagnostic
and predictive genetic testing, and reviews: 1) what is known about the role of
genes in AD onset; 2) available data regarding genetic information in the di-
agnosis of AD, in the progression from questionable impairment to AD, and
in the prediction of AD; 3) available genetic tests for AD and formal recom-
mendations regarding their use; and 4) the implications of all of this informa-
tion for the role of genetic testing in the early diagnosis of AD. In each case,
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the issues are discussed separately for early-onset AD (conventionally defined
as before age 60), and late-onset AD (onset at 60 and beyond), since the ge-
netic data differ for each group.

Genetics of Alzheimer’s Disease

AD is a genetically complex and heterogeneous disorder. Roughly 5% of
AD occurs under age 60 and is designated early-onset AD. Early-onset AD
often displays autosomal dominant inheritance with virtually 100% pene-
trance (6–8). Three gene defects are known to cause early-onset AD in fami-
lies: presenilin 1 (PS-1) on chromosome 14 (9,10), presenilin 2 (PS-2) on
chromosome 1 (11,12), and the amyloid-� protein precursor (APP) on chro-
mosome 21 (13,14). Late-onset AD has been associated with “public poly-
morphisms” in genes (i.e., common variations) that serve as genetic risk
factors for the disease. While familial clustering is also found in late-onset
AD, censoring due to the death of some family members from other age-
related illnesses makes it difficult to assess the mode of inheritance. The
apolipoprotein E gene (ApoE) on chromosome 19 is associated primarily with
late-onset AD (15,16), and appears to act as a risk factor and modifier of age
of onset. Several other public polymorphisms have been associated with late-
onset AD, but none of these has been definitively established.

Genetics of Early-Onset AD

Initial efforts to understand the role of genetics in AD in the early 1980s fo-
cused on extremely rare, large, multigenerational early-onset AD families.
The first gene to be genetically linked with this form of AD was APP (13,14),
which has been shown to contain six different pathogenic mutations (6), all of
which are missense mutations lying within or close to the domain encoding
the A� peptide, the major component of �-amyloid in AD. However, muta-
tions in APP account for only two to three percent of early-onset AD pedi-
grees (6). The age of onset of AD reported for individuals with mutations in
APP ranges from 39 to 67. Of note, transgenic mice expressing AD mutations
in APP produce numerous �-amyloid deposits in the form of classical senile
plaques but do not exhibit significant neurofibrillary tangles or neuronal and
synaptic loss (17,18).

PS-1 on chromosome 14 was identified in 1995 by a positional cloning
strategy (9,10). The PS-2 gene on chromosome 1 was isolated in a group of
related families of German descent from the Volga River region in Russia (the
“Volga Germans”) based on its extensive genetic sequence homology to PS-1
(11,12). PS-1 has been reported to harbor over 50 different AD mutations in
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over 80 families of various ethnic origins. These mutations account for
roughly 30% to 40% of early-onset AD and the vast majority occurring under
age 50 (6,19). By contrast, PS-2 has been found to contain only two different
familial AD mutations and one apparently “sporadic” AD mutation (19). The
reason for the large difference in the number of AD mutations in PS-1 and PS-2
is not obvious, although mutation analysis of PS-1 may have outpaced that of
PS-2.

All except two PS mutations are missense mutations that result in single
amino acid substitutions. The exceptions are a mutation that deletes exon 9 from
PS-1 in three different AD kindreds (20) and a splice-donor deletion in intron 4
of PS-1, which leads to truncation following intron 4 (21). Two major clusters
of mutations are observed in PS-1 in exons 5 (13 mutations) and 8 (13 muta-
tions), which harbor more than 50% of the known PS-1 mutations.

While the mean age of onset in PS-1-linked AD pedigrees is approxi-
mately 45 years (range: 28–64 years), in the Volga German families carrying
the N141I mutation in PS-2, it is 52 years, but with a broader range (40–85
years). Thus, it may be necessary to look for PS-2 mutations in AD kindreds
with later onset than those that have been traditionally used to search for mu-
tations in early-onset AD genes. The mutations in PS-1 appear to be fully
penetrant, with one reported exception (22). Studies to date suggest that
ApoE genotype has no effect on the age of onset or phenotype of AD in pa-
tients with PS-1 mutations (23). In contrast, ApoE genotype has been re-
ported to affect the age of onset and degree of amyloid burden in patients
with APP mutations (24).

Genetics of Late-Onset AD

Late-onset AD is considerably more genetically complex than the early-
onset forms of AD. Several lines of genetic and epidemiological evidence
from population, family, twin, and segregation studies indicate that genes play
a major role in its etiology (25–30). In addition, few other risk factors aside
from age itself are clearly established (31). Thus, genetic studies are a princi-
pal means of learning about this devastating disease. Several factors must be
considered in the search for genes involved in late-onset AD (7). First, the
base rate of the disorder is high, and rises steeply with age [10% of individu-
als over age 65, and as many as 50% of individuals over 85 (32)]. Thus, some
clustering in families may be due to chance alone. For the same reason, it is
also somewhat likely that one family will include multiple sources of disease.
Second, late-onset AD occurs very near the end of the life span, so that many
individuals do not survive the age of risk. This makes it difficult to assess the
mode of inheritance, or even to derive an accurate estimate of the increase in
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the risk of AD in relatives of AD cases. Third, elderly patients have a greater
risk for developing other causes of cognitive decline (e.g., stroke) than
younger individuals, making the risk of false positive diagnosis (from the ge-
netic point of view, phenocopies) somewhat higher in this age group. Efforts
to avoid false positive diagnosis inevitably lead to diagnostic insensitivity, and
thus some AD cases are missed within potentially informative families, fur-
ther complicating efforts to understand the genetics of late-onset AD.

The only confirmed late-onset AD gene is ApoE-4. ApoE was the second
AD-associated gene to be identified and acts as a major risk factor for late-
onset AD (15,16). ApoE is the major serum protein involved with cholesterol
storage, transport, and metabolism. ApoE has three alleles, designated 2, 3,
and 4. In mixed Caucasian populations in the United States and Europe, ap-
proximate ApoE allele frequencies are as follows: ApoE-2, 8%; ApoE-3,
80%; and ApoE-4, 12% (33,34). The ApoE-4 allele is associated with in-
creased risk for AD, while the ApoE-2 allele is associated with decreased risk
(7,8,35). Investigators first noted that the ApoE-4 allele was overrepresented
in early- and late-onset familial and sporadic cases, and this association has
been confirmed in numerous studies (8,35,36). The ApoE-2 protective effect
(37) has been observed less consistently, in part due to a decrease in statisti-
cal power to detect this effect associated with lower baseline frequency, but
it was clearly confirmed in a large metaanalysis (35). Instead of acting “de-
terministically,” ApoE-4 acts as a risk factor and ApoE-2 as a protective fac-
tor for the disease. Although many ApoE-4 homozygotes develop AD, many
do not (36,38,39). For example, one population-based study showed that
85% of elderly individuals (average age 81) with the ApoE-4/4 genotype had
normal performance on a mental status screening test (38), and one family-
based study noted that there were 15 individuals who were cognitively intact
despite having both the ApoE-4/4 genotype and two younger siblings with
AD (36).

Current research suggests that ApoE may act primarily as a modifier of age
of onset. For instance, Meyer and coworkers (40) found in a population-based
study of 4932 elderly individuals that onset occurred earliest in individuals
with the ApoE-4/4 genotype, than in those with one copy of ApoE-4, and than
in those with none, and that each group showed a plateau beyond which on-
sets were not observed. This dose-dependent effect of the ApoE-4 allele has
been observed in many studies, with earliest onset seen fairly consistently in
individuals with two copies of ApoE-4 (41,42). However, some studies find
that having only one copy of ApoE-4 has little effect on age of onset (36). The
peak effect of ApoE-4 appears to occur in the 60s (35,36). While ApoE-4 has
been confirmed as a strong risk factor for AD, it is clearly not necessary for
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the development of AD at any age: in fact, some 35 to 60 percent of AD cases
do not carry the ApoE-4 allele, and only 12 to 15 percent are homozygous for
ApoE-4 (7,43,44).

Another group of recent studies have suggested that the observed association
of ApoE-4 with AD may be due to linkage disequilibrium (i.e., genetically as-
sociated, due to close proximity on the chromosome) with polymorphisms in
the promoter for ApoE. These polymorphisms have been found to be associated
with both inheritance of ApoE-4 and increased risk for AD (45,46). Thus, it is
conceivable that the ApoE-4 genotype is actually in linkage disequilibrium with
genetic alterations in the ApoE promoter, which modify age of onset. It will be
important to determine whether these or other polymorphisms in the ApoE pro-
moter significantly alter the transcription of the ApoE gene in brain: transcrip-
tion of ApoE-4 in the brains of affected individuals with the ApoE-3/4 genotype
has been reported to be 1.5-fold higher than in elderly control subjects with the
same genotype (47). In the absence of ApoE, transgenic mice expressing an AD
mutant form of human APP displayed dramatically reduced �-amyloid deposi-
tion compared to the same mice in the presence of ApoE (48). Thus, increased
levels of ApoE protein in brain owing to promoter alterations could conceivably
be directly linked to the promotion of AD neuropathology.

Recently, the �2-macroglobulin (A2M) gene on chromosome 12p12-p13 has
been reported to be associated with AD (49). Evidence for association was strong
in family-based association tests, with an estimated 3.5-fold increase in risk for
the A2M-2 allele tested. The association is biologically plausible, since �2-
macroglobulin is known to attenuate A� fibril formation, to affect A� degrada-
tion, and to interact with the low density lipoprotein receptor, which is an ApoE
receptor and has been associated with AD (50–55). However, unlike ApoE-4, the
A2M-2 allele had no impact on age of onset, and there was little evidence of a
difference in allele frequency between affected family members and the general
population. This may be because A2m-2’s effect on AD risk depends on the pres-
ence of other familial factors, either genetic or environmental. In addition, there
was no evidence that the A2M association accounted for the prior report of ge-
netic linkage of AD to the centromeric portion of chromosome 12 (56).

A number of other genes have been reported to be associated with AD. As
noted above, the low density lipoprotein receptor-related protein (LRP) gene,
which encodes the neuronal receptor for ApoE and resides on the long arm of
chromosome 12, has been reported by several groups to be genetically asso-
ciated with AD (53,57,58). The gene encoding another ApoE receptor, the
very low density lipoprotein receptor-related protein (VLDL-R), has also been
reported to be associated with AD (59,60). The �1-antichymotrypsin (ACT)



110 Blacker and Tanzi

gene has also been proposed as a genetic risk factor for AD (61). In addition,
the “K variant” of the butyrylcholinesterase gene on chromosome 3 has been
reported to be associated with late-onset AD and to be synergistic with ApoE-
4 as a risk factor for AD (62), as has the transferrin gene nearby on chromo-
some 3, particularly in ApoE-4-positive AD patients (63). Other recently
proposed candidate AD genes include the HLA-A2 allele, which has been re-
ported to lower the age of onset of AD (64), and bleomycin hydrolase (65),
which is interactive with ApoE-4.

With the exception of ApoE-4, none of these genes can be viewed as es-
tablished AD risk factors, but all deserve further exploration. While some may
prove to be false positives, this large number of genetic associations lends fur-
ther support to the developing picture of a very complex etiopathogenic path-
way leading to the development of late-onset AD.

In view of this complex and still evolving picture, inheritance of mutations in
genes like those discussed above and others yet to be identified may be necessary
to confer initial susceptibility for AD, while ApoE-4 dose modifies age of onset.
In any event, these findings suggest that considerable work remains to elucidate
the genetics of late-onset AD, including the development of a better understand-
ing of the role of ApoE, reexamining the many other reported genetic associa-
tions, identifying additional genetic risk factors, and elucidating the interaction
among AD genetic risk factors. Moreover, we know based on identical twins who
are discordant for AD, or who have large differences in age of onset, that envi-
ronmental factors are also involved in AD; a still greater challenge will be eluci-
dating the role of these factors and their interaction with genetic risk factors.

Data on the Predictive Value of Genetic Tests

The utility of genetic tests for AD, like other tests used in medicine, de-
pends on their informativeness (66). For diagnostic testing, the statistics gen-
erally reported to quantify this informativeness are sensitivity, the ability of a
test to pick up true cases, and specificity, the ability of a test to correctly iden-
tify noncases. Predictive value positive, or the fraction of positive tests that
are true positives, is also frequently reported. For diagnostic testing in AD,
these are generally measured against an autopsy diagnosis of AD by research
diagnostic criteria (67). For prediction of AD onset, or of conversion to AD
from less clearcut impairment, the standard is generally a clinical diagnosis of
AD by research diagnostic criteria (68). Instead of formal assessment of sen-
sitivity and specificity, prediction studies sometimes simply report conversion
rates or odds ratios by genotype.

Still more critical than the test’s informativeness per se is its marginal in-



Genetic Testing in the Early Diagnosis of Alzheimer’s Disease 111

formativeness, which takes into account the information already available
from standard procedures to which the test would be added or for which the
test would be substituted. The informativeness of genetic tests for AD differs
greatly for the early- and late-onset forms of the disease, which are discussed
separately below.

Early-Onset AD

For early-onset AD, the predictive value of genetic tests has not been formally
evaluated, but it can be inferred from what is known about the genetics of the dis-
ease. Given the three known fully penetrant autosomal dominant AD genes, pre-
dictive testing is at least theoretically possible for some individuals. However,
even here the scientific issues remain complex for a number of reasons. A great
deal more complexity arises when the personal and social issues associated with
genetic testing are taken into account, as discussed in Chapter 12.

First, numerous practical issues limit the predictive value of genetic testing
for early-onset AD. In particular, the extensive locus and allelic heterogeneity of
early-onset AD vastly complicate the ability to make predictions based on ge-
netic tests, even in families with clearcut autosomal dominant inheritance. The
difficulty lies in establishing whether one of the three known genes is involved,
and, if so, which one, and in identifying the specific mutation segregating. For
families with onsets occurring in the 40s, currently available data suggest that a
mutation in PS-1 is very likely to be involved. However, because of the prodi-
gious allelic heterogeneity of this gene, genetic testing involves sequencing the
gene looking for any mutations. This makes testing both more complicated (and
thus more expensive), and less fully predictive. The meaning of a positive result
may be unclear because not all mutations are pathological, and the meaning of
a negative result may be unclear because some mutations can be missed or the
family may be harboring a mutation in  a different gene. Careful review of the
nature and location of the specific mutation as it relates to the known pathogenic
mutations in PS-1 described above may help clarify matters. In addition, the
predictive value is improved considerably if one or more affected members are
willing to be tested, and still more if a clear “escapee” (unaffected family mem-
bers well beyond the age of onset in that family) is also willing.

For onset beyond the 40s, the picture is still less clear. PS-2 and the still
rarer APP mutations account for a modest fraction of AD with an age of onset
between 50 and 60 years old. PS-1 is also sometimes associated with onset in
this interval. While tests for fully penetrant mutations in these genes are in
theory highly predictive of the development of AD, mutation screening is im-
practicable outside of a research context because these two genes account for
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less than half of AD developing in this age range. Thus, in practice, families
segregating these mutations are only likely to be identified in research stud-
ies, and no tests for these mutations are available outside of academic settings.

In any case, when considering genetic testing for the early diagnosis of
early-onset AD, the marginal information offered by even fully informative ge-
netic testing is unclear, and depends to a great extent on the status of the fam-
ily and the individual. For clearly symptomatic individuals in early-onset
families with autosomal dominant inheritance, the probability of AD is already
very high: the individual is known to have a 50% chance of carrying a patho-
genic mutation, and no other cause of memory impairment is likely at this age.
Thus, genetic testing may not contribute greatly to diagnostic confidence. For
questionably affected individuals in similar families, individuals with subtle
symptoms such as mild memory loss, seeking an early diagnosis of AD, the
probability that these symptoms represent AD remains fairly high, but undue
vigilance about their risk may lead them to over-interpret their symptoms.
Thus, the information offered by fully informative genetic testing might provide
reassurance for some, and confirmation of their fears for others. For currently
asymptomatic individuals from such families interested in predicting whether
AD will occur, the risk of developing AD at a young age is 50% in those with-
out testing, and could shift to either the population risk (which for early-onset
AD is extremely low; their risk for late-onset AD is unaffected) or 100% with
fully informative testing. Of course, as described in detail above, genetic test-
ing for early-onset AD is often considerably less than fully informative. More
critically, of course, the information offered has risks as well as potential ben-
efits. Fully informed consent for genetic testing must take into account both its
informativeness and the consequences of having the information, and given the
potential consequences, this process requires formal genetic counseling.

Late-Onset AD

The only clearly confirmed gene involved in late-onset AD is ApoE-4.
Other genes involved are altogether unconfirmed or too poorly characterized
to be considered for predictive or diagnostic use. In addition, only ApoE-4
shows the significant differences in allele and genotype frequencies between
affected and unaffected individuals that would appear necessary for diagnosis
or prediction. Thus, the focus of this section is on ApoE.

The role of ApoE testing in early diagnosis, generally in the face of a few
mild or non-definitive symptoms, is unclear, since this problem straddles the
boundary between diagnosis and prediction. We review here three general
classes of studies that may inform decisions about ApoE testing in early di-
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agnosis: 1) studies to date on ApoE-4 and the diagnosis of AD, 2) studies of
ApoE’s impact on the progression to AD in subjects with mild memory im-
pairment, and 3) studies of ApoE and the development of AD in cognitively
intact elderly individuals.

ApoE Genotype

DIAGNOSIS OF AD
Most of the data concerning the role of ApoE testing in the diagnosis of AD

address the specificity, sensitivity, and predictive value of ApoE-4 (usually but
not always defined as the presence of one or more ApoE-4 alleles) for an 
autopsy diagnosis of AD, often in the context of its relationship to clinical 
diagnosis.

Initial reports in well characterized samples with a large proportion of AD
cases suggested high sensitivity, specificity, and predictive value. Saunders
and colleagues (69) studied 67 patients with a clinical diagnosis of AD with-
out a significant family history of the disease. Of these, 85% proved to have
AD on autopsy by research diagnostic criteria. All patients who were ApoE-
4-positive had positive autopsies, indicating a specificity of 100% in this sam-
ple, while 25% of those who were ApoE-4-negative had an AD diagnosis at
autopsy, indicating a sensitivity of 75%. Kakulas and associates (70) repli-
cated a high specificity in a study of 66 cases of whom 82% met autopsy cri-
teria for AD, but they observed a sensitivity of only 46%.

Later reports with larger samples also suggested that an ApoE test might
contribute to the differential diagnosis of AD. Welsh-Bohmer and colleagues
(71) studied a sample of 162 patients with a clinical diagnosis of AD in a sam-
ple collected under the auspices of the Consortium to Establish a Registry for
Alzheimer’s Disease (CERAD). In this study, 86% proved to have AD on au-
topsy. ApoE-4 carrier status had a sensitivity of 83% and a specificity of 83%
for a later pathological diagnosis of AD. Given the high base rates of disorder,
this corresponded to a predictive value positive of 97%, and a predictive value
negative of 44%.

More recent studies have taken a broader perspective, and included patients
with and without a clinical diagnosis of AD, a more realistic situation from the
clinician’s point of view. In perhaps the most definitive study to date, Mayeux
and colleagues (72) studied 2188 patients evaluated for dementia in AD re-
search centers around the United States. Of these, 1833 received a clinical di-
agnosis of AD, of whom 1643 (87%) also received a pathological diagnosis.
Because this study obtained autopsies on patients with and without a clinical
diagnosis of AD, Mayeux and colleagues (72) were able to estimate the sen-
sitivity and specificity of clinical diagnosis alone, ApoE-4 carrier status alone,
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and a stepwise process including both. Judged against the pathological gold
standard, clinical diagnosis alone had a sensitivity of 93% and a specificity of
55%. ApoE-4 carrier status alone had a sensitivity of 65% and a specificity of
68%. However, if ApoE-4 testing was used only in patients meeting clinical
criteria for AD, the sensitivity was 61% and the specificity was 84%. These
figures are consistent with earlier studies, but somewhat more stably esti-
mated because of the larger sample sizes. In addition, these more complete
data allow one to examine the marginal benefit—and cost—of adding ApoE
testing to clinical diagnosis.

CONVERSION TO AD IN INDIVIDUALS WITH MILD SYMPTOMS

Studies of the prediction of conversion to full-blown AD in populations of
individuals with questionable status, denoted variously as minimal or mild
cognitive impairment or questionable dementia [e.g., a rating of 0.5 on the
Clinical Dementia Rating (CDR) scale (73)] are most applicable to decision-
making about early diagnosis of AD. Several such studies are underway, but
only two are currently available in the literature.

Petersen and colleagues (74) studied 66 patients with mild cognitive im-
pairment over a period of 4 to 5 years. During this period, 55% converted to
frank dementia. ApoE-4 carrier status was a strong predictor of conversion,
with a relative risk of approximately fourfold estimated in a survival model
based on time to conversion. However, many ApoE-4 positive individuals did
not convert, and many ApoE-4 negative individuals did.

Tierney and coworkers (75) studied 107 memory impaired patients over a
two year period during which 29 developed AD. Of these, 16 (55%) had an
ApoE-4 allele while the remaining 13 did not. In the nonconverting 78 pa-
tients, 26 (33%) were ApoE-4 positive, while 52 (67%) were not. A set of neu-
ropsychological tests were strongly predictive of outcome, and the combi-
nation of these tests and ApoE genotype performed best of all. Again, many
ApoE-4 positive individuals did not convert, and many ApoE-4 negative indi-
viduals did.

PREDICTION OF AD
Two classes of studies are most relevant to the understanding of ApoE for

predictive use. First, there are a large number of population-based studies of the
prevalence of AD by ApoE-dose, sometimes including information about age.
These studies virtually all show that ApoE-4 carrier status, and especially the
ApoE-4/4 genotype, is strongly associated with AD (7,8,34). However, because
these include prevalent cases, they have less relevance for early diagnosis.

A small number of studies have looked at the incident cases of AD in a gen-
eral elderly population. Kukull and associates (76) replicated the diagnostic
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studies using incident cases in a large well-defined population from a large
health maintenance organization, comparing 234 AD cases with 304 controls,
and showing that ApoE-4 carrier status greatly increased risk for AD: a three-
fold increase was noted for carrying one copy of ApoE-4, and a 34-fold in-
crease for two copies. Predicting onset based on carrying one copy of ApoE-4
would have yielded a sensitivity of 52% and a specificity of 74%; using two
copies yielded a sensitivity of 23% and a specificity of 99%.

A more relevant design follows a population for the onset of AD as a func-
tion of genotype. Payami and collaborators (25) followed 114 cognitively in-
tact individuals over age 75 for approximately 4 years, during which time 13
experienced the development of dementia, and an additional 28 developed
mild cognitive impairment insufficient to meet diagnostic criteria. They found
a strong effect of ApoE-4 status and an independent effect of family history
on the risk of developing either outcome.

In another prospective population-based study, Hyman and colleagues (38)
followed 1899 individuals aged 65 and over and had them repeat a delayed re-
call task over a 4- to 7-year period. ApoE-2 carriers had decreased risk of de-
veloping cognitive decline (odds ratio = 0.53), and ApoE-4 carriers had
increased risk of developing such decline (odds ratio = 1.37). However, as noted
above, 85% of the elderly ApoE-4 homozygotes in this sample (average age 81)
were unimpaired on the mental status test used. In another population-based
prospective study, Evans and colleagues (39) followed 578 individuals aged 65
years and higher, and found that ApoE-4-positive individuals had a 2.27-fold in-
creased risk of developing AD as compared to persons with the most common
genotype, ApoE-3/3. This study also concluded that if ApoE-4 was removed as
a risk factor for AD, the incidence of AD would decrease by only 13.7%.

Currently Available Genetic Tests for AD 
and Formal Recommendations for Their Use

Despite the complexities in genetic testing for AD, the desire for improved
diagnostic certainty and the prediction of disease onset is keen. Thus, market-
ing of tests for AD has recently begun, and is expected to expand with time.
Described here are what is currently available, and formal recommendations
about how it might be used.

Genetic Tests for Early-Onset AD

For early-onset AD with apparent Mendelian inheritance, there is now a 
PS-1-based test aimed at individuals with a family history of AD developing
before age 50. Because 70 percent of PS-1 mutations are genetically private,
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the test is based on sequencing the gene for mutations. This test is marketed
as a symptomatic or presymptomatic test by Athena Neuroscience, with a re-
cent price list indicating a charge of $895. The actual cost may be higher,
however, because better predictive value is obtained when an affected family
member and potentially an “escapee” are tested as well, as described above.

For AD developing in the 50s and early 60s with apparent autosomal dom-
inant inheritance, genetic testing is generally not available. It is occasionally
possible to screen for mutations in PS-1, PS-2, or APP if the family is thought
to be segregating such a mutation based on results obtained in a research 
project.

Formal panels that have reviewed the possibility of genetic testing for early-
onset AD (77–79) generally agree that such testing might proceed, whether for
diagnosis or prediction, but only in the context of fully informed consent, pre-
and postgenetic counseling, and careful protection of confidentiality. Genetic
counselling would have to include information about the uncertainties de-
scribed above, along with the personal and social risks described in Chapter 12.
The informed consent process for genetic testing in the diagnosis of AD must
consider the patient’s competence to understand these very complex issues,
and may require input from a surrogate decision-maker (78,80).

ApoE Testing for Late-Onset AD

For late-onset AD, the only genetic test currently available is an ApoE-4
test, which is marketed primarily as an adjunct to clinical diagnosis. ApoE
testing was listed on a recent price list at $225 by Athena Neuroscience. The
test is also offered by clinical laboratories in many institutions. Given the pop-
ulation at risk for AD, the potential market is enormous. Athena Neuroscience
also markets ApoE testing as a package with other tests based on the current
understanding of AD pathophysiology. These too are meant to serve as diag-
nostic adjuncts, and in preliminary studies have high predictive value in se-
lected samples, but have not been subjected to rigorous evaluation.

While ApoE-4’s involvement in AD is indisputable, its potential use in the di-
agnosis and prediction of AD has been marked by considerable controversy.
Because it is a risk factor gene and is neither necessary nor sufficient for the de-
velopment of AD at any age, genetic testing poses problems beyond those en-
countered in tests for Mendelian diseases, including the Mendelian forms of AD.

Although marketing for diagnostic purposes has been permitted, there is no
consensus on whether such use is appropriate (43,44,77–79,81–83). Available
data, as detailed above, suggest that positive tests may add confidence in the
differential diagnosis of dementia. However, most clinicians and investigators
agree that a thorough evaluation for treatable conditions is still required, and
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thus there is some doubt as to the marginal value of ApoE testing. In addition,
most of the data collected to date concern patients who were thoroughly char-
acterized clinically, including evaluation by expert clinicians (e.g., at CERAD
sites or AD Research Centers) and complete laboratory and neuroimaging
evaluation, and thus may not apply to patients without such an evaluation.
Given the potential personal and social implications, then, any additional di-
agnostic confidence may not be worth the cost. If such testing is undertaken,
it should include fully informed consent, pre- and posttest genetic coun-
selling, and careful attention to confidentiality. In addition, clinicians must
give careful consideration to the patient’s competence to make such a complex
decision (78,80), and may need to involve a surrogate in the informed consent
and counselling process.

The recommendations for predictive testing using ApoE genotype are clear.
Several national panels (43,44,77–79) have strongly recommended against
using ApoE genotyping to predict future risk for AD, and marketing for this
purpose is not allowed. There is a strong consensus that the level of prediction
offered by ApoE testing is too low for testing to be appropriate (84,85).
However, both patients and physicians sometimes mistake ApoE genotyping
for a predictive test, fueled by articles in the press and understandable worry
about the disease. Moreover, many individuals have already been tested for
ApoE-4 as part of a cardiovascular work up, presenting dilemmas for them
and their physicians. Genetic counseling may be useful in helping individuals
who already have this information understand its implications. In some cases,
individuals with a strong desire to undergo ApoE genotyping for predictive
purposes may be referred for genetic counselling to discuss their risk for AD
and the limitations of the ApoE test in clarifying that risk. Physicians’ under-
standing of the facts about ApoE and genetic risk factors in general is limited,
so educational efforts will be required to enable them to address their patients’
concerns in this area (84,85).

Implications for the Early Diagnosis of AD 

Formal recommendations such as those described above do not generally
address the issue of early diagnosis. Thus, decision-making must use available
data to extend the extant recommendations into uncharted territory.

For early-onset AD, testing for early diagnosis is certainly consistent with
the available guidelines. However, patients and their families must decide for
themselves whether the information gained from such testing is worth the as-
sociated emotional and social risks. Those who have preliminary interest in
such testing should be referred for formal genetic counseling. Even for indi-
viduals with only questionable symptomatology, the patient’s ability to par-
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ticipate in the informed consent process and truly understand the scientific
data and personal implications should be considered. Most individuals with
these very mild symptoms are competent to make their own decisions, but ge-
netic counselling may need to attend to their deficits in memory or executive
function, and they may benefit from the participation of a companion. 

For late-onset, ApoE testing poses particular challenges. Extrapolating the
results from standard diagnosis to early diagnosis, where the symptomatology
is insufficient to make a clinical diagnosis, is clearly inappropriate. Studies of
conversion from questionable to clear symptoms are better, but generally too
small to provide reliable estimates; in any case, they suggest that, although
risk is increased, the predictive value is limited. Nonetheless, the personal and
social risks remain large. ApoE testing for early diagnosis may in this regard
be more similar to predictive testing, but as yet no consensus has emerged. If
such testing is considered, fully informed consent, pre- and posttest counsel-
ing, and attention to confidentiality are critical. Again, the patient’s capacities
to understand both the predictive value and the emotional and social risks
must be taken into account.

As we anticipate the development of early interventions or preventive strate-
gies for AD, there is considerable pressure to develop the means to recognize
the disease very early in its course, almost before it starts. As specific early in-
terventions become available, and as our understanding of genetic testing de-
velops, the cost-benefit ratio of genetic tests will need to be reevaluated. For
instance, if a moderately toxic but definitively efficacious intervention is devel-
oped, even a test with only modest predictive value might be helpful in decision-
making. Another possible scenario is that the value of such an intervention
might vary by genotype, for instance, as part of a pharmacogenomic approach.

Meanwhile, it is important to seek additional knowledge that may improve
our understanding of AD genetics, to more fully explore the predictive value
of genetic tests in a variety of populations, to develop means to communicate
that understanding to primary care clinicians and their patients, and to limit
the social risks wherever possible. If we anticipate these needs now, we may
have safe, sensitive, and specific methods to achieve early diagnosis at our
disposal when we are ready to implement therapies aimed at preventing the
full manifestation of this devastating disease.
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6
Structural Imaging Approaches 
to Alzheimer’s Disease

Clifford R. Jack, Jr. and Ronald C. Petersen

The clinical diagnosis of probable Alzheimer’s disease (AD) is based on a
group of signs, symptoms, and test results (1–7). No single diagnostic test has
been identified, and a definitive diagnosis therefore requires biopsy or autopsy
confirmation. The formal role of imaging in establishing a clinical diagnosis
of probable AD is an exclusionary one—that is, to exclude possible causes of
dementia other than AD which may be identified through imaging. However,
investigators have sought to identify positive diagnostic imaging criteria,
which may aid in the clinical diagnosis of AD. A number of different imaging
techniques or modalities have been employed to this end. Functional imaging
modalities may reveal a characteristic regional bilateral temporal/parietal lobe
or posterior cingulate deficit in patients with AD. Functional deficits identi-
fied with positron emission tomography (PET) scanning include regional
deficits in glucose and oxygen metabolism as well as blood flow (8–10).
Single photon emission computed tomography (SPECT) may reveal similar
regional deficits in blood flow (11–13). More recently, deficits in regional
cerebral blood volume have been identified with magnetic resonance (MR)
perfusion techniques (14). Biochemical alterations have been identified with
MR spectroscopy. The two metabolites most commonly targeted for in vivo
MR spectroscopy studies are hydrogen and phosphorus. To date, the results
with 31P MR spectroscopy in the diagnosis of AD have not been overly
promising (15–17). Several studies, however, employing 1HMR spectroscopy
have identified decreased N-acetyl aspartic acid (NAA) as well as increased
myoinositol in the brains of patients with AD (18,19) compared to appropri-
ate controls. The final category of imaging techniques that has been employed
most extensively in the study of AD is structural anatomic imaging.
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Measures of Cerebral Atrophy

Both computed tomography (CT) and magnetic resonance imaging (MRI)
have been employed extensively as cross-sectional imaging modalities in the
study of AD. Both of these modalities contain two primary types of informa-
tion—voxel intensity information and information about gross neuroanatomic
structure. Pathological changes in the voxel intensity of brain tissue are most
commonly associated with the status of tissue hydration. Tissue damage (cere-
bral edema, demyelination, astrogliosis) will produce an increase in unbound
or free tissue water, which in turn manifests itself as increased signal on T2-
weighted MR images, decreased signal on T1-weighted MR images, or de-
creased intensity on CT images. The association between pathological
alterations in tissue intensity and forms of brain injury such as infarction,
trauma, and demyelination are well established. Although a number of inves-
tigators have attempted to link such signal intensity changes to the primary
neurodegenerative pathology found in AD, a consensus has not been reached
as to the validity of such a link (20–23). On the other hand, the second basic
type of information contained in both MR and CT images—depiction of gross
neuroanatomy—has been convincingly linked with the primary neurodegen-
erative pathology of AD in a consistent and universally recognized fashion.
Although deposition of amyloid plaques and neurofibrillary tangles in excess
of that expected for age are the pathological hallmarks of AD, cerebral atro-
phy is a widely recognized concomitant of the primary pathology of AD. The
ability of cross-sectional imaging techniques (MR and CT) to accurately de-
pict neuroanatomic structure, and thus accurately identify the cerebral atrophy
associated with the disease process in AD, has been confirmed in numerous
studies (20).

Because the cerebral atrophy that occurs as part of the primary pathology of
AD is a negative phenomenon, it must be characterized as a loss of tissue rel-
ative to “normal” elderly individuals. A number of different techniques have
been employed to accomplish this. Approaches to the characterization of
global or hemispheric cerebral atrophy can be divided into those which employ
categorization of MR or CT scans by means of visual ranking, and those which
employ a continuous quantitative measure of a particular anatomic feature such
as sulcal or ventricular size. In its most rigorous implementation the former ap-
proach is accomplished by collecting a battery of example cases, which are
representative of the various levels of atrophy (sulcal/ventricular enlargement)
into which the study scans will be grouped (24,25). For example, each study
scan may be assigned to one of four levels of atrophy: none, mild, moderate,
or severe. A finer gradation scale with a greater number of categories to which
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individual study scans are assigned may also be employed. For this type of vi-
sual ranking approach, a panel of expert raters is employed to rank the indi-
vidual study scans. Quality control is assessed by monitoring measures of
inter- and intrarater consistency in ranking scans. 

The second general approach to evaluating the cerebral atrophy which oc-
curs in AD is quantitative. The rationale for quantitation is that disease re-
lated cerebral atrophy exists along a continuum from mild to moderate to
severe (Fig. 1). Because cerebral atrophy exists in nature as a continuous
variable, it is logical that a continuous radiological descriptor (quantitative
measurement) is better suited to characterize this phenomenon than a cate-
gorical radiological descriptor (visual ranking into mild, moderate, or severe
categories). In addition, cerebral atrophy has also been identified as a feature
of “normal” aging. Although this is not universally accepted, a number of
studies have clearly established that age-related cerebral atrophy often occurs
in nondemented elderly individuals (26–29). The topic of “normal” aging
often involves semantic issues (30). One can consider normal as “typical”
aging whereby patients may have comorbidities that are felt to be commonly
encountered in aging but not felt to affect cognition. This is in contrast to
what some refer to as “supernormal” or optimal aging with virtually no co-
morbidities. The latter individuals are, however, uncommon. A problem that
has plagued attempts at using imaging measures of cerebral atrophy as a
marker of AD is distinguishing “pathological” atrophy of AD from the atro-
phy associated with “normal” aging. The pathological cerebral atrophy asso-
ciated with the disease process of AD itself is modeled as an additional
atrophic burden which is superimposed on the cerebral atrophy that occurs as
a feature of “normal” aging. Quantitative approaches lend themselves to sep-
arating the effects of normal from pathologic aging because quantitative age-
specific levels of cerebral atrophy in “typical aging” can be established for
comparison with patients. Several quantitative measures have been employed
as markers of the hemispheric atrophy which occur in AD. These can be cat-
egorized as linear, area, or volume measurements. These quantitative mea-
sures of hemispheric cerebral atrophy were initially employed with CT
scanning and later adapted to MR. Because the cerebral hemispheres are
morphologically complicated three-dimensional structures, one might as-
sume a priori that greater sensitivity and specificity would be found with vol-
umetric as opposed to more simple linear measurements. In general such a
hierarchy has been found with volume measurements outperforming area
measurements, which in turn outperform linear measurements (20).
Examples of linear measurements made from CT are the width of the frontal
horns, width of the third ventricle, and widths of various cortical sulci.
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Examples of area measurements made from single CT slices are measures of
the area of the lateral ventricles, frontal horn, third ventricle, and interhemi-
spheric fissures. Volume measurements of ventricular size and subarachnoid
space size have been made as well (20). More recently MR has been em-
ployed as the imaging modality of choice from which measures of brain vol-
ume, ventricular volume, total CSF volume, and hemispheric gray and white
matter volume are made (31,32).

Medial Temporal Lobe Atrophy

Although almost every study in which imaging measures of global or hemi-
spheric atrophy have been employed has identified a statistically significant
difference between the mean value found in AD patients and that found in
control subjects, invariably substantial overlap exists between individual
members of these two populations which in turn limits the clinical utility of
this approach for diagnosis in individual patients (20). It is highly likely that
this overlap between controls and AD patients is due in part to the manner in
which normal aging is defined when selecting subjects to serve as controls.
Most studies have employed as controls individuals who would fall into the
category of typical aging. The result is that most elderly control populations
in imaging studies include subjects with conditions that predispose toward
cerebral atrophy such as hypertension, and some may be in the preclinical
stages of dementia. Much better separation between AD patient and controls
would be expected if the control group was restricted to “supernormal” or
“healthy-aging” individuals.

In an attempt to increase the sensitivity of image derived neuroanatomic
measures of cerebral atrophy as a diagnostic marker of AD, a number of in-
vestigators in recent years have focused on detecting regional brain atrophy in
the medial temporal lobe regions. The rationale for this focus on the medial
temporal lobe in AD is the following:

1. A decline in declarative memory is a hallmark of AD.
2. The neuroanatomic substrate for declarative memory is the limbic medial tempo-

Fig. 1. Cognitive and morphologic continuum. Like cognition in the elderly, cerebral
morphology exists in nature as a continuum, without discrete categorization into mild,
moderate, or severe atrophy. Furthermore, both normal aging and AD are associated with
cerebral atrophy in a continuous, not a discrete, manner.
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ral lobe, particularly the hippocampus and anatomically related areas such as the
entorhinal cortex (33).

3. Cell loss and atrophy are consistent features of AD and the limbic anteromedial
temporal lobe, particularly the entorhinal cortex and the hippocampus, is involved
earliest and most severely by the neurofibrillary pathology of AD (34–38)(Fig 2).

Several investigators have employed qualitative ranking (39–41) or linear
measurements (43,44) of anteromedial temporal lobe atrophy on CT scans to
effectively separate AD patients from elderly controls. More recently a great
deal of interest has arisen in employing MR-based measures of anteromedial
temporal lobe atrophy in the diagnosis of AD. The rationale for employing
MR (as opposed to CT) to evaluate neuroanatomic changes in this region of
the brain is: superior soft tissue contrast with MR; MR does not suffer from
beam hardening artifacts in this region of the brain as does CT; and the mul-
tiplanar capability of MR which permits the optimal anatomic display of this
region of the brain in the coronal plane. 

As with quantitative measures of hemispheric atrophy, investigators have
employed linear, area, and volume measures of anteromedial temporal lobe at-
rophy. An example of quantitative MR-based linear measurements of medial
temporal lobe atrophy is the interuncal distance (45,46). Seab and colleagues
(47) described area measures of several neuroanatomic structures from a sin-
gle MR slice, the most effective measurement at separating controls from AD
patients was the area of the hippocampus. Finally, in the past several years a
number of investigators have reported MR-based measurements of the volume
of various anteromedial temporal lobe structures to assess the atrophy associ-
ated with AD (48–57). A variety of structures have been measured. The most
common has been the hippocampus, but other neuroanatomic structures
which have been employed include the parahippocampal gyrus, temporal
horn, amygdala, parahippocampal CSF spaces, and the anterior temporal lobe
(48–57) (Table 1). A number of these initial studies describing MR-based vol-
ume measurements of the medial temporal lobe have reported extremely high
sensitivity in separating patients with AD from elderly control individuals.
Based on these initial studies, MR-based volume measurements of medial
temporal lobe structures have been proposed as a clinically useful test for the
diagnosis of AD. However, the published literature does not unequivocally
validate the utility of MR-based volume measurements of the medial tempo-
ral lobe in AD because:

1. The method of image acquisition varied among some of the reported studies, and
the earliest studies were performed during a period of rapid technical evolution of
MRI with methods that are no longer state-of-the-art.



Fig. 2. Selective anteromedial temporal lobe atrophy in AD. (A) Axial T1-weighted
MR images of two subjects—a 70-year-old woman with probable AD in the column on the
right and a 70-year-old cognitively normal woman in the column on the left. From top to
bottom the axial images progress from superior to inferior. Note the minimal difference
in the appearance of the brain (i.e., presence of cerebral atrophy) between the two sub-
jects in the two more cephalic axial sections through the cerebral hemispheres, and the
markedly more striking atrophy particularly of the hippocampus in the patient with AD
compared to the control (arrows) in the two basal sections through the temporal lobes. 
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Fig. 2. (cont.) (B) Coronal T1-weighted MR images of the same two patients in Figure 2A. Note the
pronounced atrophy of the hippocampus (arrows) in the patient with AD on the right compared to the age-
and gender-matched control.
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2. Anatomic boundary criteria for the various medial temporal lobe structures varied
significantly among the different studies.

3. Different structures or combinations of medial temporal lobe structures were eval-
uated in the studies.

4. Most importantly, the studies published before 1997 contain relatively small num-
bers of subjects. In many cases the control and patient subjects were highly se-
lected, which makes extrapolation of the results to the diagnosis of AD in a
general setting problematic. 

Medial Temporal Lobe MRI-Based Volume
Measurements at Mayo

In order to more thoroughly assess the possible utility of MR-based volume
measurements of anteromedial temporal lobe neuroanatomic structures in the
diagnosis of AD we undertook a study which employed a large number of
control and AD patients, state-of-the-art image acquisition and image-pro-
cessing techniques, and well-accepted neuroanatomic boundary criteria for
the various medial temporal lobe structures that were measured (58). MR-
based volume measurements of the hippocampus, parahippocampal gyrus

Table 1
Volume Measurements of Medial Temporal Lobe Atrophy in AD

Structure N Sens/Spec (Acc)* Ref.

Hipp/PHG 15 — 49
Hippocampus 44 (85%) 50
Hipp, T Horn 15 100%/100% 56
Amygdala/PHG 31 100%/100% 54
Hipp/CSF — (80%) 55
Amygdala 17 — 57
Hipp, amygdala 26 100%/100% 51
Hipp, amygdala 48 (92%)† 52
RT L, T Horn 60 100%/100% 53
Hipp, amygdala, whole brain, 30 (85%)† 48

fontal lobes, temporal lobes
Hipp, amygdala, PHG 220 82%/80%‡ 58

The neuroanatomic structures measured in each study are indicated: Hipp, hippocampus; PHG,
parahippocampal gyrus; T horn, temporal horn; ATL, anterior temporal lobe; CSF, cerebrospinal
fluid; N, the total number of subjects in each study.

*The sensitivity and specificity or accuracy (in parentheses) when cited, in discriminating AD
patients from controls on the basis of the volume measurements in first column. (Pearlson and col-
leagues employed SPECT scans in addition to MRI-based volume measurements.)

†Accuracy figure refers to measurements of the right amygdala–hippocampal complex.
‡Sensitivity and specificity figures refer to hippocampal volume measurements.
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(PHG), and amygdala were performed in 126 cognitively normal elderly con-
trols and 94 patients with probable AD. These three medial temporal lobe neu-
roanatomic structures were selected because these areas are involved early in
the course of the disease, and are depicted with a high level of anatomic clar-
ity with an appropriately performed MRI study. The clinical characteristics of
the 220 study subjects are found in Table 2. The control and AD groups were
well matched with respect to gender distribution and education, and fairly
well matched with respect to age. AD patients as expected scored substan-
tially lower on cognitive measures. Disease severity in AD patients was as-
sessed by the Clinical Dementia Rating (CDR) scale: very mild, CDR 0.5;
mild, CDR 1; moderate, CDR 2 (59). An important distinction is made be-
tween establishing a diagnosis of AD and ranking its severity. The former was
done according to NINCDS-ADRDA criteria, which emphasize a decline in
cognitive performance over time as an important benchmark in establishing a
diagnosis of AD. The CDR score was used as a staging instrument to rank dis-
ease severity at a specific point in time. It was therefore possible for patients
to meet NINCDS-ADRA criteria for AD and also be ranked as only very
mildly demented (CDR 0.5).

As mentioned previously, cerebral atrophy is a negative phenomenon that
must be assessed by comparing the volumes of the medial temporal lobe
structures of interest in affected individuals with a normal reference popula-
tion. The first aim of this study was therefore to characterize volumetric
changes in the hippocampus, amygdala, and PHG in normal aging in both
men and women. These volumes were then characterized in patients with AD,
and we then assessed the ability of these measures to discriminate between
AD and normal aging. 

Controls

In the group of 126 cognitively normal controls, the volume of each struc-
ture declined with increasing age and did so in parallel for men and women.
The mean nonnormalized volumetric decline in cubic millimeters per year of
age was 45.63 for hippocampus; 46.65 for the PHG; 20.75 for amygdala. The
data in Table 3 indicate that in normal elderly individuals both age and gen-
der affect the volume of the hippocampus, amygdala, and PHG. A third im-
portant variable that independently affects the volume of these medial
temporal lobe structures is head size. Larger people have larger cranial vol-
umes, and in turn have larger brain volumes including the three medial tem-
poral lobe structures of interest in this study. A method for controlling or
normalizing the individual medial temporal lobe structure volumes for in-
terindividual variation in head size was therefore necessary, and this was ac-
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complished by dividing the medial temporal lobe structure volume by the
measured total intracranial volume of each individual subject (60,61). Mean
total intracranial volume in controls was 1393 cm3(+/-SD 133 mm3).

Patients With AD

A decline in normalized medial temporal lobe volumes with age was ob-
served among patients with AD, which paralleled the decline seen among con-
trol subjects (Table 3 and Fig. 3). Individual volume measurements in control
subjects and in patients were affected by the subjects’ age and gender in ad-
dition total intracranial volume (Table 3). In order to isolate the relationship
between disease status (control vs AD) and structure volume, normalized vol-
umetric percentiles in controls specific for age and gender were calculated for
each of the three medial temporal lobe structures of interest (62). Age and
gender-specific normalized volumetric percentiles among AD patients were
then determined and converted to W scores using the inverse of the standard
normal distribution (a percentile value of .95 corresponding to a W score of
1.645, for example). Thus, a W of zero indicates that volume is equal to that
expected for a normal subject after adjustment for age and gender. A value 
of �1.96 corresponds to a value which is at the 2.5 percentile of normals.
W scores were significantly lower than zero among AD patients 
( p  0.001) (Table 4). The differences among hippocampus, PHG, and amyg-
dala were significant ( p  0.001 ANOVA), and all pairwise comparisons
(paired t tests) were also significant (hippocampus vs amygdala, p  0.001;

Table 2
Characterization of Subjects

AD

Controls, CDR� 0 CDR � 0.5 CDR � 1 CDR � 2
(N � 126) (N � 36) (N � 43) (N � 15)

Variable Mean � SD Mean � SD Mean � SD Mean � SD

Age 79.15 � 6.73 72.92 � 8.43 73.47 � 9.68 75.87 � 8.71
Education 13.43 � 2.96 13.33 � 2.91 12.98 � 2.69 12.38 � 2.47
MMSE* 28.60 � 1.26 21.60 � 4.36 18.16 � 4.47 13.93 � 5.99
DRS*† 135.14 � 6.95 112.79 � 13.72 101.33 � 20.75 89.62 � 25.58

CDR, Clinical Dementia Rating; MMSE, Mini-Mental State Examination; DRS, Dementia
Rating Scale.

*One case in each CDR group with missing values.
†One control, three cases in CDR � 0.5, four cases in CDR � 1, two cases in CDR � 2 with

missing values.



Table 3.
Relationship Between Normalized Volume, Age, and Gender in Control Subjects and AD patients

Controls AD Patients

Normalized
Gender Gender

Structure
Intercept Age (M � 0, F � 1) Intercept Age (M � 0, F � 1)

Volume B0 B1 B2 B0 B1 B2

Hippocampus 6.359 �0.0357*** 0.263*** 5.135 �0.029*** —
Amygdala 2.414 �0.0143*** — 1.790 �0.011*** —
Parahippocampal
gyrus 5.458 �0.0371*** 0.390*** 4.216 �0.025*** 0.250*

Values are derived from the following regression equation:

V � B0 � B1 (age) � B2 (gender)

where V � normalized MTL structure volume in mm3/ccm3

B0 � intercept
B1 � the calculated regression coefficient associated with age
B2 � the calculated regression coefficient associated with gender

***p  0.05.
***p  0.01.
***p  0.001.
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Fig. 3. Normalized hippocampal volume by age in control subjects and patients with
AD. Regression of the mean-normalized hippocampal volume by age in male (A) and fe-
male (B) control subjects and patients with AD. The upper and lower limits, dashed lines,
represent the 75th and 25th percentile values for each group. Hippocampal volumes of
AD patients are smaller than those of age-matched controls. Volumes in both groups de-
cline linearly and in parallel with advancing age. For clinical purposes the position of a
memory impaired elderly subject may be plotted and compared to age- and gender-
matched controls and AD patients.



Table 4
W Scores* in Patients With Alzheimer’s Disease

CDR� 0.5 (N � 36) CDR� 1 (N � 43) CDR� 2 (N �15)

Variable Mean W Value SD Mean W Value SD Mean W Value SD

Total hippocampus �1.752 0.939 �1.989 1.193 �2.225 1.183

Parahippocampal gyrus �0.874 1.035 �0.996 1.101 �0.512 1.344

Amygdala �1.026 0.973 �1.337 0.839 �1.355 1.035

The W score is the normal deviate relative to controls, adjusted for age and gender. All mean W scores were significantly different from 0 (the 
expected value for normal subjects), p  0.001.
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hippocampus vs PHG, p  0.001, amygdala vs PHG, p = 0.006) (Table 4).
The mean TIV of AD patients, 1369 cm3 (� SD 138 cm3), was not signifi-
cantly different from that of controls.

Discrimination Between Control Subjects and AD
Patients of Varying Severity

Using stepwise linear discriminant analysis (including age, gender, and TIV-
normalized volumes as independent variables) to predict AD, the only vari-
ables that appeared in the final model were hippocampal volume, hippocampal
volume squared, and age. Although all these terms were significant at the 0.02
level, the predication equation was dominated by the hippocampal volume
term, and the accuracy of the prediction was identical to that obtained using
hippocampal W scores alone. The sensitivity of hippocampal volumes to dis-
tinguish AD patients from control subjects was assessed by computing the per-
centage of AD patients with W scores at selected percentiles among control
subjects (Table 5). For example, at a fixed specificity of 80%, the sensitivity of
hippocampal volumetric measurements in discriminating control subjects from
patients was 77.8% for CDR 0.5, 83.7% for CDR 1, and 86.7% for CDR 2.
Discrimination between control subjects and AD patients was roughly equiva-
lent among the three AD severity groups at the 50th and 20th percentiles of
normal. Discrimination was greater for CDRs 1 and 2 than CDR 0.5 patients
at the 10th and 5th percentile of normal. At the first percentile of normal, dis-
crimination improved as the patient’s disease severity (CDR score) increased.
Hippocampal W values progressively decline (increasing atrophy) with in-
creasing CDR score in Table 4, which suggests that hippocampal volumetric
measurements are a sensitive marker of the degenerative neuroanatomic sub-
strate of the progressively more severe memory impairment seen with advanc-
ing CDR scores in AD. The most encouraging finding in this study was the
ability of hippocampal volumetric measurements to discriminate between con-
trol subjects and AD patients with very mild disease. The mean hippocampal
volume in very mild (CDR 0.5) AD patients was 1.75 SD below the control
mean, and 97.2% of all CDR 0.5 AD patients had hippocampal volumes below
the 50th percentile of normal. These data, derived from a large number of sub-
jects, demonstrate that MRI volumetric measurements of hippocampal atrophy
are a sensitive marker of the pathology of AD in its most mild form.

The sensitivity and specificity of hippocampal volume measurements in dis-
criminating between controls and AD patients this study is lower than was de-
scribed in several of the initial studies assessing the efficacy of volume
measurements of medial temporal lobe structures in making the diagnosis of AD
(48–57). Because of the large number of study subjects involved, the sensitivity
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and specificity reported here are probably more representative of that which can
be expected in a more generalized clinical setting. We believe that this type of
MR-based hippocampal volume measurement has sufficient sensitivity and
specificity to be a useful clinical adjunct, although it is not 100% accurate and
therefore will not be an absolute diagnostic test. A comparison of the normalized
hippocampal volume measurements of an individual patient with age and gender
specific normal percentiles as illustrated in Table 6 would provide a clinically
useful assessment of the presence and severity of hippocampal atrophy. Despite
the overlap in hippocampal volume measurements between probable AD patients
and elderly controls, a volume assessment of hippocampal atrophy should still be
clinically useful in assessing the possibility of AD in individual subjects. For ex-
ample, given an elderly patient complaining of a memory impairment, if hip-
pocampal volume measurements in that patient fell into the AD range, then a
clinical diagnosis of probable AD might be more strongly entertained, whereas
if the hippocampal volume measurements fell into the control range, a diagnosis
of AD might be considered less likely. There has been growing interest in mea-
suring volumetric changes in individuals wth “mild cognitive impairment”
(MCI). Early reports suggest that elders with MCI exhibit diminished hip-
pocampal or medial temporal volumes compared to cognitively healthy normal
controls (62a,62b). Elders with MCI may account for some of the observed over-
lap between nondemented elders and patients with a diagnosis of AD.

The sensitivity and specificity of MRI measures of medial temporal lobe at-
rophy as a marker of AD generally have been assessed by comparing volume
measurements in patients with a clinical diagnosis of probable AD to a
matched control population. While estimates of the statistical sensitivity and
specificity of the discriminatory power of these measurements may be as-
sessed in this fashion, the “clinical” specificity of MRI measures of medial

Table 5
Diagnostic Discrimination of Normalized Total Hippocampal Volume Adjusted
for Age and Gender*

Indicated Percentile of Normal

AD Patients 50% 20% 10% 5% 1%

CDR 0.5 (N � 36) 97.2 77.8 72.2 58.3 36.1
CDR 1 (N � 43) 90.7 83.7 81.4 67.4 53.5
CDR 2 (N � 15) 93.3 86.7 80.0 66.7 66.7
Overall (N � 94) 93.6 81.9 77.7 63.8 48.9

*Percentage of Alzheimer’s disease (AD) patients below indicated percentile of normal.
CDR � Clinical Dementia Rating.
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temporal lobe atrophy as a marker of AD can only be assessed by comparing
these volume measurements among different patient groups; for example, AD
vs frontal dementia, or AD vs normal pressure hydrocephalus. Few studies of
this type have been done. Hippocampal volume measurements have been
shown to discriminate AD patients from patients with dementia due to normal
pressure hydrocephalus (63). The clinical specificity of medial temporal vol-
ume measurements in discriminating among different conditions that share
medial temporal lobe atrophy as a common pathological feature is likely to be
low. Medial temporal lobe volume measurements are specific for neuro-
anatomic degeneration of this region of the brain, but are not disease specific. 

Serial Volume Measurements

The purposes of biological markers in AD can broadly be characterized as
follows:

1. To diagnose the disease in individual subjects
2. To follow the course of the disease
3. To assess the response to therapeutic intervention in both individuals and in

groups (i.e., drug trials)

Most imaging studies in aging and dementia have been cross-sectional in nature

Table 6
Age and Gender-Specific Normal Percentiles for Normalized 
Hippocampal Volume

Normal Percentiles

Age Gender 1 5 10 25 50

50 M 3.7364 3.9526 4.0593 4.2426 4.4906
F 3.9998 4.2159 4.3226 4.5059 4.7539

60 M 3.3790 3.5952 3.7019 3.8851 4.1332
F 3.6424 3.8585 3.9652 4.1485 4.3965

70 M 3.0216 3.2378 3.3445 3.5277 3.7757
F 3.2850 3.5011 3.6078 3.7911 4.0391

80 M 2.6642 2.8804 2.9871 3.1703 3.4183
F 2.9275 3.1437 3.2504 3.4337 3.6817

89 M 2.3426 2.5587 2.6654 2.8487 3.0967
F 2.6059 2.8220 2.9287 3.1120 3.3600

Values in the body of the table represent age and gender-specific mean-normalized hippocam-
pal volume in controls. The units are mm3/cm3 � 103. The 1st, 5th, 10th, 25th, and 50th percentile
values in controls are reported. The presence of hippocampal atrophy in an individual patient can
be assessed by comparing the normalized hippocampal volumes of that patient against those of
age- and gender-matched controls reported in this table.
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and have addressed item 1, that is, identifying imaging criteria that will help to es-
tablish the diagnosis of AD in individual subjects. However, items 2 and 3 provide
an equally valid rationale for the use of imaging markers in AD. Items 2 and 3,
however, necessitate longitudinal as opposed to cross-sectional study design. A
particularly attractive use for quantitative MR imaging in AD might center on item
3: to assess the response to therapeutic intervention as an independent marker of
the efficacy of a drug in the treatment of AD. The history of imaging markers of
hemispheric and regional atrophy in AD has been that significant differences be-
tween groups are consistently found, but overlap exists between individual mem-
bers of the control and the AD populations. While this is a substantial problem if
the goal of the imaging marker is to make a clinical diagnosis in individual pa-
tients, overlap among individuals becomes less of a problem in the setting of a
drug trial where the objective of the study is simply to demonstrate group differ-
ences between the treated and the placebo group. In order to effectively perform
a longitudinal quantitative imaging study, rigorous attention to the technical de-
tails of image acquisition and image processing must be addressed in order to
minimize the nonbiological variability in the imaging data. Nonbiological varia-
tion in quantitative imaging parameters will tend to obscure changes that are due
to biological change. For example, if a multiinstitutional drug trial were instituted
with a quantitative MRI measure designated as an independent assessment of drug
efficacy, the following items for study quality control would be mandatory. An
identical MRI scanning protocol would have to be instituted at each site. While
the MRI scanners themselves at the various sites need not be identical, a given pa-
tient scanned at two different points in time must be scanned on the same ma-
chine. Scanner quality control must be instituted to ensure that instrument drift
does not occur over time, and this quality control data should be analyzed at a cen-
tral site. An initial assessment of the baseline signal to noise ratio, and minimum
geometric fidelity criteria should be assessed at each site with a standardized
phantom. Monthly measurements of signal to noise and geometric fidelity should
be implemented at all sites. The handling, storage, and processing of the MR
image data should be performed at a single central site. Essential quality assurance
steps for the image processing aspects of the study should include documentation
of reproducibility as well as independent cross checking of the numeric output.
With this type of rigorous quality control, longitudinal quantitative MRI studies
may prove useful in this and other settings in the future.

Several groups have evaluated dementia populations using serial MRI-based
volume measurements. Fox and colleagues (64,65), evaluated seven members of
a family with an amyloid precursor protein 717 Val-Gly pedigree. These individ-
uals were in their 40s and 50s. Three of these individuals deteriorated cognitively
over the period of observation, and during this period their hippocampal volumes
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declined at a more rapid rate than normal controls and unaffected family mem-
bers. Moreover, right–left hippocampal volumetric asymmetry was present at
basline in the affected patients before overt clinical symptoms. At the opposite end
of the age spectrum, Kaye and coworkers (66) performed serial MRI-based
hippocampal and temporal lobe volume measurements as part of a study of the
oldest-old. Two groups were identified. A group of cognitively stable persons
(mean age: 86.8 years, n = 18) and a predementia group (mean age: 90.4 years,
n =12). The predemented group declined cognitively over the period of observa-
tion and at the time of publication seven were classified as probable AD and five
as possible AD. Kaye and coworkers (66) found that hippocampal volume de-
clined with age in parallel in the two groups and this measure therefore did not
distinguish the normal elderly from predemented subjects. However, the temporal
lobe volumes (initially and serially) were atrophic in the predemented group com-
pared to the normal group and this measure separated the two groups. Our own
studies (67) in serial MRI measurements have focused on subjects who are inter-
mediate in age between the relatively young familial subjects studied by Fox and
associates (64,65) and the oldest-old studied by Kaye and associates (66). We per-
formed serial MRI-based volume measurements of the hippocampi and temporal
horns in 44 subjects. Twenty-two cognitively normal subjects (mean age: 81.5)
were individually matched with respect to gender and age (� 4 years) with 22 pa-
tients with probable AD (mean age: 80.91 years). Each subject underwent an MRI
scanning protocol two times, separated by at least 12 months, and the annualized
rate of volumetric change for individuals in both of these groups was calculated.
The mean annualized rate of hippocampal volume loss among controls was
�1.67% � 1.36% per year and the temporal horns increased in volume by 6.28%
� 8.03% per year. The mean annualized rate of hippocampal volume loss among
AD patients was �3.84% � 1.93% per year. This rate was significantly greater in
cases than in controls, p  0.001. In AD patients, the mean change in temporal
horn volume was 13.58% � 8.19% per year. This rate was significantly greater
among cases than controls, p = 0.005. Therefore a statistically significant yearly
decline in hippocampal volume and increase in temporal horn volume was iden-
tified in normal elderly individuals.  The annualized rate of hippocampal atrophy
and temporal horn enlargement was approximately two times greater in patients
with AD than in individually age and gender matched elderly controls. 

Summary

Anatomic imaging measures of cerebral atrophy have been employed in the
diagnosis of AD for over a decade. Linear, area, and volume measures of
hemispheric and regional atrophy have been assessed with both CT and MRI.
Recent attention has focused on MRI-based volume measurements of medial
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temporal lobe atrophy. Medial temporal volume measurements are a clinically
useful marker of functional/anatomic neurodegeneration in this region of the
brain, but are not disease specific. Serial MRI-based volume measurements
may prove useful in following disease progression in individual patients and
as an adjunctive endpoint in AD drug trials.
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Functional Imaging in Alzheimer’s Disease

Reisa A. Sperling, Thomas A. Sandson, and Keith A. Johnson

The past decade has seen remarkable advances in the antemortem diagno-
sis of Alzheimer’s disease (AD). While clinical history and examination re-
main the foundation of the diagnostic process, most clinicians rely on
structural tomography, X-ray computed tomography (CT), or magnetic reso-
nance imaging (MRI) to rule out other causes of cognitive impairment, such
as cerebral infarction or hydrocephalus. More recently, structural image mark-
ers that are positive for the diagnosis of AD have been explored. For example,
quantitative volumetric techniques permit size measurements of hippocampal
substructure, and open a new avenue for the characterization of AD during
life. These techniques are reviewed in Chapter 6.

Functional neuroimaging has sought to identify a physiologic “signature”
or functional neuroanatomy that corresponds to the clinical phenomenology
of dementia and permits a positive identification of AD. Such a signature
image feature could be the foundation for rational therapy as well as early dif-
ferential diagnosis. This chapter reviews recent research in functional imag-
ing in AD. Following a brief description of image acquisition and image
analysis methods, major developments will be considered in roughly the order
in which they appeared historically:

1. The description of the central phenomena and anatomy encountered in the imag-
ing of cerebral dysfunction in AD

2. The relation of these image features to clinical and pathologic phenomena and to
disease severity

3. The relation of these phenomena to underlying structural abnormality and “atro-
phy correction”

4. The diagnostic classification performance of various functional techniques in re-
search and clinical settings

5. Studies of the change in functional images over time
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6. Studies in which brain function is measured under conditions of selective func-
tional activation

7. Development of functional MRI methods based on the cerebral blood oxygen
level, and the application of these methods to AD

8. The relation of genetic risk factors to image abnormalities
9. The use of functional imaging to characterize the preclinical stage of AD.

This chapter concludes with an overview of some practical issues sur-
rounding the clinical utility of imaging in AD.

Imaging Techniques

Since the early 1980s, functional imaging techniques that utilize radioac-
tive markers of cerebral blood flow or metabolism have been used to infer in-
formation about neuronal activity. These techniques include positron emission
tomography (PET) and single-photon-emission computed tomography
(SPECT). A newer technique, functional magnetic resonance imaging (fMRI),
in which no radioactive substances are involved, will be described later in the
chapter.

PET and SPECT are nuclear medicine techniques in which a small amount
of a radiolabeled substance is injected intravenously and brain images are ac-
quired with specially designed cameras. Such images may be considered
“maps” of brain function because a radiopharmaceutical tracer is injected,
delivered to, and absorbed by the brain in proportion to the metabolic de-
mands of the tissue. This in turn represents, to a first-order approximation,
the state of neural activity. PET imaging uses radiotracers that emit positrons,
particles which are emitted from the atomic nucleus, migrate for a few mil-
limeters, and then fly apart to form two high-energy photons (511 KeV). The
most commonly used tracers are [18F]deoxyglucose (FDG), a glucose ana-
logue labeled with 18F, to measure cerebral glucose metabolism, and 15O-
labeled water to measure cerebral blood flow. Because these substances have
very short physical half-lives, they must be made on site at a pharmaceutical
level of purity.

Spatial resolution, the threshold below which two points in an image can-
not be distinguished is, for PET, typically 6–9 mm, depending on the age of
the equipment. Temporal resolution of PET ranges from 30 seconds for 15O
blood flow measurements to 45 minutes for FDG. This represents the length
of time over which the “state” of functional activity is represented in the
image.

Most of the pioneering work in functional imaging has been accomplished
at PET centers where relationships between radiopharmaceuticals and brain
metabolites have been measured and modeled. Although the number of facil-
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ities continues slowly to increase, PET remains quite costly and is generally
available only in large academic centers, in part because positron-emitting
agents must be made on site at a pharmaceutical level of purity.

Positron-emitting compounds release two gamma rays or photons, while a sin-
gle, lower energy (140 KeV) photon is emitted in SPECT. Commonly used ra-
diotracers in SPECT are technetium-labeled exametazime (HMPAO or Ceretec)
or ethylcysteinate dimer (ECD or “Neurolite”). These agents are taken up by the
brain in proportion to blood flow, and, once absorbed by the brain, are chemi-
cally altered such that they do not readily exit the brain. This permits image ac-
quisition to take place minutes to hours after injection yet provides an image that
is essentially a “snapshot” of the cerebral state present during the several minutes
during which the tracer was absorbed by the brain. Thus the spatiotemporal res-
olution of SPECT is 7–9 mm and 4–5 minutes. SPECT produces images that are
similar to PET, but costs are generally lower, because gamma cameras are heav-
ily used in nuclear cardiology, and are available in most medical centers.

Both PET and SPECT can be used to assess regional concentration of specific
chemical receptor types (1–3), such as the dopamine transporter (4). Imaging of
receptor populations is currently an area of active research, particularly in psy-
chiatric and movement disorders. Such methods may in the future prove useful
in the characterization of neurodegenerative diseases such as AD, and may pro-
vide neurochemically specific information useful in AD patient management.

Image Analysis

Detailed consideration of the complex field of functional image analysis is be-
yond the scope of this chapter. However, from the standpoint of imaging studies
of AD, sufficient common ground exists that a few generalizations may be of-
fered. As indicated above, PET and SPECT images reflect the “state” of the brain
observed over a specific period of time and with a specific degree of spatial de-
tail. Within these constraints, the intensity of each picture element or “pixel” de-
pends on the number of radioactive counts detected by the camera at that
particular location in the brain. Functional images may be analyzed using a vari-
ety of methods, ranging from single rater visual inspection to manually defined
“regions of interest” to highly sophisticated, automated, quantitative techniques.

It should be emphasized that globa1 metabolism or perfusion is often ab-
normally low in AD, and that optimal identification of regional patterns re-
quires that the global effects be taken into account. A number of methods for
doing this have been developed and successfully applied to PET and SPECT.
The technique of “normalization” divides regional activity by mean activity in
another brain region, relatively unaffected in AD, such as cerebellum, primary
visual cortex, or pons (5–7) or by whole brain activity. Methods to control for
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global functional effects have been refined by the use of analysis of covari-
ance (ANCOVA) in both activation (8) and resting paradigms (9). More re-
cently, neural net methodology and data-driven statistical techniques,
including singular value decomposition to principal components, have been
successfully applied to image diagnostic classification of AD (10–13). Use of
these advanced analysis methods should improve the ability to detect the 
earliest functional alterations in AD.

Regional Patterns

Since the earliest studies of functional imaging in Alzheimer’s disease
(14–18), it has been observed that the regions of greatest reduction in func-
tional activity are found in association cortices, primarily in the temporal and
parietal lobes. This regional pattern or “functional signature” (Fig. 1) has been
replicated by numerous PET, SPECT, and recent fMRI studies (9,19–21).
Premotor and prefrontal cortex abnormalities have also been reported in a
number of studies (22,23), but others have observed relative sparing of frontal
cortex (15). These apparent discrepancies may reflect variations in clinical
presentation or disease severity, as most studies have reported temporoparietal
abnormalities earlier in the course of dementia, with frontal abnormalities ap-
pearing later in the disease. Primary sensory and somatomotor cortices are
usually relatively spared, as are deep gray matter structures and cerebellum. It
remains somewhat uncertain why the temporoparietal association cortices 
show the most significant reductions on functional imaging. Although the
temporoparietal neocortex may be particularly susceptible to early pathology
in AD (24,25), plaques and tangles are certainly not specific to these areas.
Other contributing factors may be selective loss of cholinergic terminals in
temporal cortex (26) or “deafferentation” of these areas secondary to pathol-
ogy in deep regions such as the hippocampal complex and basal forebrain.

Most studies have also found that the degree of right-left asymmetry of meta-
bolic activity or cerebral perfusion is increased in patients with AD compared to
age-matched controls (27). The majority of patients show greater reductions in
left hemisphere metabolism than right, but a subgroup show the reverse asym-
metry. These asymmetries in blood flow remain stable over time and have been
shown to correlate with variations in clinical presentation (see below).

Correlation With Clinical Parameters

Numerous PET and SPECT studies have reported good correlations be-
tween the degree of metabolic or perfusion abnormality and dementia sever-
ity (15,16,28,29). Most of these studies utilize standard global assessment
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tests such as the Mini-Mental State Examination (MMSE), the Blessed
Dementia Scale, or the Mattis Dementia Rating Scale (30).

Foster and colleagues (31) examined a group of patients with moderate-to-
severe AD with focal neuropsychological syndromes, and demonstrated hy-
pometabolism in left perisylvian regions in patients with predominate
language abnormalities and hypometabolism in right posterior parietal re-
gions in patients with predominant visuospatial deficits. Haxby and col-
leagues (22) also found the lateral asymmetry of cerebral glucose metabolism
was associated with relative degree of language and visuospatial impairments
in early AD. In another study, Haxby and colleagues (32) reported that the
parietal/frontal metabolic ratios correlated significantly with neuropsycholog-
ical deficits in patients with moderate AD. Patients with “disproportionate”
parietal hypometabolism showed impairment of verbal comprehension, cal-
culation, and visuospatial functions, while patients with “disproportionate”
frontal hypometabolism showed impairment of verbal fluency and attention.
These functional imaging findings are consistent with hypotheses about the
localization of brain-behavior relationships (33).

Variation in functional patterns also may be correlated with the psychiatric
and behavioral aspects of AD. Craig and associates (34) recently reported that
the presence of apathy in patients with AD was correlated with prefrontal and
anterior temporal hypoperfusion, and not with posterior temporal or parietal
hypoperfusion. Starkstein and coworkers (35) used SPECT to study 16 AD

Fig. 1. Brain perfusion SPECT images. (Left) Normal control subject. (Center)
Patient with Alzheimer’s disease, showing reduced perfusion is most prominent in the as-
sociation cortex of the parietal lobes (arrows). (Right) Quantitative group differences in
perfusion are shown superimposed on the AD patient’s image. Filled in areas represent
those regions significantly reduced in Alzheimer’s disease (n � 29) compared to age-
matched control (n � 64; p  0.00l). When parietal perfusion is used to discriminate all
subjects (using split-half replication), the accuracy of SPECT is 92%.
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patients with delusions and 29 AD patients without delusions. The patients
with delusions had significantly lower cerebral blood flow than patients with-
out delusions in left and right temporal regions, but no significant differences
between in frontal, parietal, basal ganglionic, or thalamic blood flow.

Recently, several investigators have examined the relationship between
cerebral perfusion or metabolism and premorbid abilities. Stern and cowork-
ers (36) reported that after controlling for dementia severity, higher level of
education in patients with AD was associated with greater reductions in pari-
etotemporal perfusion. Alexander and associates (37) found that higher pre-
morbid intellectual ability in individuals, with the same degree of dementia,
was associated with lower metabolic rates in several frontal regions and left
superior parietal association areas. These studies suggest that a greater burden
of pathology may be required to manifest the same level of impairment in in-
dividuals with higher education or intellectual capabilities, and support the
hypothesis that “cognitive reserve” may affect the clinical expression of de-
mentia. These findings may have significant implications for the “preclinical”
diagnosis of AD with functional imaging.

Atrophy Correction

Typical functional maps of the normal brain at rest demonstrate fairly uni-
form activity in gray matter. When the images indicate an area of abnormal
function, a variety of underlying causes should be considered. Diminished
metabolism or blood flow is often interpreted as a pure reduction in functional
activity, but may actually be due to alterations in underlying structure, such as
atrophy or infarction. These defects likely reflect tissue loss rather than tissue
dysfunction. One of the primary difficulties in the interpretation of SPECT or
PET images in patients with dementia (Fig. 2) is the artifactual underestimate
of “function” due to cerebral atrophy (38). Most functional image analysis
yields activity in counts per unit volume of space, not in counts/unit volume
of brain, a potentially important dimension that more fairly represents func-
tional activity. In diseases associated with aging and neurodegeneration, re-
duced brain volume is the rule, and any attempt to quantitate a purely
functional abnormality would ideally correct for the associated atrophy.

Several groups have applied an “atrophy correction” to their functional
imaging studies of AD (39–41). Most of these studies reported a significant
increase in “corrected” perfusion or metabolic rates in patients with AD com-
pared to control subjects, although temporoparietal functional abnormalities
remained significant after atrophy correction.

Reiman and colleagues (42) recently reported that PET scans showed sig-
nificant metabolic reductions in homozygote apolipoprotein �4 carriers before
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cognitive impairment, but did not find significant hippocampal atrophy in
these asymptomatic individuals. These findings suggest that functional and
structural alterations may not always occur in parallel, and that functional
image abnormalities may precede significant atrophic changes.

Diagnostic Classification

Several studies have attempted to calculate the diagnostic accuracy of PET
or SPECT in differentiating AD from normal controls. The studies vary
widely in the numbers of subjects, the severity of dementia, and the image
analysis methodology. Most of the studies are plagued by lack of a “gold stan-
dard,” having limited numbers of autopsy-confirmed patients.

A few studies have reported low sensitivity of functional image abnormal-
ities in mild AD. Powers and colleagues (43) evaluated the nonquantitative as-
sessment of PET images by blinded reviewers, and reported a low sensitivity
(38%) but fairly high specificity (88%). Reed and coworkers (44) reported
5/21 probable AD patients with mild memory impairment did not show tem-
poral or parietal perfusion abnormalities.

Most studies, however, have reported sensitivity and specificity in the range
of 80–90%. Holman and colleagues (45) performed a prospective study of
SPECT scans in 132 patients referred for imaging as part of their workup for
memory loss or other cognitive abnormalities. Images were evaluated qualita-
tively by a radiologist blinded to clinical history. The probability of Alzheimer’s
disease, defined by clinical diagnosis at 1 year follow-up, for patients with bi-
lateral temporoparietal perfusion defects was 82%, but lower for patients with
unilateral temporoparietal or frontal perfusion defects. Johnson and associates

Fig. 2. Axial images from a 73-year-old woman with probable Alzheimer’s disease.
(Left) Structural MRI (T2-weighted) demonstrating posterior parietal atrophy. (Center)
99Tc-HMPAO SPECT demonstrating decreased parietal perfusion. (Right) Co-regis-
tered SPECT and MRI images superimposed showing perfusion deficits corresponding
to atrophic parietal regions.
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(6) reported 88% sensitivity and 87% specificity with a qualitative analysis of
IMP-SPECT in probable AD patients compared with age-matched controls. In
a subsequent study using quantitative image analysis and HMPAO-SPECT, they
reported a sensitivity of 91% and specificity of 86% (9). Bonte and colleagues
(46) performed SPECT on 54 patients with dementia who had histopathologi-
cal confirmation of their diagnosis. They found SPECT to have 86% sensitivity,
73% specificity, and 92% positive predictive value.

Combining structural and functional imaging techniques may improve the
accuracy of diagnosis (Fig. 2). Pearlson and colleagues (47) found combining
measures of mesial temporal atrophy on MRI with SPECT measures of tem-
poroparietal perfusion yielded 100% discrimination between a group of 15
patients with AD and 16 normal control subjects. In a larger study of 71
histopathologically confirmed cases of dementia and 84 control subjects,
Jobst and associates (48) found the combination of medial temporal lobe at-
rophy as assessed by CT and parietotemporal hypoperfusion on SPECT
yielded a sensitivity of 90% with a specificity of 97% for the diagnosis of AD.

Fewer studies have examined the ability of functional imaging to differen-
tiate AD from other dementias. Similar patterns of temporoparietal hypome-
tabolism/hypoperfusion have been reported in Parkinson’s disease with
dementia (PDD) (49–51). The overlap between AD and PDD may reflect the
high incidence of Alzheimer’s pathology found in patients with PDD (52).
Two recent studies (53–54) demonstrated a distinct pattern of reduced occip-
ital glucose metabolism in patients suspected to have dementia with Lewy
bodies (DLB) as compared with AD. Parkinson’s disease without dementia
shows a metabolic pattern similar to normals (55).

The ability to reliably discriminate AD from multiinfarct dementia (MID)
remains controversial. Several SPECT studies using qualitative blinded as-
sessments have reported significant differences in the perfusion patterns of
AD vs MID (14,56,57), although Duara and coworkers (19) did not find a
characteristic pattern of metabolic deficits that differentiated AD from MID in
a larger PET study. Clearly, combining structural imaging and functional
imaging techniques may be helpful in differentiating MID from AD. A sub-
stantial subset of patients, however, likely suffer from a mixed dementia with
both AD pathology and cerebrovascular disease contributing to the clinical
symptomatology, thus making the diagnostic distinction with any methodol-
ogy extremely difficult.

Functional imaging studies of the frontotemporal dementias caused by
Pick’s disease and related pathologies show a distinct pattern with frontal and
anterior temporal hypometabolism/hypoperfusion and relative sparing of pos-
terior temporal and parietal cortices (58,59). Studies of patients with specific
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cognitive degenerative syndromes, such as primary progressive aphasia, have
demonstrated lateralizing functional abnormalities (60,61). Distinct func-
tional image patterns have also been reported with Jakob-Creutzfeldt disease
(62) and corticobasal ganglionic degeneration (63).

Several studies have found differences in regional metabolic or perfusion
patterns between AD and the “ subcortical dementias.” Patients with progres-
sive supranuclear palsy (PSP) demonstrate primarily frontal functional abnor-
malities (64–66). The “pseudodementia” associated with depression has been
reported to show prefrontal and limbic system hypoperfusion (67,68). Normal
pressure hydrocephalus has been reported to cause more global metabolic re-
ductions without regional abnormalities (69), and the dementia associated
with HIV has been associated with widespread multifocal defects (70,71).

Longitudinal Studies

Jagust and colleagues (20) studied six AD patients with two PET scans over
a mean interval of 15.5 months, and reported a significant decline in parietal
metabolic rates as patients worsened clinically. The change over time in the
frontal/parietal metabolic ratio correlated with the decline in neuropsychologi-
cal performance. Left-right metabolic asymmetry was preserved in frontal and
occipital regions, but not in parietal regions in this sample. Haxby and cowork-
ers (27) reported a longitudinal study of neuropsychological patterns and cere-
bral metabolic asymmetries. The direction of asymmetry (e.g., left � right)
tended to remain constant at follow-up. In addition, the correlation, for either
predominately verbal deficits and left hemispheric abnormalities or visuospatial
deficits and right hemispheric abnormalities, increased over time.

Activation Studies

While the majority of functional imaging studies in AD have been acquired
during a resting condition, several studies have arttempted to study “activation
patterns” that are associated with the performance of specific cognitive tasks.

Early cerebral blood flow studies by Ingvar and colleagues (18) found that
patients with AD had a decrease in the expected flow augmentation when per-
forming mental tasks such as digit span backward and Raven matrices (30).
Some of these patients actually showed a decrease from baseline blood flow in
association cortices during task activation. More recently, Mentis and col-
leagues (72) performed PET scans on 10 patients with AD and 12 control sub-
jects. They measured cerebral blood flow in response to a visual patterned flash
stimulus at varying frequencies. Controls showed a significantly greater in-
crease than AD patients in middle temporal regions and striate cortex, in re-
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sponse to higher frequency stimulation. Becker and associates (73) used PET to
study verbal memory in patients with Alzheimer’s disease and age-matched
controls. Patients were asked to repeat or recall word lists of varying lengths
during PET acquisition. Paradoxically, the AD patients showed a larger area of
activation than controls in regions involved in verbal memory and also showed
activation in some cortical areas that did not activate in controls. The authors
speculate that this may represent a functional reallocation of brain resources to
compensate for dysfunction.

Functional Magnetic Resonance Imaging

A number of functional MRI techniques have recently been developed that
can also measure cerebral perfusion. Several studies have been performed
with dynamic susceptibility contrast MRI (DSCMRI) in patients with AD.
The principle behind this technique is that passage of a concentrated bolus of
a paramagnetic contrast agent distorts the local magnetic field sufficiently to
cause a transient loss of MR signal on pulse sequences designed to be max-
imally susceptible to magnetic field inhomogeneities, for example, a T2*-
weighted sequence (74). The passage of contrast is imaged over time by
sequential rapid scanning of the same slice. The rate of change of signal 
intensity over time can be calculated and gives a measure that has been
shown in animal studies to be directly proportional to cerebral blood volume
(CBV).

Gonzalez and collaborators (75) studied 10 patients with various types of
dementia, including 5 with probable AD, with both PET and DSCMRI. They
found a significant correlation between the modalities both quantitatively and
qualitatively. Similarly, Johnson and colleagues (76) found CBV, as measured
by DSCMRI, to correlate well with perfusion by SPECT in 16 patients with
AD and 10 age-matched controls. Harris and colleagues (77) performed
DSCMRI in 13 patients with AD and 13 controls, and found significantly re-
duced ratios of temporoparietal CBV to cerebellar CBV in the AD group.
Three patients with very mild dementia (mean MMSE � 25.0) also had
showed reductions in temporoparietal CBVs. Overall, they found that MMSE
scores did not correlate well with temporoparietal CBV ratios.

Sandson and colleagues (21) performed noninvasive perfusion MRI with
the echo-planar imaging and signal targeting with alternation radiofrequency
(EPISTAR) technique (78) in 11 patients with AD and 8 age- and education-
matched controls. The principle of EPISTAR is based on the acquisition of a
pair of images, in one of which arterial blood outside of the imaging slice has
been magnetically labeled by applying a 180-degree inversion radiofrequency
pulse to the protons in the arterial water. Focal areas of hypoperfusion were
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seen in the posterior temporoparietal-occipital region in seven of the patients
with AD (Fig. 3). Parietooccipital and temporooccipital to whole-slice signal
intensity ratios were significantly lower in the AD patients, and parietooccip-
ital ratios did correlate with dementia severity as measured by the Blessed
Dementia Scale-Information-Memory-Concentration subtest (30).

The sensitivity and specificity of the fMRI techniques reported in these pre-
liminary studies are comparable to those reported for PET and SPECT
(6,46,79). One advantage of the fMRI techniques over other functional neu-
roimaging modalities is that the MR structural imaging study can be per-
formed during the same scanning session with the same scan plane, image
size (field-of-view), and slice thickness as the functional MR scan. Specific
regions of interest (ROI) can therefore be selected with a high degree of cer-
tainty on the structural image and directly transferred to the perfusion image
at the same anatomical site. Furthermore, there is no exposure to ionizing ra-
diation. EPISTAR offers the advantage of being completely noninvasive.
DSCMRI is available as a multislice sequence, while multiple slices can only
be acquired sequentially with EPISTAR. Quantification of cerebral blood
flow is possible with both DSCMRI and EPISTAR (80,81).

Activational studies with fMRI in Alzheimer’s disease are currently ongo-
ing (82,83). These studies utilize another T2*-weighted technique called
BOLD (84), which uses changes in the level of oxygenated hemoglobin in
capillary beds to visualize areas of regional brain “activation.” These prelim-
inary reports have found decreased fMRI activation in hippocampal and pre-
frontal regions in patients with AD compared with older control subjects
(82,83).

Fig. 3. Axial images from a 53-year old man with biopsy-proven Alzheimer’s dis-
ease. (Left) Structural MRI (T1-weighted). (Center) EPISTAR perfusion weighted MRI
demonstrating bilateral posterior temporal–occipital perfusion deficits, (Right) 99Tc-
HMPAO SPECT image demonstrating similar perfusion deficit at same slice plane.
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Genetic Effects

Several recent reports have suggested that the presence of apolipoprotein E
�4 allele may alter the pattern of cerebral metabolism in persons without evi-
dence of clinical dementia. Small and coworkers (85) found evidence of pari-
etal hypometabolism and increased parietal asymmetry in nondemented
relatives of patients with AD who carried one or two ApoE �4 alleles. Reiman
and coworkers (7) reported reduced glucose metabolism in posterior cingu-
late, parietal, temporal, and prefrontal regions in cognitively normal individu-
als with a family history of AD who were homozygous for the ApoE �4 allele.

In a study of cognitively intact community dwelling elders without a strong
family history, and who remained cognitively normal for at least 1 year after
SPECT acquisition, we found that the presence of an �4 allele was associated
with perfusion abnormalities in temporoparietal cortices, particularly in the
hippocampal and parahippocampal areas, as well as orbital frontal regions
(86). These findings support the hypothesis that the apolipoprotein E �4 allele
may be associated with early pathology in individuals who are still cognitively
normal.

The influence of the �4 allele in patients who already have a clinical diag-
nosis of AD is less clear. Corder and colleagues (87) reported no significant
difference in cerebral perfusion patterns in patients with AD with or without
ApoE �4 alleles, while other studies have suggested that there may be at least
some image features that differ in patients with AD with �4 alleles (86,88,89).

Preclinical Diagnosis

Increasing evidence from neuropsychological, neuropathological, struc-
tural, and functional imaging studies suggest that the pathophysiological dis-
ease process in AD may begin years or even decades prior to the onset of
clinical dementia (90,91). It is increasingly imperative to identify individuals
in this “preclinical” phase, as emerging pharmacological therapies, such as
neuroprotective agents or amyloid precursor secretase inhibitors would likely
be most effective in very early stages of the degenerative process.

Even in the absence of genetic risk factors, cerebral perfusion patterns may
predict cognitive decline in patients with subtle memory deficits. Johnson and
associates (11) found a distinct pattern of regional hypoperfusion in 18 sub-
jects with an initial Clinical Dementia Rating scale (92) of 0.5, who pro-
gressed over 2 years to reach criteria for probable AD (CDR of 1). Perfusion
was significantly lower in the posterior cingulate, hippocampal–amygdaloid
complex, and other limbic structures of subjects who “converted” to AD
within 2 years, compared to 27 subjects who did not show cognitive decline.
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Minoshima and coworkers (93) also reported posterior cingulate and cingu-
loparietal hypometabolism in a PET study of eight patients with mild mem-
ory impairment who later progressed to probable AD.

Clinical Utility

In this age of shrinking resources for diagnostic workup, the obvious ques-
tion arises as to the clinical utility of functional imaging in the assessment of de-
mentia. We have found these techniques particularly useful in evaluating
patients whose clinical presentation is unusual. Specifically, functional imaging
may be useful in patients with prominent behavioral symptoms early in the
course of their dementia, when the differential is frontotemporal dementia ver-
sus AD. It may also have utility in differentiating the cognitive symptoms asso-
ciated with mood disorders, such as the “pseudodementia” of depression from
abulia associated with early AD. We have also found functional imaging to be
helpful diagnostically, in patients who present with a dementing illness at a
younger age than typical AD but who demonstrate typical temporoparietal ab-
normalities. Conversely, the functional imaging can be reassuring in older pa-
tients with subjective complaints of memory impairment but who show a
normal perfusion pattern. Functional imaging may also be used to provide ad-
ditional evidence of a correct diagnosis in a patient with a clinical course typi-
cal of AD, if family members or loved ones are anxious for further confirmation.

As quantitative methodology becomes more widely used, functional imag-
ing may be very helpful in identifying patients in the earliest stages of de-
mentia for pharmaceutical trials (94). In addition, these techniques may prove
useful in identifying image features which may predict response to pharma-
cological therapy (95) and as a physiological marker of response to therapy
(96). As potential disease modifying agents become available, the use of func-
tional imaging as a surrogate marker may prove extremely valuable.
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Neuropsychological Detection of Early Probable
Alzheimer’s Disease 

Dorene M. Rentz and Sandra Weintraub

Introduction

Alzheimer’s disease is the most common of the degenerative dementias affect-
ing up to 47% of the population over the age of 85 (1,2). As the age distribution
shifts over the next quarter century, the increasing prevalence of Alzheimer’s dis-
ease poses a significant health care crisis and intensifies the need for greater re-
search efforts toward detection, treatment, and cure. While initiatives to develop
noninvasive biological tests for Alzheimer’s disease are underway [i.e., ApoE (3),
CSF amyloid (4), tau (5), Pupil Test (6)], to date, cognitive and behavioral deficits
remain the earliest, most reliable evidence of disease. Yet, by the time neuropsy-
chological deficits are detected, it is likely that the pathological disease process
has been present for many years (7–9). Now that new medicines are on the hori-
zon to slow disease progression, a major challenge lies in identifying affected, but
not yet demented, individuals in the earliest phases of illness when treatment can
have a more profound impact on functional status and rate of decline.

Since neuropsychological deficits are still the best way to detect early
symptoms, the goal would be to identify the cognitive changes that depart
from the “usual” course of aging and that specifically predict Alzheimer’s dis-
ease. This chapter begins with a review of studies that have defined the pa-
rameters of age-related cognitive change, or what has been called “normal” or
“usual” aging. We then describe the neuropsychological profile of probable
Alzheimer’s disease (PrAD) and contrast that with the profile of groups char-
acterized as “preclinical” or “at-risk.” We will discuss methods for predicting
the development of PrAD based on neuropsychological test scores and pat-
terns. Finally, some of the challenges facing early detection are considered. 
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“Usual” Age-Related Cognitive Change

Intellectual decline in certain cognitive domains has been described as an
inevitable consequence of normal aging but the severity of these changes
varies widely among individuals (10,11). The “classic aging” pattern that has
been observed using the Wechsler Adult Intelligence Scale suggests that the
verbal IQ remains relatively stable over time while the performance IQ de-
clines (12–14). The robustness and stability of verbally mediated cognitive
processes in the face of aging is especially useful when making distinctions
between normal aging and disease states. The downward trend in the perfor-
mance IQ, however, is not unidimensional nor does it influence all individu-
als in the same manner. Furthermore, the sensitivity of the performance tests
to many factors, including diminished motoric reaction time, makes them less
useful for detecting and characterizing changes that might signal dementia.

Several other observations on age-related cognitive change are also pertinent.
Results from the Seattle Longitudinal Study (15) showed that there is a great de-
gree of overlap in the performance of older and younger cohorts along several
cognitive dimensions. On tests of vocabulary, spatial orientation, inductive rea-
soning, numerical skills, immediate memory, and life planning tasks, there was
a 90% overlap in test scores between younger and older subjects up to the age
of 67. With the exception of inductive reasoning test scores, which began to
show some evidence of decline after that point, the overlap remained stable until
the age of 74. On some tasks, overlap was apparent until the late 80’s. Prior to
the late 70’s, the magnitude of age-related cognitive change would not be ex-
pected to hamper work performance or activities of daily living (15).

Cross-sectional neuropsychological studies have yielded similar conclusions.
In one study, a series of standard neuropsychological tests of attention, memory,
and visuospatial skills were administered to individuals from age 60 to 80, and
their performance was compared to an index sample made up of individuals be-
tween 16 and 60 years of age (16). Different tests showed different rates of change
from one group to the next, with memory tests showing the earliest and most sig-
nificant decline. However, on some of the tests, there was no evidence of signifi-
cant change with increasing age. Furthermore, when the proportion of individuals
in the older groups who failed one or more tests (i.e., scored less than 95% of nor-
mal subjects or greater than 1.7–2 SD below the mean) was calculated, one-third
of those in the oldest age group did not fail any of the tests. These findings were
very important because they demonstrated that 1) not all tests are equally sensi-
tive to decline, and 2) not all individuals experience decline to the same degree.

Similar conclusions were reached in a study using computerized neuropsy-
chological tests to study age-related change in a group of physicians in 6 age
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cohorts between 28 and 92 years of age (17). For approximately half the sub-
tests (those measuring attention, immediate verbal recognition memory, and
visual perceptual skill) performance did not change appreciably until the age
of 75. For an additional 25% of subtests (largely delayed recognition memory
measures) significant changes were detected after the age of 65. Three sub-
tests measuring visual memory and reasoning showed a significant decrease
in scores in the 55–64 age group and all others beyond that age. Finally, one
subtest of the ability to compare strings of letters and symbols showed no sig-
nificant change in scores across all age groups. Thus, it was only by the age
of 75 that average test scores in almost all domains were significantly lower
than the average scores of individuals in the index group (under the age of 35).
This was a highly biased sample with respect to their level of intellectual abil-
ity and education so their results may not be easily generalized. However,
even in this high-functioning group, it was abundantly clear that, as revealed
in the increasing magnitude of the standard deviations, there was considerable
variability in the oldest cohorts. This tendency for increased variability in
many measures in older individuals introduces significant problems when try-
ing to evaluate the significance of test scores in the individual patient (18,19).

The most consistent finding from both cross-sectional and longitudinal stud-
ies is that delayed recall and attention scores are most vulnerable to the effects
of aging (20). Since these functions are also central in the symptomatology of
Alzheimer’s disease, mild declines in memory performance are difficult to dis-
criminate from early Alzheimer’s disease. In a study of community dwelling,
nondemented elders, Petersen and colleagues (21) showed that learning scores
(i.e., acquisition) decline uniformly with increasing age and with no relation-
ship to prior level of education. Delayed recall (i.e., rate of forgetting) re-
mained relatively stable across age when adjusted for the amount of material
initially learned. In related studies, Petersen and colleagues (22) and
Branconnier and coworkers (23) also demonstrated that recognition memory is
relatively unaffected by normal aging but is specifically sensitive to dementia.
These results suggest one strategy for deciding if an individual patient’s mem-
ory is impaired: if learning, delayed recall, or recognition memory scores fall
below average levels, then the suspicion of a dementing process increases.

Neuropsychological Deficits Characteristic 
of Dementia Associated with Alzheimer’s Disease

Criteria for the clinical diagnosis of probable or possible Alzheimer’s dis-
ease (PrAD or PoAD, respectively) were proposed in 1984 and still constitute
the standard in most research studies (24). The criteria for PrAD specify the
presence of a progressive memory disorder accompanied by deficits in other
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cognitive domains, including aphasia, visuoperceptual/constructional deficits,
and abnormalities of reasoning and personality. The diagnostic criteria have
been validated against neuropathological findings at autopsy (25) and have
been shown to be associated with the plaques and tangles of Alzheimer’s dis-
ease as specified by diagnostic criteria (26) in 85–100% of cases (9,27–28).

Neuropsychological studies of patients with PrAD have provided detailed
information about the nature of specific cognitive impairments. The most es-
sential and consistent feature of PrAD is the presence of a defect of explicit
learning and memory. In preclinical phases of the illness, as shown in follow-
up studies of initially nondemented individuals, some patients show deficits in
the initial learning of information while retention is preserved (29,30). A loss
of information over a delay interval has also been cited as a differentiating fea-
ture between usual aging and PrAD (31). In large cohort studies, declines in
delayed recall measures or accelerated forgetting were found to be the best
discriminators between patients with a diagnosis of mild Alzheimer’s disease
and nondemented controls (32–34). As the severity of the disease increases,
patients also show a constriction of immediate recall. The early loss of de-
layed recall makes it difficult to continue to characterize further memory de-
terioration in these patients if only recall measures are used. Recognition
memory can be preserved in moderate stages when patients are incapable of
spontaneous recall. Implicit learning, including the acquisition of motor skills
(35), and some types of priming are commonly spared in PrAD (36).

Next to amnesia, the most common deficits in PrAD occur in the realm of
language (28,37–41). Patients may perform poorly on naming tests at a time
when there is no other evidence of a language impairment, either in social in-
teraction or by formal testing. There is some discussion as to whether or not a
naming impairment reflects dissolution of the semantic system in general or
whether it is a true aphasic deficit (41). However, many PrAD patients go on to
develop symptoms of fluent aphasias, including anomic, transcortical sensory,
and Wernicke’s aphasia (38–40). The degree of anomia has been associated with
rapidity of disease progression (42). The use of less sophisticated grammatical
constructions in writing in early adult development has also been shown to be a
strong predictor of the development of Alzheimer’s disease in late life (43).

Although less well-characterized than the amnestic and aphasic symptoms,
attentional deficits are also observable and often constitute the earliest non-
memory symptom observed in PrAD (28, 44). Patients may generally not have
reduced forward digit spans in the early stages, which makes the presence of
a memory disorder even more striking, but as the disease progresses, span
length is reduced (45). Deficits in attentional tasks requiring working mem-
ory, persistence, or divided attention, such as the Stroop Test (46) and Trail
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Making Tests (47), are common in patients with mild to moderate dementia
severity (48,49).

Many test batteries for PrAD include constructions as a measure of visuo-
spatial processing since they may deteriorate early in the course of illness.
However, constructions are complex tasks requiring not only visuospatial but
also executive functions such as planning, sequencing, and organization.
Therefore, failure on these tasks can occur for one of several reasons.
Performance on more “pure” measures of visual processing such as the Facial
Recognition Test (50) and the Judgment of Line Orientation Test (50) can
often be preserved and may be selectively impaired only in that group of pa-
tients with progressive visuospatial dysfunction who show Balint’s syndrome,
visual agnosia, or simultagnosia early in the course of illness, and an unusual
distribution of plaques and tangles in the visual association cortex (51,52).

Although individuals in very early stages of dementia may continue to func-
tion adequately in daily living activities, the cognitive deficits soon begin to af-
fect, first, complex activities such as performing one’s job or traveling, and
ultimately, overlearned skills such as dressing or feeding oneself. Several mea-
sures are available to assess ADLs, including Instrumental Activities of Daily
Living (53), Record of Independent Living (54), the Activities of Daily Living
Questionnaire (31), and the Direct Assessment of Functional Status (55), but
these are only informative for patients in whom dementia is already obvious.

Mild Cognitive Impairment in the Elderly: 
“At Risk” or “Preclinical” Dementia

Despite living independently in the community, many elders show some de-
gree of abnormal cognitive decline on standardized testing. When community
dwelling elders with “mild cognitive impairments” are studied longitudinally,
some go on to develop dementia (56–59) while some do not (60–61). The
presence of mild cognitive problems, by themselves, in community dwelling
elders, is not necessarily predictive of a preclinical stage of Alzheimer’s dis-
ease but can also be associated with the variability seen in normal aging and
a variety of medical, neurological, and psychiatric illnesses (62–64).
Therefore, the ability to distinguish age associated cognitive change from
symptoms that herald a future dementia is critical in research on aging, par-
ticularly for those investigating early markers of Alzheimer’s disease. With
this in mind, several attempts have been made over the last 10 years to develop
operationalized criteria for making these distinctions (65–67).

Historically, memory loss has been shown to be the best discriminator be-
tween dementing and nondementing conditions of aging (31–33). As early as



174 Rentz and Weintraub

1962, Kral (68) introduced the terms “benign” (or malignant) senescent forget-
fulness” in recognition of the fact that memory loss could be normal or abnor-
mal. However, these terms were poorly operationalized and insufficiently
validated to be useful in research. In 1986, a National Institute of Mental Health
Work Group on aging and memory (65) proposed diagnostic criteria for “Age-
Associated Memory Impairment” (AAMI). Their inclusion criteria included:

● Above age 50
● Gradual onset of subjective memory problems that affect everyday life
● The absence of dementia as indicated by a MMSE score of 24 or higher
● Adequate intellectual function as determined by a scaled score of 9 on the

WAIS-R Vocabulary Test
● Proposed cutoff scores of 1 standard deviation below the mean estab-

lished for young adults on tests of memory [i.e., Benton Visual Retention
Test (49), Logical Memory subtest of the WMS (69), and Associate
Learning subtest of the WMS (69)]

Problems were encountered applying the proposed criteria and a revised
and expanded version was introduced, which 1) limited the age range from
50–79; 2) utilized standardized self-report memory questionnaires; and 3)
suggested a more comprehensive battery of memory tests (66). With these cri-
teria the identification of two other subtypes were introduced. These included
“Age Consistent Memory Impairment” (ACMI), which identifies persons
whose memories appear to be aging in accord with normative expectations
(i.e., �1 SD of the mean established for age on 75% or more of the tests ad-
ministered) and “Late Life Forgetfulness” (LLF), which identifies those per-
sons whose scores are mildly but quite consistently below average on memory
tests (i.e., between 1 and 2 SD below the mean established for age on 50% or
more of the tests administered). The aim of these revised criteria was to help
investigators specify more clearly the variability within normal elderly popu-
lations on tests of memory and to allow for more controlled experimentation. 

Petersen et al. (66a) followed over 4 years a group of community dwelling
elders from primary care clinics who were at risk for developing Alzheimer’s
disease. Based on their findings, elders received a diagnosis of mild cognitive
impairment (MCI) if they met the following criteria:

● Complaint of defective memory
● Normal activities of daily living
● Normal general cognitive function 
● Abnormal memory function for age (i.e., 1.5 SD below mean for age on

standardized tests of memory)
● Absence of dementia
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Petersen et al. (59a) reported that elders diagnosed with MCI, using the above
criteria, converted to a diagnosis of Alzheimer’s disease at a rate of 12% per
year over 4 years. In contrast to previous definitions of “at risk” populations,
Petersen et al.’s diagnosis of MCI may prove valuable as criteria for early
treatment and are now being used in several multicenter clinical trials.

The presence of “mild cognitive impairments,” particularly on objective
tests of memory, has been shown to be a good predictor of subsequent further
deterioration in community dwelling elders (56–59a,66a) while the absence
of “cognitive impairments” seems to predict no further decline (60,61). Thus,
many individuals with mild impairments may be in preclinical phases of
Alzheimer’s disease, although there continues to be debate over this conclu-
sion. Malec and associates (61) showed that an elder sample who reported no
cognitive problems but were identified as “at risk” for future cognitive decline
did not show any further decline in learning or memory over a 3- to 5-year in-
terval. They proposed that group membership in an “at risk” category for non-
clinical subjects without cognitive complaints was not a powerful predictor of
future cognitive decline.

Conversely, several other studies found that subjective memory complaints
without objective evidence on standardized tests of memory were better at
predicting the presence of depression in community dwelling elders than dif-
ferentiating those “at risk” for future dementia (60,70–73). Others found that
subjective memory complaints were predictive of future dementia only when
accompanied by objective signs of memory deterioration on testing
(60,71,73). However, informants’ or relatives’ ratings of cognitive deficits in
“at risk” elders were the best predictors of subsequent decline and also sig-
nificantly correlated with declines on standardized tests of memory (70,73).

Use of Neuropsychological Tests and Test
Batteries for Detecting and Predicting Early
Alzheimer’s Disease 

A number of studies have investigated the utility of neuropsychological
measures for differentiating nondemented from mildly demented patients and
predicting which normal subjects will progress to a dementia state. These stud-
ies range from the use of simple screening measures or single neuropsycho-
logical tests for classification and detection of disease to more sophisticated
regression formulas for deriving predictions from selected tests with a high de-
gree of sensitivity and specificity for dementia and Alzheimer’s disease. 

The development of global screening measures such as the Mini Mental State
Examination (MMSE) (74) or the Blessed Dementia Rating Scale (75) were
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early attempts at discriminating cognitively intact normals from those with de-
mentia. They are still widely used in research for this purpose because of their
reported utility in identifying those at high risk for developing Alzheimer’s dis-
ease (76). However, there are several reports in which these measures have been
shown to be insensitive to early dementia and may produce false negative results
(7,77) or lead to neuropsychological findings in which performances of persons
with “questionable” dementia overlap with those of healthy older adults (9). In
the “Aging and Alzheimer’s Disease” study currently under way at the Brigham
and Women’s Hospital, we are following 141 community dwelling elders. All
subjects underwent a medical/psychiatric history interview and neuropsycho-
logical evaluation. The Information, Memory and Concentration subtest (IMC)
of the Blessed Dementia Scale was administered as well as a more extensive
neuropsychological test battery measuring the domains of attention, memory,
language, visuospatial skills, and premorbid IQ. Each domain had one or more
tests. Test scores were judged abnormal if they fell beyond 2 standard deviations
below the mean, a criterion more generous than that required by the NIMH pro-
posed standards for distinguishing age associated memory loss. Subjects were
assigned to one of three categories depending on their test performance: 1) no
cognitive impairment; 2) impairment in one cognitive domain; 3) impairments
in two or more cognitive domains. We compared IMC scores to their cognitive
classification status. We found that 72% of the 109 subjects who scored well
within the normal range on the IMC (scores of 0 and 1) had impairments in one
or more cognitive domains and 28% had impairments in two or more cognitive
domains. The deficits essentially occurred on tests of memory and/or attention.
There was no effect of age, education, and IQ on their classification. We then
converted the Blessed score into predicted MMSE scores based on the formula
of Thal and colleagues (78), since this screening measure is also widely used in
aging and dementia research. The results were similar. Of those subjects who
obtained conversion scores of greater than 26 on the MMSE, 58% had impair-
ments in one or more cognitive domains, and 18% had impairments in two or
more cognitive domains (79). These subjects would have been classified as nor-
mal controls if these common screening measures were used.

To address the need for a more reliable, rapidly administered screening test de-
signed to detect elders with PrAD, Solomon et al. (79a) developed the 7 Minute
Neurocognitive Screening Battery (known as the 7 Minute Screen).  Unlike the
MMSE and the IMC, this screening tool consists of four brief tests that take ad-
vantage of the evolving understanding of the cognitive differences between
PrAD and the normal aging process. Purported to take an average of 7 minutes
42 seconds to administer, this screening test demonstrated a high degree of sen-
sitivity (92%) and specificity (96%) in a random sample of elders referred to a
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Memory Disorders Clinic. A logistic regression formula is used to determine the
likelihood that a patient has signs of PrAD. The test’s ability to distinguish be-
tween other forms of dementia is unclear. However, the 7 Minute Screen has the
potential of being a more reliable test for detecting elders in early stages of PrAD
than other screening tests being used by primary care physicians.

Despite the appeal of using a simple screening test for detecting early cog-
nitive decline, there are inherent limitations in utilizing them for determining
normal cognitive status. First, the recruitment of elderly subjects based on a
common method of self-referral often attracts a large number of persons with
subjective memory complaints who may be in preclinical phases of
Alzheimer’s disease. Second, screening measures are insensitive in detecting
cognitive deficits in intellectually superior individuals because of the simplic-
ity of the items. Conversely, they overestimate deficits in intellectually limited
individuals who may not have the knowledge to answer even simple ques-
tions. This creates both type I and type II research errors in subject classifica-
tion. However, global screening measures are particularly useful for tracking
dementia severity and charting its course over time (31).

If testing time is limited and screening measures are determined to be unreli-
able in detecting early dementia in the elderly, the researcher can turn to single
neuropsychological test scores which have shown some degree of success in pre-
dicting dementia. For example, memory recall scores on the Fuld Object
Memory Evaluation (80) and the Bushke Selective Reminding Test (81–83) pre-
dicted the development of dementia 1 year before the clinical onset of symptoms. 

Performance on the California Verbal Learning Test (CVLT) (84) differenti-
ated at-risk control subjects with a positive family history of dementia from those
without such a history (85). The addition of a delayed recall measure to a neu-
ropsychological battery increased the predictive accuracy of identifying patients
with PrAD to 95.2% (86). Recognition memory on an odor detection test was
found to be significantly impaired in subjects with questionable Alzheimer’s dis-
ease and may be an early predictor of the disease state (87). The degree of
anomia on the Boston Naming Test predicted a more rapidly progressive disease
course (42). Finally, performance on category fluency measures discriminated
patients from normal controls with 100% sensitivity and 92.5% specificity (88).

Earlier we mentioned that the capacity to detect preclinical or very early
Alzheimer’s disease on the basis of particular neuropsychological measures
has also been the focus of several cross-sectional studies. Petersen and col-
leagues (22) examined several aspects of memory function to determine which
indices of performance were most sensitive at differentiating early Alzheimer’s
disease from normal aging. Furthermore, using logistic regression models that
included measures of memory, verbal and nonverbal intelligence, attention,
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and language, they found that an index of learning, especially with semantic
cueing, was most sensitive at separating the two groups and appeared to be the
best discriminator at detecting very mild Alzheimer’s disease. This corre-
sponds with the work of Robinson-Whelen and Storandt (29) and Grober and
Kawas (30), who found that deficits in the initial learning of information was
a better predictor of preclinical Alzheimer’s disease than deficits in retention or
accelerated rates of forgetting (31–34).

The use of a limited battery of tests to accurately discriminate between patients
with early PrAD and normal controls was suggested in 1984 by Storandt and col-
leagues (89). They found four tests that could successfully identify 98% of the
cases as either healthy or mildly demented. These were the Logical Memory and
Mental Control subtests of the Wechsler Memory Scale (69), Trail Making Test A
(47), and a word fluency task for the letters S and P (90). Following these sub-
jects longitudinally, Storandt and coworkers (91) found that those who developed
early or preclinical Alzheimer’s disease over the next 2.5 years had performed less
well initially than those who remained nondemented over the same time period.
These results are consistent with other researchers who found that lower test
scores on initial examination were predictive of subsequent decline (57,59).

Several important longitudinal studies have identified predictors of demen-
tia, particularly, Alzheimer’s disease, in preclinical community dwelling el-
ders. The first of these reports came from the Bronx Aging Study where it was
reported that 64 of 317 initially nondemented individuals or 20% of their sam-
ple, developed dementia over a 4-year period (92). Four neuropsychological
test scores were selected from multiple logistic regression procedures to be the
most predictive. These included the delayed recall measure from the Selective
Reminding Test (93,94), the recall measure from the Fuld Object Memory
Evaluation (80), WAIS Digit Symbol (95) and Verbal Fluency (88). They also
developed an actuarial equation which could predict group membership on an
individual basis. This model was able to correctly identify 32 of 64 individuals
who developed dementia yielding a sensitivity of 50% and a positive predictive
value of 68%. However, 238 of 253 individuals who did not develop dementia
were accurately classified yielding a high specificity of 94%. Several limita-
tions to this study have been pointed out. PrAD was not differentiated from
other forms of dementia. Second, the findings could not be generalized to
groups with different sociodemographic profiles. Third, the results may have
been confounded by the use of the same tests for diagnosis and for prediction.
However, the actuarial equation was useful in determining who will not go on
to develop dementia, therefore accurately identifying “low-risk” groups.

Tierney and colleagues (59) found that two independent neuropsychologi-
cal tests [i.e., delayed recall from the Rey AVLT (96) and Mental Control from
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the WMS (69)] could predict with a high degree of accuracy memory-
impaired, but not demented, patients who were at high risk for developing PrAD.
Through a logistic regression equation, they found that these two tests alone could
accurately classify a subgroup of preclinical individuals who went on to develop
PrAD with 89% accuracy, 76% sensitivity and 94% specificity. This sample dif-
fered from that used in the Bronx study because subjects were already identified
as having memory problems over the previous three months (a Global Dementia
Score of 2 or 3) (97) and referred by their primary care physician for this reason.
They were evaluated thoroughly, including the use of neuropsychological tests,
and were classified as having a dementia or not. Only those subjects without de-
mentia (i.e., MMSE �24; Dementia Rating Scale �123 and failure to meet DSM-
III-R criteria) were included for further study. At 2 years later, the diagnostic
process was repeated: 29 subjects (24%) met criteria for dementia and for PrAD
and 94 did not. Similar to the findings of the Canadian Study of Elby (62) the
group that went on to receive a diagnosis of dementia had lower scores at entry
than the cognitively impaired group. The addition of ApoE genotypes did not in-
crease the predictive value beyond that of the neuropsychological test scores (98).
This finding differed from that of Petersen and colleagues (99) in which ApoE
genotype had an effect on the predictive utility of neuropsychological test scores.

It is clear that the preclinical phases of Alzheimer’s disease might be charac-
terized by more than just changes in memory. Examining a cohort of nonde-
mented elders in the North Manhattan Aging Project who subsequently
developed dementia one year later, Jacobs and associates (100) reported changes
in confrontation naming, abstract reasoning and delayed memory recall.

Neuropsychological tests of memory and attention were found in other lon-
gitudinal studies of normal elder samples to successfully discriminate be-
tween those who continued to decline from those whose cognitive functions
remained stable over time. Memory measures that were most discriminating
included tests of word list recall, facial recognition memory, percent retained
from the recall of stories, object function recall, and Paired Associative
Learning. The attention tests included Digit Symbol and Digit Span from the
Wechsler Intelligence Scales (57,101).

In summary, memory loss is an early symptom of Alzheimer’s disease, and
most studies examining the neuropsychological characteristics of “at risk”
populations have found impairments on memory tasks to differentiate those
subjects who progress to a clinical dementia from those who do not
(82,83,101). Table 1 summarizes the studies providing neuropsychological
predictors. However, as a number of longitudinal studies suggest, tests of ver-
bal fluency, naming, abstract reasoning and complex attention, in addition to
memory measures, may improve the power of prediction in cognitively im-



Table 1
Neuropsychological Studies That Attempted to Establish Test Predictors for Discriminating Between Patients With PrAD
From Normal Controls

Distinguish Distinguish
Nondemented Nondemented but

Distinguish Elders at Risk Cognitively Impaired
Normal Controls for Dementia at Baseline Who

Author (Ref.) From PrAD or PrAD Developed PrAD Test

Storandt et al. X Logical Memory (WMS); Mental Control
1984 (89) (WMS); Trail Making A: Word Fluency (letters

S and P)
Fuld et al. X Free Recall on the Fuld Object Memory

1990 (81) Test (FOME)
Morris et al. X Logical Memory (WMS); Hard Paired 

1991 (9) Associates (WMS); Information (WAIS);
Boston Naming Test; Trail Making A

Flicker et al. X Shopping List-Test of verbal recall; 
1991 (56) Misplaced Objects Test-Visuospatial 
and 1993 (57) recall; Object Function Recognition Task; 

and Object Identification Task
Bondi et al. X X Recall on initial learning trials, Delayed Recall,

1994 (85) Intrusion Errors, Heightened Recency Effects 
on the California Verbal Learning Test (CVLT)
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Masur et al. X Delayed Recall-Selective Reminding Test (SRT);
1994 (92) Recall (FOME); Digit Symbol-(WAIS-R);

Verbal Fluency
Petersen et al. X Free and Cued Recall (Selective Reminding 

1994 (21) Test); Controlled Oral Word Association Test
Petersen et al. X Free and Cued Recall (Selective Reminding

1999 (59a) Test); Controlled Oral Word Association Test
Jacobs, et al. X Boston Naming Test; Immediate Recall on the

1995 (100) Selective Reminding Test; and Similarities 
(WAIS-R)

Locascio et al. X Delayed Recall of a Story & Delayed Recall of a
1995 (31) Geometric Figure

Linn et al. X Measures of verbal memory (Logical Memory
1995 (101) WMS); and Auditory Digit Span

Tierney et al. X Delayed Recall from the Rey AVLT; Mental
1996 (59) Control (WMS)

Grober and Kawas, X Free and Cued Recall (Selective Reminding Test)
1996 (30)

PrAD, probable Alzheimer’s disease; WMS, Wechsler Memory Scale; WAIS, Wechsler Adult Intelligence Scale; CVLT, California Verbal Learning
Test; WAIS-R, Wechsler Adult Intelligence Scale-Revised
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paired normal elders who go on to develop a frank dementia state
(57,92,100,101). Yet, others suggest that the combination of a biologic assay
such as ApoE or the Pupil Dilation Test in conjunction with neuropsycholog-
ical testing may provide for the best prediction of early, preclinical
Alzheimer’s disease (6,99,103).

Challenges Facing Early Diagnosis

Early detection of cognitive change that heralds Alzheimer’s disease poses
some challenging obstacles. Early symptoms of dementia are commonly over-
looked because they are relatively mild, do not call for immediate medical at-
tention and are commonly discarded as signs of old age, fatigue, poor physical
health or depression, even by primary care physicians. When a patient is initially
evaluated for dementia with neuropsychological tests, it is exceedingly rare to
have preexisting baseline tests for comparison. While most elderly people will
have had prior measures of other health indicators (e.g., measures of blood pres-
sure, cardiac function, pulmonary function, blood tests) as a matter of routine
heath care, very few individuals will have had prior cognitive testing unless
there was a specific problem in the past (including early learning disabilities or
prior impairment of cognitive functions). Estimates of prior level of functioning
can be derived but these can be quite imprecise especially in patients with lim-
ited education. This is especially a problem for evaluating patients with superior
levels of intellectual functioning who may obtain test scores in the average
range but for whom this level of performance constitutes a decline.

Another challenge to identifying serious cognitive decline is that there are sub-
stantial individual differences in the course of cognitive aging (15,17,18).
Changes in test scores over time may be normal for one individual but abnormal
for another. The lack of screening instruments that are sensitive to mild cognitive
symptoms in very early stages poses yet another problem. Early cognitive de-
cline can be very insidious and hard to detect with the instruments available to
primary care physicians, such as the Mini Mental State Examination (74), the
Blessed Dementia Scale (75), or the 7 Minute Screen (79a). These tests are con-
venient and do not require special expertise for administration. However, even
the most astute general practitioner will fail to detect an incipient dementia in the
individual with a very high premorbid level of ability who may be experiencing
subjective symptoms of decline but who may obtain a normal score on these
screening tests of mental state. Thus, early detection requires careful neuropsy-
chological examination by a professional with the clinical expertise to recognize
patterns that depart from normality. Even for the expert neuropsychologist, how-
ever, early detection can still pose problems in the patient with low IQ or limited
education. Many of the standard instruments have not been adequately normed
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on older subjects stratified according to levels of education, race, gender, or so-
cial and cultural factors although this problem is being addressed (102,104–106).

Finally, even if there existed the ideal cognitive screening test, the presence
of dementia may be marked not by cognitive decline but by changes in mood,
personality, and comportment (i.e., judgment, decision-making, social inap-
propriateness), all complex behavioral functions for which we have no suit-
able tests. Despite these seemingly daunting obstacles, however, this chapter
has demonstrated the benefits of neuropsychological assessment for detecting
early Probable Alzheimer’s Disease.
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Peripheral Markers of Alzheimer’s Disease
Directions From the Alzheimer Pathogenic Pathway

Maire E. Percy, David F. Andrews, and Huntington Potter

INTRODUCTION

The development of tests that will indicate the presence of Alzheimer’s
disease (AD), or that will identify persons who are at very high risk of de-
veloping AD at an early potentially reversible stage, is driven by clinical
needs and research interests. There is evidence that brain changes leading to
AD may begin more than four decades before the appearance of clinical
symptoms (267,361). For this reason, there is optimism that it will be possi-
ble to develop tools to detect AD before symptoms have progressed to the
point where they meet the criteria for probable AD (symptomatic markers),
identify persons at highest risk for developing clinical manifestations of AD
(preclinical markers), and to monitor the progression of AD so that treat-
ments to slow down the course of AD (ultimately, to prevent it) can be de-
veloped and evaluated. Such tools have the potential for substantial
cost-savings at many different levels. Furthermore, they would aid clinical
trials of drug treatments by simplifying the selection and subgrouping of
study participants and by enabling the effects of drug treatments to be mea-
sured objectively. Aside from possible clinical application, efforts to develop
earlier tests for AD are increasing our understanding of the aberrant biologi-
cal processes that result in AD, information that will help with the rational
development of treatment.

Biological processes, factors, or chemicals that are expressed aberrantly in
a particular disease are referred to as biomarkers of the disease. Measure-
ments of a wide variety of biomarkers are currently being evaluated as tools
for the earlier diagnosis of AD. In the AD field, some researchers are focus-
ing on biomarkers that are known to reflect the underlying disease process.
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Others are studying phenomenological correlates of AD with the hope that
they will be informative. There are several important components in bio-
marker research. First the biomarker should be connected to the disease in a
rational way. They must be evaluated to determine if they are symptomatic or
predictive. Second, biomarker studies require the collection of valid and reli-
able data. Assurance must be provided that measures of biomarkers are not af-
fected by factors purely technical. Finally, biomarker data must be interpreted
appropriately. The challenge at hand is to be able to distinguish persons with
AD at an incipient stage not only from healthy normal individuals but from
others with neurological and nonneurological disorders that can mask as AD
at an early stage of development.

This chapter begins with an overview of general considerations in bio-
marker studies. Risk factors for AD and the pathogenesis of AD have been re-
viewed to emphasize the complexity of AD and to explain at least in part why
AD is expressed systemically as well as in the central nervous system.
Biomarkers that may be relatively specific to AD [such as neuronal thread
protein, tau, and a specific form of amyloid-� protein (A�)], as well as mark-
ers that may reflect a relatively nonpecific response to injury in the central
nervous system (CNS) (such as certain indicators of the acute phase response
and inflammatory markers) and other correlates of AD are discussed and crit-
ically assessed. The potential of biomarker testing in AD is compared with the
demonstrated potential of clinical dementia test batteries and brain imaging.
The chapter concludes with an approach for using different types of informa-
tion in combination for the earlier diagnosis of definite AD. 

General Considerations in Biomarker Studies

Criteria of a Biomarker for AD

A biomarker for AD may have several uses including diagnosis, popula-
tion screening, predictive testing, monitoring progression or response to
treatment, and studying brain-behavior relationships. After an association
between a biomarker and AD has been established, the biomarker must be
evaluated to determine if it is an indicator and/or a predictor of AD, and if
it is useful in all types of AD and at all stages. Ideally, a biomarker for AD
should be connected in a known way to AD brain pathology and be able 
to detect AD early in its course and to distinguish it from other dementias.
It should be quick, easy, reliable, inexpensive to perform, and safe and 
acceptable to the persons being tested as well as to clinicians. It is consid-
ered unlikely that a single biomarker will be able to fulfill all of these 
criteria (385).
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Characterization of the Performance 
of Diagnostic Tests

In order to interpret a biomarker test result, one needs to know what is the
probability of definite AD given a positive test result, and what is the proba-
bility that the disease is absent if the test is negative, as discussed in Chap-
ter 1. Mayeux (244) has summarized the terms that are used to characterize
the performance of a diagnostic test. The prior probability is defined as the
frequency of the disease in the particular group of patients being investigated.
If this group includes all affected individuals in a particular region, then the
frequency is equivalent to the prevalence. The terms sensitivity and specificity
describe the accuracy of the test. Sensitivity is defined as the percentage of in-
dividuals with the disease whose test results are positive, and specificity refers
to the percentage of individuals without the disease whose test results are neg-
ative. The predictive values (positive and negative) describe the probability of
disease. Positive predictive value (PPV) is the percentage of people with pos-
itive test results who actually have the disease. This indicates how likely it is
that the disease is present if the test result is positive. Negative predictive
value (NPV) is the percentage of people with negative test results who do not
have the disease. Mathematical definitions of the terms used to describe the
performance of a diagnostic test are given in Table 1. In the section “Tests in
Combination for the Earlier Detection of AD,” a strategy for calculating the
probability that a person with a collection of suspicious symptoms of AD ac-
tually has definite AD is presented.

Sources of Variability in Biomarker Tests

Introduction

Biomarkers can be affected by biological and technical factors other than
the disease in question. In this section we draw attention to factors that might
result in variability of biomarker expression in AD.

Subject Age, Gender, Genetic Risk Factors, Ethnic
Background, and Family History

Measures of biological parameters frequently are affected by subject age
and gender. Furthermore, age and gender effects can be different in patients
and healthy normal individuals used as “controls.” Ideally, age and gender ef-
fects should be established for healthy control individuals and patients. One
way of minimizing age and gender effects is to pair each case with a control
individual that is matched with respect to gender and age. If there is reason to
believe that ethnic background will affect the biomarker, then this parameter
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also should be factored in and controlled for (181,324). In carrier detection
studies, family history of a particular disorder has been shown to affect the
predictive power of a biological test result (295). In the development of direct
tests for AD, subject age and gender and any available genetic information
(e.g., family history of AD or lack of it; age at onset of AD), or knowledge of
specific genetic markers to which AD is linked or associated—positively or
negatively) likewise could be evaluated as explanatory variables (292). (An
example of how such information might be used in earlier AD diagnostics is
given in the section “Tests in Combination for the Earlier Detection of AD.”)
It is known that increasing subject age is the strongest risk factor for AD.
Compared to males, females have a 2 to 3-fold increased risk of developing
AD (171,345,384). A recent longitudinal study of subjects age 75 years and
older has shown that a family history of AD increases the rate of cognitive de-

Table 1
Definitions of Terms Encountered in the Evaluation and Use of Diagnostic Tests 

A. Comparison of results of a diagnostic test with the true disease state

The True Situation

Test Result Disease No Disease

Positive a: True positive b: False positive
Negative c: False negative d: True negative
Population Patients Nonpatients

B. Prior probability, sensitivity and specificity

Prior probability = 
true positives � false negatives

total population

Sensitivity = 
true positives (a)

true positives (a) � false negatives (c)

Specificity = 
true negatives (d)

true negatives (d) � false positives (b)

C. Positive and negative predictive value

Positive predictive value (PPV) = 
true positives (a)

true positives (a) � false positives (b)

Negative predictive value (NPV) =  
true negatives (d)

true negatives (d) � false negatives (c)

After ref. 244.
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cline independently of the apolipoprotein E �4 (ApoE 4) allele, which
presently is thought to be the most significant genetic risk factor for AD
(292,326–328,333).

Inclusion/Exclusion Criteria 

The specification of criteria for selecting study participants is of great im-
portance. Ideally, participants should be recruited in a random fashion, and in-
clusion/exclusion criteria and other relevant characteristics should be described
in sufficient detail so that the study population can be replicated by another
group. A dilemma in studies of prevalent diseases in which subject age is a risk
factor is whether the reference group should consist of relatively young indi-
viduals who are likely to be free of disease, or age-matched individuals of
whom a significant proportion actually may have the disease in question!
Alternatively, persons in the reference population might be screened for signs
of disease and excluded from the study. Researchers must be aware of the con-
sequences of the nature of the control group(s) on interpretation of their data.

Environmental Factors 

As biological parameters can vary in a diurnal fashion or be affected by sea-
son of the year, cases and control individuals should be tested under parallel
conditions (77,132,297). The level of recent physical activity or degree of psy-
chological stress sometimes can affect results and should be noted (423).
Information about current health status (including medications the participant
is taking) should be collected, since these can affect levels of biomarkers (301).
Because every test is associated with some degree of intraperson variation, it is
necessary to determine whether adequate information can be obtained with one
test on each individual, whether repeated independent measurements using the
same test are necessary, or whether measures of different independent tests
should be combined to increase the sensitivity and/or specificity to the desired
level (299). Test results can be interpreted in terms of the results found in a
“normal” population. A convenient way of expressing a test result is to convert
it into Z scores (i.e., the number of standard deviations away from the mean of
the reference population). In longitudinal studies, test values of each individ-
ual at the beginning of the study can be used as reference (306).

Technical Factors 

AD biomarkers include blood, cerebrospinal fluid (CSF), or urine tests that
can be affected by many factors. For example, in the case of blood tests, pro-
tocols for collecting, transporting, processing, storing, and assaying samples
must be specified and rigorously adhered to for both cases and controls (295).
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Factors that can affect measures of biological substances in plasma include
the gauge of the needle used to draw the blood (this must be sufficiently large
to prevent distortion of blood cells), type of anticoagulant and/or tube used for
collection of the blood, nature and duration of sample storage before process-
ing (chilling blood will leach components out of cells and solidify lipids), the
g-force and duration of centrifugation used for recovery of the plasma, tem-
perature at which the centrifugation is done, the type of pipette used to har-
vest the plasma (glass pipettes will trigger clotting), the type of vial used for
storing sample aliquots, and the conditions for storing the processed sample
prior to analysis (i.e., refrigerated, frozen at �20�C or �80�C, duration). The
addition of stabilizing buffers and/or a protease inhibitor cocktail to any bio-
logical fluid or extract which is at risk of losing its activity or of becoming
proteolytically degraded in vitro is strongly recommended. Finally, multiple
freeze–thaw cycles are to be avoided.

If a test is based on analysis of cultured cells, important factors that might
affect results are characteristics of the cell donor (i.e., gender, age, type/stage
of AD), whether the culture is primary or secondary, and the passage number
(how many times the cells have been allowed to divide before they are as-
sayed). The number of divisions an untransformed cell culture can undergo
before they begin to die is inversely proportional to the age of the cell donor
(133). If the cells are transformed, the nature of the transforming agent (e.g.,
chemical or viral) may be important. For data interpretation, researchers must
be aware that cultures can easily become contaminated by droplets containing
rapidly growing transformed cells such as HeLa (280). (The HeLa cell line
was originally established from a human uterine carcinoma; it contains DNA
from human papillomavirus type 18.) Details of the culture conditions (type
of culture medium, percentage of fetal calf serum added, internal incubator
temperature, the incubator atmosphere, cell concentration, whether replenish-
ment of the culture medium requires disbursement or centrifugation of the
cells, the size of the flask, the amount of medium in the flask), and how long
the cells were in logarithmic growth before the experiment, are some other
important factors that can affect gene expression, growth and physiological
properties of cells. For example, it is known that old cell cultures or cells that
have been stressed by growth in serum-deficient culture medium will produce
excessive amounts of A� (1). Researchers must ensure that a potential AD ef-
fect on particular properties of cultured cells is not a passage number effect,
or an effect of treating AD cells differently than control cells. 

It is important to know how reproducible a laboratory screening procedure
is. Interassay, intraperson, and interperson coefficients of variation should be
determined (299). If interassay coefficients are not reasonable and are not less
than the interperson variation, then there may be a problem with the test
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and/or experimental design which must be investigated (299). Factors known
to result in abnormally high interassay coefficients of variation include differ-
ences or ranges in ambient temperature or temperature of assay reagents,
faulty micropipets, failure to control for the time dependence of an assay (es-
pecially in rapid immunoassays in which an antigen–antibody reaction is not
allowed to reach equilibrium) (298), the use of “standards,” which themselves
are not stable or which differ from one laboratory to another, inexperience of
the technician conducting the test, or involvement of different technicians in
data generation. Preparing reagents with the required degree of accuracy, and
working within their limits of stability, also are fundamental to the success of
any laboratory assay (301). The validity of a biomarker test (i.e., what exactly
is the test measuring) also is of fundamental importance. For example, in im-
munoassays the specificity of the antibody being used must be demonstrated
and appropriate positive and negative standards should be used as reference
(256). World Health Organization Standards should be made available for AD
testing as they have been for other biomarker assays (411).

Similarly, for neuropsychological, neurobehavioral and other types of test-
ing, the chosen protocols must have documented and adequate test–retest re-
liability, interrater reliability and validation (142). For any test to work,
attention must be paid to quality control.

Statistical Approaches for Data Analysis

Attention to detail in experimental design and analysis is essential. A paired
case/control study design and analysis is preferred when a methodological
procedure is affected by “environmental factors” (301). For example, because
the measurement of superoxide dismutase (SOD) activity in a biological sam-
ple is affected by ambient temperature, as well as the oxygen concentration in
the lysates and in the assay reagents, the interassay coefficient of variation is
large. To minimize such environmental effects, we assayed in parallel red cell
extracts from a patient with clinical manifestations of AD and a paired control
matched for subject age and gender. To determine if there were an Alzheimer
effect on SOD activity, a paired analysis with corrections for gender and age
effects was used to test the null hypothesis that the mean difference between
pairs of patients and controls was zero (301).

The powerful technique of logistic regression enables populations to be ef-
fectively separated on the basis of one or more quantitative, overlapping char-
acteristics. This approach enables multiple independent measurements from
one or more tests into a single clinical indicator which then can be combined
with family history information to yield the probability that an individual has
a particular disease. For example, in order to distinguish female carriers of
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Duchenne muscular dystrophy (DMD) on the basis of serum creatine kinase
(CK) measurements, we developed a procedure to combine independent se-
rial measurements of CK on individuals into a single index which then was
combined with family history information to yield the probability that the in-
dividual being tested was a carrier of the DMD gene (299). In order to effi-
ciently distinguish female carriers of hemophilia from healthy normal
individuals, logistic coefficients were derived from the ratio of measurements
of factor VIII activity (which is defective in hemophilia A) and von
Willebrand factor (to which factor VIII binds) into a single index which was
combined with family history information to yield the probability that the in-
dividual being tested was a carrier of hemophilia A (300).

The construction of receiver operator characteristic (ROC) curves (plots of
sensitivity versus corresponding specificity for different cutoff values) en-
ables an observer to see at a glance how different cutoff values affect the sen-
sitivity and specificity of a test, an innovation which is very practical since
these two test characteristics are not always equally important in a clinical
setting (67).

The application of artificial neural networks (ANNs) may be useful for sep-
arating populations on the basis of differing patterns. For example, French and
colleagues (105) compared the classification abilities of linear discriminant
analysis (LDA) using the results of 11 neuropsychological tests as predictors
of AD. LDA and ANNs correctly identified 71.9% and 91.1% of cases, re-
spectively. Furthermore, ANNs were more powerful in discriminating sever-
ity levels within the dementia population. 

Tissues That Should Be Sampled

Biomarker tests should be done on tissues that express the disease in ques-
tion. In the case of AD, many investigators are evaluating markers in the CSF.
CSF is secreted in the brain, primarily by the choroid plexus. Because it ex-
ists in steady state with the extracellular fluid surrounding neurons and glia, it
is the body fluid most likely to reflect disturbances of the CNS. Although CSF
sampling is an invasive procedure that must be done by an experienced clini-
cian, serious side-effects are quite rare. The potential benefits of a CSF test for
AD must be balanced against any risks and discomfort associated with the
procedure. Some researchers are examining markers in blood, urine, skin, and
cell lines derived from blood or skin, although it is not presently clear to what
extent changes in the latter tissues reflect disease or metabolic perturbations
from predisposing risk factors. Yet others are combining the results of genetic
tests with neuropsychological or brain imaging test data (4,361).
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Evaluation of a Biomarker

The challenge in AD is to find a biomarker that will distinguish AD from
other conditions that mask as AD at the earliest possible stage. The potential of
a biomarker for probable AD is initially evaluated from studies of persons with
a clinical diagnosis of probable AD and healthy normal individuals. Its positive
and negative predictive power based on autopsy diagnosis should then be eval-
uated. Once a biomarker shows promise in increasing the diagnostic accuracy
of probable AD using autopsy diagnosis as a “gold” standard, its value in early
or presymptomatic diagnosis should be evaluated in longitudinal studies of in-
dividuals with questionable symptoms of AD, and different categories of
presymptomatic individuals at high risk for AD. A fundamental problem with
such evaluation is that a diagnosis of probable AD in living individuals or of def-
inite AD made on the basis of neuropathological findings alone or in combina-
tion with clinical findings, cannot be made with certainty.

Although guidelines exist for the clinical and autopsy diagnosis, both have
shortcomings. In as many as 10% to 40% of cases, a clinical diagnosis of AD
does not agree with autopsy findings. Part of the problem lies with the clinical
diagnosis. Clinical guidelines often do not distinguish between “pure AD” and
AD with a mixed pathology that includes vascular dementia and white matter le-
sions. These guidelines identify two main subgroups of patients: presenile AD
with an age of onset 65 years, and senile AD with an age of onset �65 years;
the second subgroup can contain a high proportion of “mixed” cases (402).
Current clinical guidelines also often do not distinguish between AD and fron-
totemporal dementia, or Lewy body disease. Furthermore, there is substantial in-
terpathologist disagreement on the interpretation of autopsy findings (36). Thus
studies of biomarkers must go hand in hand with improved inclusion/exclusion
criteria for study participants and improved guidelines for the clinical and au-
topsy diagnosis of AD (164,232). The importance of guidelines for the clinical
and autopsy diagnosis of AD in biomarker studies cannot be overemphasized.

The Alzheimer Pathogenic Pathway

Risk Factors

Genetic risk factors for AD are discussed in Chapter 5. In the current chapter,
genetic and environmental risk factors are summarized in Tables 2 and 3  to em-
phasize the complex and heterogeneous nature of AD, to remind the reader that
some AD biomarkers may be metabolic perturbations resulting from such pre-
disposing risk factors, and to underscore the potential that knowledge of predis-
posing risk factors for AD might have in its earlier diagnosis.



Table 2
Genetic Markers for Alzheimer Disease

Marker Uses Target Population Accuracy* Reference 

Confirmed Nuclear Genetic Markers

APP mutations (chromosome 21) Dx,PREDT EOFAD SP: <1 115
ST: 0.05-0.07 270

ApoE 4 (chromosome 19) Dx,PREDT,Rx LOAD 373
non-PS-1 EOAD 144

Clinical diagnosis SP: 0.55; ST: 0.93 245
ApoE 4 alone SP: 0.68; ST: 0.65

Clinical diagnosis � ApoE 4 SP: 0.84; ST: 0.61
PS-1 (or S182) gene mutations Dx,PREDT EOFAD SP: 1 11, 270, 350

(chromosome 14) ST: 0.70-0.75 351
PS-2 (or STM2) gene mutations Dx,PREDT EOFAD SP: 1 211

(chromosome 1) ST: 0.05-0.20 212
322*

Nonrandom association between alpha 174, 175
1-ACT and ApoE loci in women

�2-Macroglobulin deletion 23
(chromosome 12)

Transferrin C2 allele (chromosome 3) LOAD 396
C2 allele frequency is markedly 393
increased in ApoE 4 homozygotes 271

Other Reported  Nuclear Genetic Markers

Increased frequency of certain HLA EOFAD 408
haplotypes and Gm allotypes

Association of a rare HLA-linked SDAT 274
C4*B2 allele

Variant chromosome 22p� one LOFAD kindred 302
HLA DR 1,2,3 variants (protective LOAD 58

against AD) (chromosome 6)

200



HLA DR 4,5,6 variants LOAD 58
(chromosome 6)

ApoA-IV-2P variant LOAD 56
(chromosome 11)

LRP genotype (chromosome 12) LOFAD, LOAD 176,178
(involvement is controversial)

Association between butyrylcholinesterase LOAD 210
variant K and ApoE 4 variant
(controversial)

HLA-A2 variants (chromosome 6) EOAD 291
ApoE promoter polymorphism LOAD 201

(chromosome 19)
Tau variants (chromosome 17) FTDP-17 309

397
148

CYP2D microsatellite polymorphism Lewy body variant of AD 377
(chromosome 19)

Association between PS-1 and sporadic AD 405
�1-ACT genotypes 

Unidentified (X chromosome) 426

Possible Mitochondrial DNA Markers

Mitochondrial tRNA 4336G variants:
Possible association with AD and 352
Parkinson's disease 83

Possible association with AD 147
Somatic mitochondrial 4977 nt deletions 51

(in Alzheimer brains)
12S mitochondrial rRNA polymophisms 380

�1-ACT, �1-antichymotrypsin; AD, Alzheimer disease; ApoE, apolipoprotein E; APP, amyloid precursor protein; CYP2D, cytochrome P4502D
variant; Dx, diagnostic; EOFAD, early onset familial Alzheimer disease; FTDP-17, frontotemporal dementia and Parkinsonism linked to chromosome
17; Gm allotype, marker on IgG heavy chains; HLA, human leukocyte antigens; LOAD, late onset Alzheimer disease; LOFAD, late onset familial
Alzheimer disease; LRP, an apolipoprotein E receptor; PREDT, predictive; PS-1 and PS-2, presenilin 1 and 2; rRNA, ribosomal RNA; Rx, treatment;
SDAT, senile dementia of the Alzheimer type; SP, specificity; ST, sensitivity.

*Information about diagnostic accuracy from ref. 321.
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Table 3
Other Risk Factors for Alzheimer Disease Including Environmental Risk Factors
and Genetic/Environmental Interactions

Likely Relative Risk or
Probability That Association

of Risk Factor
Category Is Due to Chance Reference

Old age* Strongest risk factor 141
Down syndrome* Not definitely established; 59

possibly as many as 50% 
of people with Down 
syndrome may develop 
clinical manifestations of AD

Family history:*

Positive family history of dementia 4.2 392
& family history of Down syndrome
Negative family history of dementia 2.6 392
& family history of Down syndrome
Positive family history of dementia 3.3 392
& family history of Parkinson disease

Negative family history of dementia 2.4 392
& family history of Parkinson disease

ApoE genotype interactions:
Herpes simplex virus 1 in brain 16.8 161
& an ApoE 4 allele
Head injury & an ApoE 4 allele 10 379
Head injury, no ApoE 4 allele No increase 379
ApoE 4 alone* 2 379
Caucasian & ApoE 4 5.3 379
Hispanic & ApoE 4 3.2 379
African-American & ApoE 4 0.6 379

Female gender* 2-3 171
Maternal vs. paternal inheritance 2.8 82
Magnetic field exposure 2.4/2.7 98
Low head circumference 2.3/2.9 336

(lowest quintile) for males/females
History of depression and positive/ 2.0/2.1 392

negative family history of AD
Late maternal age and positive/negative 1.7/2.0 392

family history of AD
Aluminum in drinking water �100 	g/l 1.7 251
Association with diabetes/diabetes 1.3/3.2 284

treated with insulin
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There are considerable data that suggest all genetic and/or environmental risk
factors for AD perturb the metabolism of amyloid precursor protein (APP), and
result in excessive production of APP derivatives called A� which play an im-
portant role in the disorder. This view has arisen from the observation that the
AD brain is characteristically laden with amyloid deposits that are surrounded
by dead neurons. Many researchers believe that these amyloid deposits cause
AD. A report that people with mutations in the APP or presenilin (PS-1 and
PS-2) genes have more A� peptide ending at A� 42(43) than normal in their
plasma supports the opinion that an increased extracellular concentration of A�
42(43) leads to increased deposition of this particular form of A� in the brain
(335). This concept is also supported by in vitro experiments using transfected
cells. For a review of the cell biology of APP and the possible mechanism of AD
see Selkoe (341) and Chapter 4. See also refs. 143,230,242,243,341,407,418.
Second, while the biological basis for the association of the ApoE 4 allele with
AD is not known, the age of onset of AD and A� deposition in the brain are cor-
related with the ApoE 4 allele dosage, suggesting that this risk may also be me-
diated directly or indirectly through A�. Finally, treatment of cells and animals
with fibrillar preparations of A� in vitro can be cytotoxic (420). However, the
excessive production of A� may be the manifestation of underlying cellular in-
jury which possibly arises from excessive intracellular oxidation (42) and/or is-

Table 3 (continued)

Likely Relative Risk or
Probability That Association

of Risk Factor
Category Is Due to Chance Reference

Low socio-economic status p  0.05 93
(including low level of education)

Starvation/malnutrition associated p  0.05 136
with late-onset AD and sporadic AD

Physical underactivity associated p  0.05 136
with early-onset AD

Nervous breakdown more than 10 years p  0.05 136
before, associated with early-onset AD

Increased frequency of HLA-BW15 p  0.05 316
� cytomegalovirus antibodies

Adult exposure to tuberculosis p  0.05 104
Spirochetes in all brain samples 258
No spirochetes in brain 126
Association with insulin resistance syndrome p  0.05 200

*Consistently confirmed risk factors for AD. See also refs. 344, 372.
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chemic stress (165). Oxidative processes might lead to vascular and/or cellular
abnormalities, which result in excessive production of A� as a compensatory or
repair process. According to this second view the Alzheimer pathogenic process
(including the deposition of amyloid) constitutes a defensive reaction to cellu-
lar malfunction, injury or stress that results from genetic mutations/variations
and/or environmental risk factors, and may reflect the body’s attempt to seal and
“wall off” leaky cells and vasculature, inactivate faulty neurons, and maintain
brain homeostasis in so far as is possible (247,248). In support of the latter hy-
pothesis is the fact that excess A� is produced by an injured brain and by nor-
mal cells when they become senescent or are severely stressed or injured
(1,111,165). Mattson and colleagues (243) have pointed out that APP has char-
acteristics of a pleiotrophic cytokine/trophic factor like transforming growth
factor-beta (TGF-�) and tumour necrosis factor-alpha (TNF-�). These interact
with one another and mediate a variety of injury-related changes and molecular
interactions. It has been suggested that amyloid deposition is a primitive mech-
anisms of wound healing that takes place in the absence of immunoglobulins
(99). Researchers are urged to keep an open mind about the biological function
of amyloid deposition in AD in the development of treatments for AD (103). A
fundamental question is whether treatment for AD should focus on prevention
of injury to neurons and blood vessels or on reduction of amyloid production,
which might exacerbate the condition if its deposition is a response to injury.

It is suggested that the following processes are involved in the pathogene-
sis of AD: metabolic perturbations caused by genetic and/or environmental
risk factors for AD, compensatory responses to these perturbations, cellular
injury, and induction of inflammatory responses which coincide with clinical
manifestations of AD. All of these processes may occur simultaneously within
an individual to a greater or lesser degree. In one model of AD, greater brain
reserve (number of neurons and/or the density of their interconnections in
youth, learned cognitive strategies, and amount of functional brain tissue that
exists) has been proposed to buffer the clinical expression of AD (57,268).
Factors (genetic and/or environmental) that can keep the brain reserve above
a minimum threshhold would appear to be protective against dementia.

Aberrant Biological Processes 
in the Alzheimer Brain

Aberrant biological processes associated with brain degeneration in all
forms of AD include loss of up to half the brain mass, deposition of amyloid
in “senile” plaques and blood vessels (meningeal and cerebral), and formation
of neurofibrillary tangles (NFT) in certain neurons. A key molecular step un-
derlying amyloid formation is the polymerization of the small A� peptide into
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amyloid fibrils. A key step underlying the development of the NFT is the ac-
cumulation of hyperphosphorylated tau molecules in neurons which bundle
into paired helical filaments. Although A� and modified tau play a central role
in Alzheimer pathology, it is becoming increasingly clear that AD results from
a complex series of steps—“a pathogenic pathway”—that goes beyond the
formation of amyloid and NFT. A loss of synaptic density in the AD brain has
been observed consistently, although this feature is not usually assessed
histopathologically because of methodological complexity (206). Synaptic
disconnection and neurodegenerative sprouting in AD correlate with overex-
pression of particular classes of neuronal thread proteins (70–72).

Two independent lines of investigation have indicated that inflammation plays
an important role in AD. First, there is evidence for a novel inflammatory re-
sponse in the AD brain. Second, there is considerable epidemiological evidence
(supported by some small clinical trials) that nonsteroidal antiinflammatory
agents protect against AD (3,37,38,247,249,275). The inflammatory process in
the AD brain has been called the innate immune response to distinguish it from
the classical peripheral cellular and humoral immune responses which require
considerable time to become activated and to develop memory (274). Evidence
for a novel inflammatory response in the AD brain is reviewed in ref. 275.

Possible Order of Events in the Alzheimer
Pathogenic Pathway 

A clue about early steps in the pathogenic pathway has been provided by
studies of brains of people with Down syndrome. (The cells of people with
Down syndrome carry an extra chromosome 21, which most often is the re-
sult of meiotic nondisjunction.) Almost all persons with Down syndrome de-
velop brain pathology resembling that in AD and frequently dementia
resembling AD by age 40–50 (166,228). Trisomy 21 is known to be associ-
ated with excessive production of A� (which is derived from APP encoded on
chromosome 21) and with an inflammatory reaction in the brain accompanied
by the high expression of interleukin-1 (IL-1) and astroglial activation. These
features also are characteristic of the Alzheimer brain (121,122).

Genetic and biochemical studies of the Alzheimer and Down syndrome
brain, the APP, �1-antichymotrypsin (ACT) and ApoE genes and proteins, and
of factors initiating the polymerization of A� peptide into amyloid filaments,
have suggested that one of the earliest steps in this pathway is the diffuse ac-
cumulation of amorphous deposits of A�—the most widespread pathological
change in AD. Diffuse (amorphous) amyloid deposits are thought to induce an
inflammatory reaction involving microglial cells. The latter produce IL-1
which induces surrounding astrocytes to synthesize ACT and APP in response
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to IL-1 at the translational level (323). There is evidence from in vitro exper-
iments that ACT (and ApoE as well), in turn, promote the polymerization of
soluble A� into the insoluble mature amyloid filaments which are found as
deposits in blood vessel walls and in the more mature plaques, which contain
a “core” (17,60,224,225). ApoE also may regulate the phosphorylation of tau
(406), a process that is crucial for formation of the paired tau helical fila-
ments. There is evidence that ApoE associates with the A� peptide to form
novel monofibrils (332), and that fibril formation is accelerated in vitro by
ApoE. The ApoE4 isoform associates more efficiently than ApoE 3 (414).
CSF inhibits fibril formation (413). Because amyloid plaques form before
NFT which are comprised largely of phosphorylated, polymerized tau (7),
changes in particular species of A� or of APP in CSF might be among the ear-
liest biomarkers of AD. However, because the overproduction of A� and
phosphorylation of tau are characteristic of responses to injury, hypoxia, and
senescence as well as of AD, changes in these markers may not be specific for
AD (39,79,103,242,319). A further complication in using APP and derivatives
as a marker for AD, is the fact that changes in these markers may reflect meta-
bolic perturbations resulting from genetic predisposing risk factors for AD
rather than AD itself. Such metabolic perturbations do not constitute AD. 

Mattson (242) has outlined how the APP and its A� derivatives might be in-
volved in health and in AD. In neurons, APP is axonally transported and accu-
mulates in presynaptic terminals and growth cones. A secreted form of APP
(sAPP-�) is released from neurons in response to electrical activity; this is be-
lieved to be neuroprotective. A signaling pathway involving cyclic GMP is ac-
tivated by sAPP-� and modulates the activity of potassium channels,
N-methyl-D-aspartate receptors and the transcription factor NF�-B. APP also
may modulate cell adhesion and regulation of nonneuronal cells. Possibly as a
response to injury, alternative enzymatic processing of APP liberates A� which
has the tendency to form amyloid fibrils. Fibril formation leads to impairment
of membrane transport systems including ATPases linked to ion movement, and
glutamate and glucose transporters. Genetic and/or environmental factors that
increase the production of A� and/or decrease the levels of neuroprotective
sAPP-� are thought to promote neuronal degeneration in AD. In culture, A� has
been found to be neurotrophic to undifferentiated hippocampal neurons at low
concentrations and neurotoxic to mature neurons at high concentration. Amino
acids 25 to 35 of A� mediate both of these effects and furthermore this region
is homologous to the tachykinin neuropeptide family. In fact, both effects of A�
have been mimicked by tachykinin antagonists and reversed by specific
tachykinin agonists (420). It has been suggested that effects of A� might be sim-
ilar in vivo.
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Oxidative Stress and Antioxidant Responses 

There is substantial evidence that oxidative damage in the brain increases in
normal aging, that it is greater in persons with AD, and greatest in the brain re-
gions that are most vulnerable in AD, but the source of the oxidative stress re-
sulting in these changes has been elusive (50,231,364). Regions of the brain that
degenerate in AD (e.g., cerebral cortices) have been found to have a significant
increase of aluminum and iron compared with age-matched controls (421). (See
also ref. 251.) Surprisingly, redox-active iron has been found to be reversibly as-
sociated with the plaques and tangles of the AD brain (364). This iron may be a
source of oxidative stress if there are not adequate levels of iron-binding pro-
teins or antioxidants in the vicinity, since ferrous iron will catalyze the produc-
tion of damaging hydroxyl or peroxyhydroxyl radicals in the presence of
reactive oxygen species. High levels of RNA and protein for the inducible en-
zyme heme oxygenase-1 also are associated with AD plaques and tangles
(363,364). Because heme oxygenase-1 converts heme into antioxidant
tetrapyrroles and free iron, heme may be a major source of the redox-active iron
in plaques and tangles. Since there is evidence that plaques form at the site of
microvascular aberrations (40,131,162,172), leakage of blood from vasculoen-
dothelial cells that are damaged by genetic and/or other risk factors for AD may
be the source of the free heme. Accordingly, it is speculated that one function of
plaques and tangles in the AD brain may be to reversibly immobilize free iron
that is liberated from heme by heme oxygenase-1 until it can be sequestered and
detoxified by ferritin and/or other iron-binding proteins. The iron-binding pro-
tein IRP2 which plays an important role in iron metabolism and in regulation of
the levels of free iron, also colocalizes with AD plaques and tangles (365).

Chronic oxidative stress should be accompanied by compensatory antioxi-
dant processes. Although heme oxygenase-1 is a marker of oxidative stress,
increased expression of heme oxygenase-1 in AD brain plays a key role in an-
tioxidant defense because this enzyme catalyzes the production of antioxidant
tetrapyrroles from heme. The enzyme Cu,Zn superoxide dismutase, which
converts superoxide radicals into hydrogen peroxide, also plays a key role in
antioxidant defense; its level increases in response to oxidative stress.
Elevated levels of this enzyme have been reported in red cells of some AD pa-
tients and their first-degree relatives; these elevations may reflect increased
peripheral antioxidant activity in AD (343). Elevated levels of ferritin (which
sequesters and stores iron) in CSF (195), of P97 or melanotransferrin (which
binds iron and zinc) in serum of AD patients (186), or of changes in the
plasma ratio of cysteine to sulfate (134), similarly may be part of a spectrum
of antioxidant defence that is upregulated in AD. 
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The Acute Phase Response 
and Alzheimer Disease

What is the Acute Phase Response?

The acute phase response (APR) is an orchestrated physiological response
of the body to tissue injury, infection, or inflammation. A prominent feature
of the APR is the induction of acute phase proteins, which are involved in the
restoration of homeostasis. Cytokines [including interleukin-1 (IL-1), IL-6
and tumor necrosis factor-alpha (TNF-�)] are important mediators of the
APR. Different signaling pathways are activated by different cytokine-recep-
tor interactions. Eventually, cytokine-inducible transcription factors interact
with their response elements in the promoter region of acute phase genes and
their transcription is induced (or inhibited). The APR also involves activation
of the hypothalamic–pituitary–adrenal (HPA) axis. Examples of serum pro-
teins whose levels increase in a systemic APR are �1-ACT, amyloids A and P,
and ferritin (the major iron storage protein). Serum amyloid A is an acute
phase protein that modulates proteoglycan synthesis in cultured murine
macrophages (86a). Serum amyloid P component controls chromatin degra-
dation and prevents antinuclear autoimmunity (22a). Examples of proteins
whose levels decrease in an APR are transferrin (the major iron binding pro-
tein) and transferrin receptor (the major iron transporting protein) (191,192).

Central Nervous System Acute Phase Response

The fact that various interleukins, �1-ACT, and amyloids A and P are pro-
duced in the AD brain strongly suggests that the Alzheimer pathogenic path-
way includes an APR in the CNS (or is one), since these substances are known
to be an integral part of the APR in the periphery. Astrocytes, microglia, and
the choroid plexus participate in the APR of the CNS. Measures of CSF cy-
tokines and other factors involved in the CNS APR might be used as bio-
markers of AD, although they would be expected to be relatively nonspecific
indicators.

Peripheral Acute Phase Response

The fact that changes in serum levels of substances which are characteris-
tic of a peripheral APR, including increases in inflammatory cytokines, �1-
ACT, amyloids A and P, and decreases in transferrin receptor, have been noted
in some studies of AD patients suggests that a peripheral APR also is mounted
in AD (10,87,100,173). The peripheral APR in AD may not be typical, how-
ever. For example, AD is associated with activation of the HPA axis, which
also is characteristic of a peripheral APR, but there is evidence that regulation
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of the HPA axis is aberrant in AD. For example, administration of cortisol re-
duces hippocampal glucose metabolism in the normal elderly but not in AD
(75). Peripheral markers of the APR may be induced in AD by excessive cy-
tokine production in the CNS (particularly of IL-1), and possibly also by cy-
tokine production by other tissues such as the thyroid (119) when AD is
caused by genetic factors.

Interaction Between the Acute Phase Response 
and the Neuroendocrine Systems

There is mounting evidence that during the APR, the nervous, endocrine,
immune, and inflammatory systems are bidirectionally interconnected and co-
ordinated (409,412). These bidirectional interactions are the key for linking
together the myriad of changes that have been described in CSF and periph-
eral blood of AD patients and for understanding how changes in the AD brain
can be reflected in the periphery, and how genetic and enviromental stressors
might interact with the neuroendocrine and immune systems to predispose to
AD. Furthermore, because of this bidirectional regulation, it is conceivable
that specific neurodegenerative and other neurological diseases each will be
associated with specific neuroendocrine and immune changes in blood.

The nervous, endocrine–immune, and inflammatory systems all express
and respond to a large number of regulatory molecules in common. IL-1 and
IL-6 are the most thoroughly characterized cytokines that function as regula-
tors of neuroendocrine–immune communication; however, TNF-�, IL-2,
interferon-gamma and other cytokines probably also play a role (155,290). In
addition to stimulation of the APR and the HPA axis, major actions of IL-1
and IL-6 in the neuroendocrine–immune network include stimulation of the
sympathetic nervous system, the febrile response, modulation of sleep, mood
and the immune and inflammatory responses; inhibition of growth and the 
hypothalamic-pituitary–gonadal (HPG) and hypothalamic–pituitary–thyroid
(HPT) axes, and suppression of appetite and libido. Elevated serum IL-1 is
thought to be characteristic of severe injury or stress, whereas elevated IL-6 is
considered to be a marker of mild to moderate injury. There now is evidence
that psychological stressors (which affect the CNS) and physical stressors
(which affect the immune and inflammatory systems) also can perturb
neuroendocrine–immune interactions; it is speculated that such stressors also
may modulate the course of development of AD. The reader is referred to
comprehensive review articles in which details of neuroendocrine–immune
system interactions are provided (48,90,409,412). A diagram showing how
the neuroendocrine and immune systems may communicate in the APR is
given in Fig. 2.
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Dementia, Aging, and the Stress Control System

Elevated plasma levels of cortisol have been found in moderate to severe
AD (65,75,132,234,283,313). Orell and O’Dwyer (283) have explained that
this may be initiated by excessive cytokine production by injured brain cells
which trigger release of corticotropin releasing factor (CRF) from the hypo-
thalamus. CRF stimulates corticotropin release from the pituitary which in
turn stimulates glucocorticoid release from the adrenal glands. The activity of
this loop is, in part, regulated by the binding of glucocorticosteroid to corti-
costeroid receptors in the hippocampus. In animals, aging is acompanied by
an impairment in the ability of the hippocampus to inhibit corticotropin re-
lease, and is accompanied by a sustained high concentration of steroid pro-
duction. In persons with AD, there is a delay in the decline of corticotropin
concentration after challenge with dexamethasone. It is thought that the ex-
cessive and/or prolonged cortisol secretion in AD may result in the persistent
downregulation of corticosteroid receptors in the hippocampus, which lead to
further increases in corticosteroid concentration. Raised corticosteroids also
may indirectly be toxic to neurons and lead to their destruction by leading to
raised levels of excitatory amino acids (asparatate and glutamate) and to dis-
ruption of calcium homeostasis (excessive calcium is toxic to neurons). Very
recent evidence suggests that corticocoids also decrease cytochrome c oxidase
activity by a process that does not involve Ca2� fluxes (355). It is possible that
AD might be an extreme variant of the normal aging process, and that contin-
ued injury of brain cells (due to a combination of genetic and/or environmen-
tal factors and long-standing metabolic perturbations) continues to drive the
excessive production of cortisol which, in turn, further damages the hip-
pocampus. (For further details see ref. 283.)

Enhanced levels of cortisol have been found in major depression as well as
in AD. However, after low-dose adrenocorticotropin stimulation, increased
cortisol release was found to be characteristic of major depression but not AD.
By contrast, an enhanced release of androgens after low-dose adrenocorti-
cotropin stimulation has been found in patients with mild to moderate AD, but
not in persons with depression (313).

Decreased Blood Flow to the Brain

Recently, attention has been turning to the possibility that AD is primarily
vascular in nature and results, at least in part, from reduced blood flow to the
brain (315). The reason for this is that clinical recovery of intellectual func-
tion in AD has been demonstrated after transposition of omentum from the
peritoneal cavity to the affected brain (116). This surgical procedure resulted
in the apparent disappearance of amyloid plaque and enhanced vasculariza-
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tion of the affected brain region. Increased perfusion was seen of the ipsilat-
eral and contralateral hemispheres adjacent to the transposed omentum.
Reduced blood flow to the brain would result in a deficiency of oxygen, es-
sential nutrients, and thyroxine, which regulates the metabolic rate of cells
and which is essential for normal intellectual function. Thyroxine is thought
to be transported from the blood stream to the CSF via transthyretin, which
has been synthesized by the choroid plexus. Accordingly, it has been proposed
that one of the physiological consequences of reduced blood flow to the brain
would be a selective deficiency of thyroxine in the CNS. The observations that
levels of transthyretin in the choroid plexus are much higher than normal in
the AD brain support this hypothesis (315). Brain imaging studies are now in-
vestigating the hypothesis that blood flow to the brain is reduced in AD. The
literature suggests that this may be the case in late-onset AD but not in early-
onset AD. Furthermore, there have been reports of orthostatic hypotension
and low blood pressure in persons with AD (125,289,354,404). It may be rel-
evant that different regions of A� are reported to have different effects on
vasoconstriction, although findings in this area are controversial (54,187,386).

de la Torre (73) and Crawford (54) have summarized evidence that many
risk factors for AD have a relationship or potential relationship with reduced
cerebral blood flow.

Current Approaches for the Earlier Detection
of Alzheimer’s Disease

Overview

Many genetic and biological abnormalities are associated with AD. The
challege is to choose the markers which alone or in combination best predict
the development of AD, or which best indicate the presence of AD at the ear-
liest possible stage. The authors’ conception of pathogenesis of AD is given in
Figure 1. Figure 2 depicts the bidirectional interactions thought to occur be-
tween the neuroendocrine and immune systems during the acute phase re-
sponse. Tables 2–10 summarize peripheral biological markers that have been
reported to be associated with AD since 1993. Sensitivities and specificities
have been provided in the present chapter only for markers that have been
well-researched and confirmed. Studies carried out before 1993 are summa-
rized in Ref. 294. The reader also is referred to other reviews of peripheral
markers of Alzheimer disease that have appeared recently (15,18,25,26,76,
102,106,109,118,120,123a,139,149,185,190,202,221,241,244,321,398).

In this section we describe some peripheral biomarkers presently under in-
vestigation, and discuss their potential for the earlier detection of AD and their
relation to the Alzheimer pathogenic pathway. 
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Genetic and Other Approaches in Combination

Introduction

The use of genetic and/or environmental risk factor information in com-
bination with sensitive tests that monitor changes in the sensory systems
and brain morphology and/or function is one approach that is being ex-
plored for direct and earlier AD diagnosis. In this section we explain how
one genetic risk factor (the ApoE 4 allele) is being used in combination
with other clinical information to increase the specificity of probable AD
diagnosis. There now is evidence that persons with different ApoE geno-
types react differently to certain Alzheimer drugs (95,317). One problem

Fig. 1. Possible interactions between degenerating brain and peripheral tissues in
Alzheimer disease. IL, interleukin; �-1 ACT, �-1 antichymotrypsin; �, tau.
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with using ApoE genotyping as a diagnostic adjunct is that the effects of
the ApoE 4 allele are not the same in different ethnic groups (181).
Furthermore, there now is evidence for a nonrandom association between
the ApoE and ACT loci in women which may have an important implica-
tion for the higher prevalence of AD in women (175). Roses (326) has ex-
plained how more than one genetic risk factor (possibly in combination
with environmental risk factors) and clinical tests might be used to classify
participants in clinical trials into subgroups so that effects of drugs and
treatments on persons with AD of different etiological origin can be exam-
ined. Tables 2 to 4 summarize published information about genetic and en-
vironmental risk factors for AD.

Fig. 2. Possible involvement of the neuroendocrine and immune systems in acute
phase reaction in Alzheimer disease. CRF, corticotropin-releasing factor; 5-HT, sera-
tonin; ACTH, adrenocorticotropin; NK, natured killer. (After ref. 48.)
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Nuclear Genetic Information

Genetic risk factors for AD may be nuclear (encoded on chromosomes in
the nucleus) and/or mitochondrial. The nuclear genome is inherited from both
parents whereas the mitochondral genome is inherited solely from the mother.
In a small number of families (probably less than 50 worldwide), a variety of
APP and PS-1 mutations have been found to be genetically linked to early
onset familial AD (55). Because their penetrance for AD is thought to be about
95%, these are being used as diagnostic aids in families in which they are
present (331). PS-2 mutations also have been found in association with famil-
ial AD; however, these are rare and variably penetrant (351). As indicated in
Table 2, there are a considerable number of other genetic variants and muta-
tions which are “associated” with AD and/or modify the risk of acquiring AD.

The ApoE 4 allele appears to be a major genetic risk factor for AD in the
general population. It is a risk factor for heart disease and for certain other
neurological diseases. It also may affect survival. The frequency of ApoE 4
varies considerably from one population to another. A reading of the literature
indicates that one E4 allele is carried by 16% to 30% of the population (135).
Two E4 alleles are carried by approximately 2% of the population. The ApoE
4 allele increases the risk for AD in a dose-dependent manner; persons with
two E4 alleles tend to have an earlier age of onset of AD than those with one
E4 (e.g., see ref. 326). In persons with no symptoms of AD, identification of
the ApoE 4 allele on its own is not a useful predictor of AD. However, longi-
tudinal studies involving clinical diagnosis and brain autopsy suggest that
ApoE genotyping increases the accuracy of a clinical diagnosis of probable
AD (244,326,327,333). In one study, all patients with probable AD who had
at least one ApoE 4 allele were found at autopsy to have AD pathology (333).
In an ongoing longitudinal study which is monitoring changes in two cogni-
tive domains that appear to be affected earliest in AD (memory and executive
function ability) in persons with questionable AD, a preliminary analysis of the

Table 4
Factors That Might Ameliorate Alzheimer Disease

Factors Reference

Anti-oxidants (vitamin E, seligiline, estrogen) 3
Histamine H2-blocking drugs 38
Non-steroidal anti-inflammatory drugs (e.g., aspirin or ibuprofen) 249

and/or arthritis 247, 248
Education (risk of AD decreases 17% for each year of education) 93
Benzodiazepines 96
Increased blood flow to the brain 315
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data has indicated that knowledge of the ApoE 4 status adds significant pre-
dictive power that an individual will ultimately develop clinical symptoms of
probable AD (4). High-exposure boxers with one or more ApoE 4 alleles ap-
pear to be at greater risk for developing more severe chronic brain injury than
persons with other ApoE genotypes (170), although head injury has not al-
ways been found to be a risk factor for AD (275). The inclusion of ApoE geno-
type data did not improve the preclinical prediction of AD by single photon
emission tomography (SPECT) (168).

Other evidence that ApoE genotyping might have potential for very early
predictive testing for AD comes from positron emission tomography (PET)
scanning studies. PET scanning has detected “abnormalities” in brain glu-
cose utilization in ApoE 4 positive individuals two decades before classical
signs of dementia usually manifest. It is believed that these differences re-
flect a preclinical stage of AD rather than genetic differences in brain glucose
utilization (361,362). Longitudinal studies must now be done to determine
the predictive power of such PET tests in conjunction with ApoE genotyping
for AD. Since different ligands might be developed for use with PET, the po-
tential of this technology for preclinical diagnosis in conjunction with ApoE
genotyping in a variety of degenerative brain disorders seems enormous. 

Mitochondrial DNA Mutations

The activity of the enzyme complex cytochrome c oxidase (CO) has been
found to be decreased in brain and in peripheral tissues in late onset AD
(44,67) but why is not known. Initially, it was thought that this phenomenon
was the effect of CO1 and CO2 missense mutations in the mitochondrial
genome, but this is no longer believed to be the case (66,401). Nevertheless,
there have been reports of mitochondrial DNA deletions and mutations in
Alzheimer brain tissue (51,147,380,400). A reduction in another mitochon-
drial marker—�-ketoglutarate dehydrogenase activity—has been found in fi-
broblasts from persons with familial AD (334), but why is not known.

A recent hypothesis by de Grey (69) raises the possibility that mutations as-
sociated with low rates of oxidative phosphorylation might accumulate in af-
fected brain tissue (and in other tissues as well) in AD. Free radicals are
produced normally during oxidative phosphorylation; their rate of production
varies with the rate of oxidative phosphorylation. If the free radicals are not neu-
tralized, they can sequester electrons from DNA, protein, and lipids. Damage to
DNA may result in some mutations associated with a low rate of oxidative phos-
phorylation. It is believed that when lipid damage in mitochondrial membranes
reaches a certain level, the damaged mitochondria are engulfed and destroyed
by lysosomes. It follows that the most slowly respiring mitochondria which in-
flict less damage to themselves, including those generated by somatic mutation,
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will preferentially survive, replicate, and accumulate over time. This aging
process could be exacerbated by oxidative stresses external to the mitochondria
that are thought to drive the pathogenesis of AD. Cells transformed by mito-
chondria from individuals with sporadic AD have been found to have altered
Ca2� homeostasis and increased reactive oxygen species production (348). It is
suggested that such mitochondria have excessive membrane damage caused by
increased oxidative stress in the mitochondria donors. 

Cerebrospinal Fluid Tests for Alzheimer Disease

Introduction

Three different biomarkers in CSF have been particularly well researched:
neuronal thread protein, tau, and derivatives of APP (Table 5). Although these
markers are distinguishing between persons with probable AD and healthy
normal individuals, it remains to be determined if they have are sensitive and
specific enough to aid with the earlier detection of AD. 

Neuronal Thread Protein Test

NYMOX has developed a quantitative test for measuring levels of a specific
type of neuronal thread protein (AD7c-NTP) in small samples of CSF (70–72).
This protein is overexpressed in brain neurons in AD. The promotional material
of NYMOX indicates that in 80–90% of autopsy-verified cases of AD, the level
of this protein exceeds a designated cut-off level, while less than 5% of control
values exceed this level. This test is being advertised as the “first test proven to
help physicians be certain in the diagnosis of Alzheimer’s disease . . . now you
can rule it out.” Because interpathologist agreement for the diagnosis of AD by
brain autopsy is about 85%, it has been suggested that the CSF test might be used
as a “gold standard” against which other antemortem tests for AD are compared
instead of brain autopsy. The 1992 publication had some important limitations.
Around 70% of clinical patients with probable AD were reported to have AD7c-
NTP levels >3 ng/mL in contrast to less than 5% of normal control individuals;
however, the mean age of the AD patients was 76 years whereas the mean age of
the normal controls was 54.5. The most recent publication of de la Monte and
coworkers (72) is better controlled. CSF obtained in postmortem cases suggests
that 84% of autopsied, confirmed AD cases have levels above 3 ng/mL, in con-
trast to only 5% of autopsied normal individuals. Only 19 normal control indi-
viduals were studied, however. In terms of cutoffs for the “living” sample, 62%
of possible or probable AD patients, 0% of normal controls, 2% of multiple scle-
rosis patients (nonneurodegenerative disease controls), and 16% of Parkinson
disease patients (neurodegenerative disease controls) exceeded levels of 



Table 5
Well-Researched Cerebrospinal Fluid Markers in Patients With Probable Alzheimer Disease

Test Accuracy Reference

A� 1–40 Not useful 353
A� 1–42(43) Levels significantly decreased in probable AD; considerable

overlap with healthy normals
CSF � SP: 0.94*

ST: 0.31*
A� ratio SP: 0.82*
(A� 1–40/A� 1–42(43)) ST: 0.51*
CSF � � A� ratio SP: 0.82*‡

ST: 0.58*‡
CSF � � A� deviation score index† SP: 0.86*

ST: 0.67*
CSF � � A� ratio SP: 0.88*

ST: 0.69*
A� 1–42 � CSF � SP: 0.81–0.91* 146a

ST: 0.85*
Neuronal thread protein Levels in postmortem CSF of 84% of autopsy-verified AD patients and 72
ADC7c-NTP 5% of autopsied healthy normal individuals exceeded 3 ng/ml. 

Levels in "living" CSF of 62% of possible or probable AD patients,
0% of normal controls, 2% of multiple sclerosis patients, and 16%
of Parkison disease patients exceeded 3 ng/ml

Levels in "living" CSF of  89% of possible/probable AD patients
and 11% of normal controls exceeded 2 ng/ml.

*The specificity (SP) and sensitivity (ST) is given for living patients with probable AD relative to a healthy control group. 
† The deviation score index � (deviation score of tau level + deviation score of A� ratio)/2. The deviation score in individuals � 10 (x� mean)/

standard deviation � 50.
‡ SP is 0.83 and ST is 0.71 in Kanai’s study (ref. 177).
Additional references for CSF A� derivatives as markers: 6, 203, 269, 277, 308, 376. Additional references for CSF tau as a marker: 12, 14, 15,

106, 158, 202, 219, 318, 381, 395
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3 ng/mL, while 89% of possible/probable AD patients and 11% of normal con-
trols had levels >2 ng/mL. Here again, only 18 normal controls were studied. 

In summary, the apparent potential of the AD7c-NTP test as a biomarker for
probable AD is considered by some researchers to be impressive.
Furthermore, the assay appears to be technically reliable. However, the cur-
rent claim made by NYMOX in their advertising to the medical community
that the test can be used to rule out AD is not supported since examples of
AD7c-NTP negative, AD positive cases were described in the 1997 publica-
tion. The authors state that low levels of AD7c-NTP in CSF of such patients
could reflect either very early disesase or severe end-stage disease. Another
possibility for the false negatives not mentioned by the authors is instability
of AD7c-NTP in CSF due to long-term storage in the freezer, since some of
the samples date back to 1979. Furthermore, as indicated above, the test is not
specific for AD. The 1997 study clarifies that the size of AD7c-NTP in CSF
is 41 kD rather than 21 kD as originally inferred. Evidence is presented that
the AD7c-NTP cDNA is a novel gene that encodes a membrane spanning pro-
tein. The presence of particular sequences in the promoter region of the AD7c-
NTP gene suggests that it may be involved in cell growth and possibly
modified by growth factors or insulin stimulation. Transfection of neuronal
cells in vitro results in neuritic growth as well as decreased cell viability.

Tau

Quite a number of studies have evaluated measures of CSF tau as an ante-
mortem marker for AD. In most of these, total tau was measured, although as-
says for phosphorylated tau alone, or an internal repeat sequence of tau called
the “core” antigen, have been used. Tau assays show promise in distinguish-
ing persons with probable AD from healthy normal individuals. The reported
sensitivity of CSF tau for AD detection (relative to healthy normal individu-
als) is 60–95% (see Table 5). High CSF levels of tau are not specific for AD
and also have been found in non-AD dementias, other neurological control
subjects, most patients with vascular dementia, and in large, acute stroke
(14,15,158,360). A strong ApoE 4 effect has been noted on CSF tau levels in
some studies indicating that in the interpretation of CSF tau analysis, ApoE
genotype should be taken into account (14,381).

Published tau studies are characterized by unusually large interlaboratory
differences in CSF concentrations. Potential sources of variability include the
use of different types of tau preparations as standards, possible problems in re-
producibility that plague many enzyme-linked immunoabsorbent assays, and
different inclusion/exclusion criteria for the study participants. Other compli-
cating factors appear to include a complex dependence of CSF tau levels on
subject age, AD type and stage; there is evidence that tau is maximally elevated
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in early AD (318). Finally, compared to brain tau, CSF tau has been shown to
be proteolytically degraded; not clear is whether this process is physiological
or an artifact of degradation in vitro (184). It should be pointed out that correl-
ative CSF-neuropathological studies of phosphorylated tau will be difficult,
since agonal state and postmortem interval profoundly affect the phosphoryla-
tion state of tau in brain. A recent study has documented huge postmortem ef-
fects on tau levels in postmortem CSF, rendering tau studies on such samples
questionable (266). Despite the preceding caveats, the potential of CSF tau as-
says in earlier AD testing should be further investigated. Structural studies of
tau suggest that there should be six different phosphorylated forms of tau in
brain which may be differentially expressed and represented in CSF as AD de-
velops. As indicated in Table 3 and below, measures of CSF tau in combination
with measure of A� and/or other CSF substances appear to have better speci-
ficity for probable AD than any biomarker on its own.

Amyloid Precursor Protein and A Beta Peptides

Enzyme-linked immunoabsorbent (ELISA) and enzyme-linked sandwich-
immunoabsorbent assays (ELSIA) have been established which distinguish
between the major form of A� ending at amino acid 40 (A� 1– 40) and the
more amyloidogenic form ending at amino acid 42 or 43 [A� 1– 42(43)]
(163,256). Measurements of total A� in CSF by these methods are thought not
to be useful for the earlier detection of AD. However, measurements of spe-
cific A� derivatives presently are under investigation. A number of groups
have reported that use of the ratio of A� 1– 40 to A� 1– 42(3) or measures of
A� 1–42 in combination with tau results in a higher sensitivity and specificity
of diagnosing probable AD than either test on their own (Table 5). Because
AD cases with mild-to-moderate dementia have increased CSF A� 1–42 rel-
ative to controls (146a,202,335), this latter approach may not be useful for the
early detection of AD.

One of the metabolic pathways of APP involves the generation of soluble
APP by �-secretase through amide bond cleavage at position 15/17 of A�,
generating �-secretase derived soluble APP (SAPP-�). Preliminary studies
suggest that SAPP-� may be a relevant marker for cognition in both AD and
in healthy aging (202,335), although probably not diagnostic or predictive of
AD.

van Leeuwen et al. (394) recently described variant APP and ubiquitin-B
proteins in the cerebral cortex of AD and DS patients which had (�1)
frameshift mutations in their carboxyl terminus. These (�1) proteins were not
found in young controls. Whether measurements of levels of such proteins in
CSF or plasma might be useful in the earlier detection of AD should be in-
vestigated.
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Factors complicating the measurements of APP derivatives in CSF include
extreme instability to multiple freeze-thaw cycles, and low levels in CSF.
There is evidence that soluble A� in normal human plasma and CSF is com-
plexed to high density lipoprotein (194). The data of Matsubara and cowork-
ers (236) indicate that soluble A� complexes stoichiometrially to
apolipoprotein J. These observations might explain the instability of APP de-
rivatives in plasma and CSF to freeze-thawing. Plasma should be harvested
from blood at room temperature in order to keep lipid-A� complexes solubi-
lized. Furthermore, frozen samples of plasma or CSF should be warmed to
room temperature and care taken to solubilize the lipid before analyses are un-
dertaken. See Olson (281) for a review of lipoprotein metabolism.

Pitschke and colleagues (308) recently reported that fluorescence correla-
tion spectroscopy can detect single amyloid aggregates in CSF. Aggregates
were found in samples from 15 patients with AD and from one with cerebral
amyloid angiopathy, but not in 19 normal individuals. Not known is how early
in AD such aggregates appear, or if the test can distinguish between AD and
related disorders.

Other CSF Tests

As indicated in Table 6, a wide spectrum of aberrations other than neuronal
thread protein, tau and A� have been noted in CSF in AD. Several additional
CSF biomarkers that appear worthy of further exploration include: CSF au-
toantibodies to microglia and other brain constituents, increased pyruvate and
cleavage of high molecular weight kininogen. Blennow and Vanmechelen (26)
have proposed that a battery of different CSF markers should be used in com-
bination to increase the specificity of CSF testing for AD. 

Blood Tests

Introduction

Blood based tests for AD would be preferable to CSF-based tests for the sake
of patient comfort. Serum or plasma based tests would be more convenient than
red cell, platelet or white-cell based tests because serum/plasma can be easily
prepared and readily stored. A list of abnormalities that are not immunological in
nature and that have been identified in blood of AD patients is given in Table 7.

Serum P97 (Melanotransferrin)

A promising peripheral blood marker for AD involves measuring serum
levels of a novel iron and zinc-binding protein called P97 or melanotransfer-
rin (186). The levels of P97 in serum refrigerated for 24 hours were reported
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to be elevated in all AD patients compared to levels in frozen serum from
healthy control individuals. (P97 levels also were elevated in AD CSF.) In a
longitudinal study, serum levels of P97 increased with AD progression over a
2- to 3-year period and correlated significantly with scores of cognitive func-
tion, suggesting that it might be an early marker for AD or used as an endpoint
in clinical intervention protocols. As yet, there have been no published follow-
up reports by the authors of this first report or by others of P97 as an early
marker of AD.

One possible concern with this published study is that the serum samples
from the AD patients and normal individuals were not prepared under the
same conditions. Samples from the patients were analyzed without freezing;
samples from the normal individuals had been frozen. Moreover, the authors
did not provide details about how the serum samples were prepared from the
blood samples. In particular, they did not indicate whether the clotted blood
samples were refrigerated before recovering the serum, a factor which is
known to leach material from blood cells. In any case/control study it is im-
perative that data on cases and controls be obtained in exactly the same way.
Furthermore, sufficient technical detail should be provided so that the study
can be replicated. There is no published information about interassay, inter-
person, or intraperson variability in the P97 test, or if P97 values also are el-
evated in neurological and non-neurological controls. Comments about the
sensitivity and specificity of P97 for the earlier detection of AD thus are pre-
mature, although in the published study the sensitivity was 1.0!

How serum P97 is related to the AD pathogenic pathway is not clear. P97 is
believed to have one iron-binding site and one zinc-binding site (108) and is
thought to be involved in a pathway for iron uptake into cells that is indepen-
dent of the transferrin receptor (186). P97 occurs both in circulating and cell-
bound forms. In the AD brain, P97 is highly localized to capillary endothelium
(along with the transferrin receptor) and it also is present in a subset of reac-
tive microglia associated with senile plaques. Aside from these facts, and the
observation that iron levels are increased in degenerating areas of the AD brain
(304), there is no direct rationale for measuring P97 levels in serum.

It is speculated that P97 may play an important role in maintaining iron and
zinc homeostasis in the acute phase response and in chronic inflammatory
states including AD. There would be an advantage to keeping the circulating
levels of these elements low in these conditions, but nevertheless bioavailable.
High levels of free iron and zinc which have been documented in the AD brain
(50) could catalyze the production of hydroxyl radicals from reactive oxygen
species which are increased in inflammatory processes and lead to unsched-
uled “bystander” oxidation. 
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Table 6
Other Cerebrospinal Fluid Abnormalities in Alzheimer Disease

Abnormality Reference

Autopsy brain localization of immune antigens
IL-6, �2-macroglobulin, C-reactive protein CD4, CD8, LA, 214, 358,

IL-1, IL2-R, TNF, HLA-DR, complement proteins, S100, serum 415
amyloid A and P

Cerebrospinal fluid volumes
Increased in EOAD and LOAD; greater increase in EOAD 374

Acute phase reaction/neuroendocrine-immune markers
Ferritin: increased compared to Parkinson's patients and controls 195
�1-ACT: closely associated with late onset AD 130
�1-ACT: elevated in early and late onset AD but not vascular 215, 216

dementia; levels correlate negatively with stage of severity of AD
IL-1�: increased in sporadic AD and in de novo Parkinson’s patients 28
IL-6: significantly decreased in early onset AD; increased in sporadic 417

AD and in de novo Parkinson's patients; increased in AD, AIDS 28
dementia complex, multiple sclerosis, systemic lupus erythymatosis, 124
CNS trauma, viral and bacterial meningitis

IL-6: no change in first degree relatives and patients with AD 129
Antibodies to:

*Microglia 252
*Variety of substances (should be further studied with reference 382

to subgrouping and prognosis)
Amino acids 

D-Amino acids: increased in AD 101
Methionine and alanine: significantly increased 263
CSF/serum ratios for alanine and glycine: significantly increased
Significant negative correlations between MMSE score and

alanine, urea, arginine and alpha-amino butyric acid
Amino acids: high glycine, low GABA in pooled AD CSF 226

(done by microcapillary electrophoresis)
Other substates

*Pyruvate: remarkably increased in DAT 287
*Indicators of mitochondrial function—lactate: significantly increased 314

succinate, fumarate and glutamine: significantly decreased
Neurotransmitters and  their metabolites

Nitrate levels: decreased in AD, Parkinson’s and multiple systems 196
atrophy patients

Neuropeptide changes in dementia are controversial 391
Somatostatin-like immunoreactivity: significant negative correlation 260

with severity of dementia
Norepinephrine: decreased substantially; 89
Epinephrine, dopamine: decreased moderately 89
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Table 6 (continued)

Abnormality Reference

Serotonin: decreased 89
Norepinephrine:increased in earlier AD and continues to increase 88

as AD progresses
Correlations between P300 components and various neurotransmitters 264
3-methoxy-4-hydroxy-phenylglycol (MHPG): higher in DAT and 349

inversely correlated with cognitive function, but not significantly
Lipids

ApoE: no difference 209
ApoE: increased 219, 257,

329
Ventricular fluid lipoprotein composition altered in autopsy samples 265
Longitudinal values of ApoE: decreased in AD patients with an 307

ApoE4 allele; stayed the same in AD patients without an ApoE4 allele
Proteins

APP derivatives
Tau See text and Table 4
Neuronal thread protein
Acid phosphatase: 40% of AD samples but 0% of controls were positive 282
Ubiquitin: increased 158
Cathepsin D: increased levels of inactive enzyme in AD versus 338

Huntington patients and other degenerative diseases
Chromogranin A: no difference or lower levels in AD patients, 279, 27

mean age 60 years
Synaptotagmin: decreased 61
Transthyretin: lower in late onset AD 342
*Massive cleavage of high molecular weight kininogen 22

(suggests activation of the contact system due to interaction
of �-amyloid with factor XII with kallikrein generation)

Alanyl-amino peptidase: decreased 159
Mannan-binding lectin: decreased 204

Vitamins
Vitamin E: reduced 167

Markers of oxidative stress
Hydroxynonenol in ventricular fluid: increased in AD 223
Superoxide dismutase activity: decreased in total dementia, DAT, 68

and non-DAT dementia groups

�1-ACT, �1-antichymotrypsin; DAT, dementia of the Alzheimer type; EOAD, early onset
Alzheimer disease; GABA, 
-amino butyric acid; IL, interleukin; LOAD, late onset Alzheimer dis-
ease; TNF, tumor necrosis factor. Abnormalities denoted with an asterisk are striking and merit fur-
ther investigation.
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Table 7
Nonimmunological Serum/Plasma Abnormalities in Alzheimer’s Disease

Abnormality Reference

Amino acids and metabolites
Taurine and glutamate: increased 19
*Cysteine to sulfate ratios: increased in patients with motor 134

neuron disease, Parkinson’s disease, and AD
*Glutamate and metabolites: altered levels distinguish 262

patients with AD from normals and others with dementia
Basal plasma 3-methoxy-4-hydroxyphenylglycol (MHPG): 207

inverse relation with cognitive function in AD
Fasting plasma ornithine and arginine: increased 311
Total serum homocysteine: increased in SDAT; independent of 169, 246

nutritional status
Abnormal amino acid metabolism in early stage probable AD 97

(decreased plasma tryptophan and methionine; increased plasma
tyrosine/large neutral amino acid ratio; increased plasma taurine/
methionine serine ratio)

Enzymes/Proteins
APP in plasma: decreased in most sporadic AD 233
Sialyl transferase: decreased 227
Urokinase-type plasminogen activity in euglobulin fraction: 8

increased in severe AD
Hemostasis abnormalities in vascular dementia and AD 229

(e.g., high von Willebrand factor, activated factor VIII)
Glutamyl aminopeptidase activity: decreased in sporadic AD 193

Neuroendocrine markers
Plasma cortisol: increased in moderate and severe AD 64, 234, 2, 132
*Abnormalities in adrenal androgens, but not of 272

glucocorticoids in early AD
Blunted adrenocorticotropin and increased adrenal 273

steroid response to human CRH
Dehydroepiandrosterone (DHEA) and DHEA-sulfate/DHEA 419

ratio decreased in patients with AD and cerebrovascular dementia
Total 7 �-hydroxydehydroepiandrosterone: increased 16

Fat metabolism
Serum apolipoprotein AI and AII: low in AD 199
Plasma ApoE: increased in AD 375
High density lipid (HDL) phospholipid and HDL cholesterol 52

have decreased concentrations of arachadonic acid
Vitamin status

Vitamin B12: frequently low in dementia 41, 259, 383
Vitamin B12 and folate: low in AD; 46
Total homocysteine: increased in AD 46
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Other Serum and Plasma Markers

Attention is drawn to several other plasma/serum tests with possible bio-
marker potential. In one study, early morning plasma cysteine to sulfate ratios
were reported to be 4- to 5-fold elevated in patients with motor neuron dis-
ease, Parkinson’s disease, and AD (85,134). Although this phenomenon has
been interpreted to be a “defect” in endogenous sulfur metabolism, it may be
indicative of upregulated antioxidant defenses in these conditions, since cys-
teine is a reducing agent and sulfate is an oxidizing agent. In another study,
plasma concentrations of glutamate dehydrogenase, aspartate, glutamate, and
�-ketoglutarate were found to be significantly elevated in institutionalized
persons with previously diagnosed AD compared to people with non-AD de-
mentia. Discriminant analysis based on these four significantly different com-
pounds was suggested as the basis for a plasma screening test for AD (262).
Recently, serum levels of ceruloplasmin oxidative activity were found to be
strikingly low in AD (367).

Red Cell Markers

A number of different approaches have revealed that red blood cells are
modified in AD patients (Table 8). For example, Prasher (310) has suggested
that increases in the volume of red cells might be used as an indicator of AD
in Down syndrome. Kay and Goodman (182) have described various phe-

Table 7 (continued)

Abnormality Reference

Markers of oxidative status
Glutathione peroxidase activity and selenium: increased 43
Mn-SOD level: significantly decreased 388
Total radical-trapping antioxidant activity of plasma:

significantly decreased in AD 74
Mineral metabolism

Plasma levels of: aluminum, mercury, cadmium, selenium: increased; 20
iron and manganese: decreased

Serum aluminum levels: increased in probable AD relative to other 422
senile dementias and age-matched controls

Aluminum absorption: increased from normal dietary intake 320
*p97(melanotransferrin): increased in AD 186; see text
*Ceruloplasmin oxidative activity: strikingly decreased 367

ApoE, apolipoprotein E; APP, amyloid precursor protein; CRH, corticotropin releasing hor-
mone; Mn-SOD, manganese-containing superoxide dismutase (mitochondrial); PD, Parkinson's
disease.

*These abnormalities are striking and merit further investigation.



226 Percy, Andrews, and Potter

Table 8
Reported Abnormalities in Different Cells and Tissues Other Than White Blood
Cells in Alzheimer Disease

Cell or Tissue Type Reference

Blood
Advanced glycation end-products: trends to lower values 387
Increased blood mercury levels: correlate with levels of A� in CSF 140

Platelets
Enzymes

Altered antimycin A-insensitive NADH-cytochrome c reductase 424
Monoamine oxidase B activity: increased in LOAD; correlates 286
with emotional deterioration

Increased specific activity of monoamine oxidase in demented 32
patients; positive correlation with dementia severity in Parkinsonian
and demented patients

Increased phenolsulfotransferase activity; correlation between 29
enzyme activity and disease severity

Function
Smooth endoplasmic reticulum structure (proliferation) and function 127
(calcium homeostasis) is abnormal

Hyperacidification and aberrant granule secretion in response to 62
thrombin in males with severe AD

Decreased serotonin uptake with altered kinetics 157
(decreased Km and Vmax)

Decreased serotonin 345
Decreased binding of platelet activating factor in AD 137
and MID patients

Increased membrane fluidity 425
Decreased Bmax for benzodiazepine binding 31
Platelet activation differences: in moderate and advanced AD 63, 64
Increased unstimulated activation 345

Amyloid  related-phenomena
Abnormal pattern of platelet APP isoforms in AD: ratio between 78
intensity of the 130 kDa and 106-110 kDa isoforms is significantly
lower in AD than in controls and non-AD dementia patients; 
significant correlation of isoform ratio with severity of disease

Altered amyloid protein processing 325
Red Blood Cells

Oxidative processes
Cu/Zn SOD and catalase: increased in DAT 305
Cu/Zn SOD: increased in some AD patients and first degree 343
relatives; complex dependence on age

Hydroxyl radicals: increased in DAT and VAD 154
Cu/Zn SOD activity and specific activity: significantly decreased
in DAT and VAD

Cu/Zn SOD activity: increased 74
MnSOD mRNA levels: increased
Antioxidant status: decreased
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Table 8 (continued)

Cell or Tissue Type Reference

Cu/Zn SOD activity significantly decreased 367
Enzymes

Butyrylcholinesterase activity: reduced in sporadic AD 156
Increased transketolase activity coefficient; increased affinity of 86
transketolase for thiamine pyrophosphate

Decreased methionine adenosyl transferase activity 117
Structural changes

Decreased membrane fluidity or no change 127
Structural changes in anion transporter protein band-3 35, 182
Increased electrophoretic mobility 403
Disruption of phospholipid asymmetry and increased  turnover 403
Increase in mean cell volume 310
Altered membrane properties (see text) 330

Skin fibroblasts
Enzymes

40 kDa form of interferon-inducible (2�,5) oligoadenylate 188
synthetase and its mRNA: absent

Cu/Zn protein and mRNA levels: increased in EOAD; 390
decreased in LOAD

Deficient �-ketoglutarate dehydrogenase complex 49
activity, but normal glutamate metabolism

Calcium and potassium-related abnormalities
Calcium uptake by mitochondria: decreased; mitochondrial 198
sensitivity to free radicals increased

Altered internal Ca2� mobilization 160
At least one calcium compartment is abnormal 114
Potassium channel abnormalities 91, 92
Potassium channel abnormalities not a useful screening test 240
Calcium homeostasis and autofluorescence: abnormal 47

Altered signal transduction
Memory-associated GTP-binding protein Cp20: decreased 189
Changes in transduction systems and APP metabolism 118
High molecular weight Gs � isoform of G protein subunit: 347
decreased in a subset of FAD patients

Reduced levels of protein kinase C� 21
Other

Glucose and glutamine oxidation: altered 368
Fluorescent light-induced chromatid breaks: increased in AD 288
and in first-degree relatives

Urine
Truncated nerve growth factor receptor: increased in 220
mildly-demented AD patients

Trypsin inhibitors: increased 370
Neuronal thread protein: increased 111a

Skin
Impaired skin vessel reactivity to acetylcholine 5

DAT, dementia of the Alzheimer type; GTP, guanosine triphosphate; Cu/Zn SOD, copper/zinc
containing red cell superoxide dismutase; MnSOD, manganese-containing superoxide dismutase
of mitochondria; VAD, vascular dementia.
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nomena associated with anion transport band 3 in red cells of AD patients that
parallel those observed in the AD brain. Furthermore, serum autoantibodies to
band 3 peptides are increased in AD patients. Sabolovic and colleagues (330)
have reported that red cells from AD patients can be effectively distinguished
from those of age- and gender-matched nondemented patients on the basis of
a combination of several different physicochemical properties using logistic
analysis. Parameters used in the logistic analysis included measures of an-
nexin V-binding, glycerol resistance, and cell rigidity as demonstrated by their
filterability. This approach allowed the assignment of 95% of the AD patients
to the correct group. The high annexin binding suggests that AD cells have a
disruption of the phospholipid asymmetry; the high glycerol resistance and
low rigidity are characteristic of young red blood cells, suggesting that their
turnover is enhanced in AD. Whether such tests will have potential for the ear-
lier detection of AD is not known. Red cell-based tests would not be as con-
venient as serum or plasma-based tests for direct AD diagnosis.

Platelet Membrane Fluidity and Other 
Platelet Tests

Numerous AD-associated phenomena have been described in platelets (Table
8). An increase in the fluidity of platelet membranes in persons with early-onset
and late-onset AD using fluorescence spectroscopy has been most extensively
studied, and furthermore has been evaluated in a longitudinal study (427). To
study platelet membrane fluidity, purified platelets obtained from fasting blood
samples are collected in the morning in a plastic syringe containing EDTA as an
anticoagulant and a protease inhibitor are labeled with the lipid probe 1,6-
diphenyl-1,3,5-hexatriene (DPH), and the steady-state anisotropy of the DPH
labeled membranes is determined at 37�C. An increase in platelet membrane
fluidity is reflected by a decrease in the steady-state anisotropy of the labeled
membranes. In 1987, 71% of patients were reported to have lower anisotropy
values than 8% of the controls. The alteration in platelet fluidity parallels clini-
cal severity as measured by the Mini-Mental State Exam (MMSE) Score, but
there appears to be no effect of depresssion, mania, or multiinfarct dementia on
this. In a prospective longitudinal study of initially asymptomatic first-degree
relatives of probands with AD, subject age, a family history of AD, and in-
creased platelet membrane fluidity made significant and independent contribu-
tions to the risk of developing AD. The 95% confidence intervals were large,
however, indicating that the test is not really useful as a predictor (425). An ap-
parent gender effect was not statistically significant in this study. The effect of
ApoE genotype has not yet been investigated. There is no published information
about the interassay, intraperson, or interperson variation of this assay. This
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platelet phenomenon has been independently confirmed by several research
groups worldwide. Only one study has failed to find an association between
platelet membrane fluidity and AD (197). An inspection of the methodology
used in the latter study suggests that a reason for failure might have been due to
omission of protease inhibitor from the EDTA solution used to collect the blood.

The cause of increased platelet membrane fluidity in AD and other of the
platelet phenomena listed in Table 8 is not known.

Immune and Inflammatory Markers

There is considerable evidence for altered immune and inflammatory func-
tions in many AD patients. This field has been reviewed by Singh (356–358)
and Singh and Guthikonda (359). It has been proposed that a cell-mediated au-
toimmune response against brain antigens may explain immune abnormalities
in at least a subset of AD patients. This model involves activation of CD8+ cells
(activated cytotoxic T lymphocytes). Antibrain antibodies may contribute to
neurodegeneration through a cell-specific autoimmune assault. A summary of
immune parameters that have been investigated in AD is given in Table 9. Shalit
and associates (346) have suggested that T-lymphocyte subpopulations and
markers correlate with the severity of AD. Very striking are observations that sol-
uble and spontaneously aggregating A� activate peripheral T cells and
antigen-producing cells, respectively, in normal individuals but not in AD pa-
tients, suggesting that A� is recognized as a “self” antigen in patients with AD!
Neuroautoimmune phenomena associated with AD should be further investi-
gated. As well as being relevant to the immunopathogenesis of AD, they also
might be utilized in AD diagnostics or in therapy for AD. Recently, immuniza-
tion with amyloid-beta has been found to attenuate AD-like pathology in the
PDAPP transgenic mouse which overexpresses mutant human APP (in which the
amino acid at position 717 is phenylalanine instead of the normal valine) (349a).
Whether PDAPP mice really are analogous to humans with AD, in whom amy-
loid disposition might occur in response to injury, is debatable, however. That
levels of CSF or serum cytokines, and cytokine secretion by monocytes, are al-
tered in AD might be predicted from our understanding of neuroimmune regula-
tion, and the fact that inflammatory cytokine production is characteristic of the
AD brain. As in other biomarker studies, effects of AD subtype, stage, and dura-
tion of disease must be taken into account in future studies of neuroimmune in-
volvement in AD. Examples of irreproducibility of observations in the literature
indicate that attention must be paid to quality control. Whether any of the re-
ported AD-associated immune and inflammatory markers reflect nutritional de-
ficiency, which affects about one-third of the elderly, is not known.
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Table 9
Immune and White Blood Cell Abnormalities in Blood in Alzheimer Disease

Abnormality Reference

Immunogenetics
Increased frequency of HLA-BW15 � cytomegalovirus 316
Increased frequency of certain HLA haplotypes and Gm allotypes
Association of HLA-linked C4*B2 allele
Association of HLA-A2 variant See Table 2
Association of HLA DR 1,2,3 variants (protective against AD)
Association of HLA DR 4,5,6 variants 

Abnormalities of blood lymphocytes/lymphoblastoid cells
APP-related phenomena

Abnormal and deficient processing of APP in FAD 237–239
lymphoblastoid cells

Ratio of lymphocyte APP751:APP770 mRNA lower 80
*Soluble A� induces IL-2 receptor and proliferation of peripheral 389
T cells of young and old healthy individuals but not AD cases 

*Spontaneously aggregating A� (25–31) does not activate 358
antigen-producing cells

APP content of lymphocytes is increased 285
Ca2�-related phenomena

Basal and activated intracellular Ca2+ levels significantly higher 1a
in mononuclear cells in AD patients compared to elderly controls
or patients with unipolar depression

Amplifying effect of A� Ca2� signalling in lymphocytes is reduced 81
Inhibition of the PHA-induced Ca2� response by 81
tetraethylammonium is reduced

Altered Ca2� homeostasis in lymphoblasts from patients 150
with late-onset AD

Diminished Ca2� uptake in mitogen-activated lymphocytes 358
Receptor changes

Increased IgM on T cells 183
Decreased T cell interferon-gamma binding 30
Decreased lymphocyte benzodiazepine binding 31
Increased T cell TNF-� p60 and p80 receptors 33
Increased T cell IL-6 receptor binding in late onset AD 34

Function
Decreased mitotic index of lymphocytes in presence of glutamine 293
in AD and DS

T lymphocyte subpopulations and activation markers correlate 346
with AD severity

Suppressed lymphocyte proliferation to T-cell mitogens 358
Increased level of activated T cells (IL-2R� and HLA-DR�) 358
Increased ratio of  CD8� T cells (suppressor/cytotoxic) to CD4� 358
(helper/inducer) cells
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Table 9 (continued)

Abnormality Reference

Increased Con A-induced T suppressor (Ts) cell function 358
Enzymes and proteins

Decreased acetylcholinesterase and butyrylcholinesterase activity 156
in lymphocytes

Decreased actin in lymphocytes 241
Increased proteolytic activity in lymphocytes 180
Decreased �-adrenoceptor-stimulated adenylyl cyclase activity 107
Increased expression of S100 protein (on CD8� cells) 358

Other
Heat shock protein 70 mRNA levels in mononuclear blood cells 399
decreased in DAT

Increased oxidative damage in lymphocytes 255
Decreased lymphocyte counts 358
MnSOD mRNA level in lymphocytes is significantly increased 74
Greater amplitude of intracellular pH changes under acid-loading 151
conditions in lymphoblasts from patients with AD

Cytokine production by monocytes
Decreased IL-3 and TNF-� in mild AD 145
Increased production of IL-2 and INF-
 in moderately severe AD 145

and vascular dementia
Increased production of IL-6 in PHA-stimulated cells in mild and 146
moderately severe AD vs vascular dementia and normals 

Increased production of IL-1, IL-2, and IL-6 358
Serum immune activation antigens

Increased sCD8 and sCAM 357
Decreased TNF� (EOAD, LOAD) 10
Increased TNF receptor 208
Increased IL-1� (EOAD) 10
Increased IL-2 receptor 208
Increased IL-6 in severe, late-onset sporadic AD 173
Increased levels of IL-6 but normal levels of INF-�, 358

INF-
 and IL-12
No changes in IL-6 13
Decreased IL-6 soluble receptor
Increased histamine (EOAD, LOAD) 10
Increased levels of S100-� and S100-� proteins 358

Serum Ig
Normal IgG and IgA but decreased IgM 358
IgG3 isotype significantly increased 358
IgA increased 208

(continued)
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Markers of Cultured Fibroblasts and Skin

Cutaneous biopsy has been of great value in the diagnosis of certain neu-
rodegenerative diseases—especially neurometabolic and inborn errors of me-
tabolism (153). This approach is currently not favored in AD diagnostics
because it is thought that skin and fibroblast-related AD abnormalities are
metabolic perturbations caused by genetic predisposing factors for AD rather
than AD effects. Although this concern may apply to fibroblasts, it is possible
that circulating cytokines, APP derivatives, and other substances that reflect
brain changes in AD may induce AD-specific changes in vascularized epithe-
lium. Abnormalities that have been found in cultured skin fibroblasts in peo-
ple with AD are listed in Table 8. A problem with some of these studies is that
the cell lines that have been examined are not generally representative of AD,

Table 9 (continued)

Abnormality Reference

Autoantibodies in serum/plasma
To:
Histones 253
Neurofilament heavy chain 369
GFAP, S100 254
Nuclear antigen, gastric parietal cells, CNS antigen, gangliosides, 337
laminin, keratin

Thyroglobulin and thyroid microsomes in FAD 94, 110
Choroid plexus 341
A� 416
Erythrocyte anion transporter protein, band 3 182
Many other substances 222, 294, 358

Acute phase reactants in serum/plasma
�1-AT increased 410
�1-ACT increased in probable AD; increases with age in controls but 138
not in AD patients

�1-ACT increased in EOAD and LOAD 217, 235
�1-ACT increased in a subset of nondemented first degree relatives 9

of AD patients
�1-ACT levels in AD remain elevated, but return to normal in non-AD 218
inflammatory conditions

Amyloid P decreased 276
*p97(melanotransferrin): greatly increased 186; see text
*Ceruloplasmin oxidative activity: greatly decreased 367

AT, anti-trypsin; ACT, antichymotrypsin; EOAD, early-onset Alzheimer disease; HLA, human
leukocyte antigens; LOAD, late-onset Alzheimer disease.

*These abnormalities are striking and worthy of further exploration.
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and in some reports members of one large pedigree with early onset familial
AD have been overrepresented (e.g., see 91,92,113).

There is evidence that processes involved in cell division may be abnormal
in persons with AD. This hypothesis is supported by the demonstration that
presenilins 1 and 2 physically localize to the nuclear membrane, interphase
kinetochores, and centrosomes (213). It has been proposed that defective pre-
senilin function associated with PS-1 and PS-2 mutations could cause chro-
mosome missegration in dividing microglia and astrocytes in the brain,
resulting in excessive spontaneous cell death (apoptosis) or excessive chro-
mosomal aneuploidy (including trisomy 21 mosaicism) which could trigger
inflammation and initiate characteristic AD lesion formation as in Down syn-
drome (213). Primary fibroblasts from persons with familial AD carrying pre-
senilin 1 or 2 mutations have been reported to have significant aneuploidy
including trisomy 21 mosacism compared to chromosomes from normal indi-
viduals (see ref. 213), although these studies have not yet been independently
confirmed. The possibility should be considered that the chromosome 21 gain
observed in AD in the general population and the chromosome 21 loss ob-
served in older people with Down syndrome (303) are adaptive phenomena
which are protective in nature rather than destructive.

Urinary Markers

Researchers have begun to explore the possibility that urine analysis can be
used in testing for AD (Table 8). Increased levels of truncated nerve growth fac-
tor receptor previously were described in the urine of mildly demented patients
with Alzheimer disease, a marker also present in the urine of patients with dia-
betic neuropathy (220). Urinary acid-stable proteinase inhibitors (kallikrein and
trypsin inhibitors) also have been examined and their levels compared in the
urine of healthy and Alzheimer subjects (370). The levels of antikallikrein ac-
tivity were similar in both groups. By contrast, urinary levels of trypsin in-
hibitors were significantly increased in both males and females with AD. These
data raise the possibility that an imbalance in acid-stable proteolytic enzyme in-
hibitors may be involved in the pathogenesis of AD and that levels of these in-
hibitors in urine might be further explored as markers of the disease. Normal
urine has been shown to contain low levels of soluble A� (1–40), but it presently
is not known if urinary levels of this or other derivatives of A� in urine are po-
tentially useful as markers of AD (112). There now is a published report that
neuronal thread protein antigen AD7c-NTP is elevated in the urine of AD pa-
tients, and that the specificity and sensitivity of a bioassay for urinary AD7c-
NTP is comparable to that of CSF AD7c-NTP in AD diagnosis (111a).
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The Pupil Assay 

There is a deficiency of the neurotransmitter acetylcholine in the brain of
persons with AD and also in older persons with Down syndrome (who are at
greatly increased risk of developing AD-like brain changes and also clinical
dementia resembling AD). Based on additional observations that the neuronal
controls of the heart and iris of persons with DS are hypersensitive to a class
of drug that inhibited acetylcholine-mediated neurotransmission as evidenced
by an abnormally increased heart rate and a hypersensitive pupillary response
to atropine (or its synthetic analog, tropicamide), Scinto and associates (339),
hypothesized that persons with AD might respond similarly. As testing the
heart response is potentially dangerous, the decision was made to focus on the
pupillary response. As anticipated, the pupillary response to a very low con-
centration of tropicamide instilled in the eye indeed was found to be hyper-
sensitive in persons with AD. Furthermore, one “false positive” case
developed dementia within a year of admission into the study suggesting that
the pupil assay might be reflecting early signs of AD. Because of the obvious
potential importance of a non-invasive eye test for AD which could be ad-
ministered in an outpatient setting, a flurry of activity to confirm and extend
these preliminary findings has resulted. Although some groups have obtained
evidence for a hypersensitive pupillary response in persons with AD, others
have not (e.g., see Ref. 123). Nevertheless, on balance, the positive findings
in conjunction with one report that a hypersensitive response is associated
with an ApoE 4 genotype, suggests that the phenomenon indeed is real, but
that unidentified factors are contributing to the variability, the test may be very
sensitive, and that it works only when it is done “right.”

On the basis of published experiences and information, factors resulting in
“irreproducibility” in the pupil assay probably include: accuracy of reporting
groups in diagnosing possible or probable AD, choice of control individuals
(in some studies controls have been prescreened for early signs of AD and
questionable cases excluded from the study), subject age, whether the pupil
test is done in a lighted or dark room, when the test is begun after instillation
of the eye drops, effects of ApoE genotype, eye color, and the type and stage
of the AD. Whether stress associated with the testing or time of day the test is
done affects the results is not known. It would be advisable to conduct tests at
the same time of day and also to monitor the patients’ heart rate and blood
pressure for signs of anxiety. How the acetylcholine antagonist solution is pre-
pared also may be crucial for success of the test. Inherent chemical instability
or loss of solute by adherence to the surface of the storage container (espe-
cially in dilute solutions) can lead to a progressive decrease of reagent con-
centration. The need for a standardized test reagent may be particularly great
in this case. A large-scale longitudinal study presently being conducted by the
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Harvard group should resolve the current controversies about the usefulness
and reliability of the pupil assay as an early marker for AD, and whether it is
an indicator that is independent of an ApoE 4 effect. The pupil assay and re-
cent literature on the assay are reviewed in greater detail in Chapter 10.

Brain Imaging Tests

The potential of in vivo functional brain imaging to quantify and localize
functional defects associated with AD has recently been summarized by
Robles (321) (Table 10). Rapoport (312) has reported that discriminant analy-
sis of PET resting metabolic patterns can identify patients at risk for AD with
mild memory deficits as having probable AD. It was suggested that activation
studies using PET studies might augment the power of this discriminant
analysis. Importantly, PET scanning has detected abnormalities in brain glu-
cose utilization in ApoE 4-positive individuals two decades before classical
signs of dementia usually manifest, but it is not clear if these differences reflect

Table 10
Neuropsychological and Brain Imaging Markers of Probable Alzheimer Disease

Markers Uses Accuracy Reference

Neuropsychologic Dx SP: 0.91-0.98 179, 321
Delayed recall PREDT ST: 0.96-1
profiles

MRI Dx ST: 0.82-1 321
Hippocampal atrophy

SPECT Dx SP: 0.87-0.96 321
Bilateral posterior ST: 0.42-0.88
temporoparietal
hypoperfusion

MRI � SPECT Dx SP: 0.92 321
ST: 0.95

PET Dx SP: 0.85-0.88 321
Bilateral posterior ST: 0.38-0.92
temporoparietal
hypometabolism

Discriminant PREDT 312
analysis of resting
metabolic patterns

1H-MRI-Spectroscopy Dx ? 321
↓ NAA � ↑ ml

Dx, diagnostic; ml, myoinositol; NAA, n-acetylaspartic acid + other acetyl-containing mole-
cules; PREDT, predictive; SP, specificity; ST, sensitivity (for living patients with probable AD rel-
ative to a healthy control group).

After ref. 321. See also refs. 378,428,429, and Chapter 7.
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a preclinical stage of AD or genetic differences in brain glucose utilization
(361,362). Longitudinal studies must now be done to determine the predictive
power of such PET tests. Since different ligands are under development for use
with PET, the potential of PET for preclinical diagosis in a variety of degenera-
tive brain diseases seems inherently enormous. Other approaches that might in-
crease the sensitivity and specificity of PET for early AD detection include
pharmacological challenges of short-acting cholinergic agents and sensory acti-
vation during functional scanning. SPECT also may have potential for the pre-
clinical diagnosis of AD (24,168,259). The role of functional imaging in early
diagnosis is reviewed in Chapter 7.

Dementia Test Batteries

Although labor-intensive, dementia test batteries are promising for the earlier
diagnosis of AD (see Chapter 8). Furthermore, the prescreening for AD almost
certainly will continue to involve some type of neuropsychological or neurobe-
havioral test. Certain neuropsychological profiles on their own have been shown
to predict regional neuropathology 5 years later (179,371). To facilitate the early
diagnosis of AD with a dementia test battery, persons might be evaluated at least
once in early adulthood (say by age 25 years) to establish a record of baseline
cognitive functioning. A comparison of existing baseline data with current test
data would indicate the nature and magnitude of deterioration in various areas
of functioning. Tests administered in the baseline assessment might include
those functions that are known to decline with dementia, that is, memory, exec-
utive functions, visual spatial skills, motor function, and skills of daily living.
Such approaches are currently being used to evaluate the development of AD-
like dementia in persons with Down syndrome. 

Tests in Combination for the Earlier 
Detection of Alzheimer’s Disease

At this time, it appears that there is unlikely to be a single biomarker that can
be used to directly distinguish persons with AD from those with non-AD
among a group of persons with possible AD or before any clinical symptoms
appear. It is suggested that different types of readily available information be
used for diagnosis. When different tests are applied independently, the mis-
classification rate inevitably increases. A procedure is needed to combine mul-
tiple pieces of information into a single index that can be used to estimate the
probability that a person with questionable symptoms of AD is developing def-
inite AD. The powerful technique of logistic discrimination is ideal for sepa-
rating populations on the basis of overlapping, quantitative characteristics.
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In order to determine logistic coefficients for combining multiple pieces of
information in the best possible way, two different types of longitudinal stud-
ies should be carried out. Implicit in this approach are that guidelines be used
for diagnosing definite AD at autopsy and for classifying “possible” AD, that
the patients with possible AD in both studies are comparable, and that the
same biomarker information be obtained for all participants. It is important to
clarify that a diagnosis of “possible” AD is not restricted to the classification
scheme of McKhann and coworkers (250). The term “possible” AD could
refer to a diagnosis of either possible AD or probable AD using these guide-
lines, or to some other classification scheme. In practice, it would be sensible
to begin an evaluation of biomarkers using the McKhann et al. diagnosis of
probable AD. If this approach were successful, then an evaluation might be
conducted, for example, using threshhold values in a neuropsychological/neu-
robehavioral screening test to classify people as having “possible” AD. Of im-
portance is that some suitable protocol for diagnosis of people with
questionable symptoms of AD be implemented and be used consistently
throughout the investigation. The classification scheme that is used to diag-
nose the study participants will depend upon available knowledge of the sen-
sitivity and specificity of the biomarkers under evaluation for diagnosing AD.

For study 1, a group of patients diagnosed as having possible AD accord-
ing to a protocol should be identified, for example, in an Alzheimer clinic.
This group will consist of persons who are developing AD and others with
conditions that can mask as AD. These individuals should be followed
through to autopsy, which will distinguish those with definite AD from the
others. Logistic regression, using biological data taken at the time of entry
into the study, should be applied to all of the deceased. This will identify the
biomarkers that best predict definite AD, and generate a set of coefficients that
will enable calculation of the probability of definite AD, given the risk factors,
among a population with possible AD. 

For study 2, a group of healthy individuals ranging in age from 70 to 80
years who reside in housing for elders (for example) would be selected and
followed for (say) 4 years until a reasonable proportion developed possible
AD. Logistic regression should be applied to the biological data taken at year
1 from all patients. This will generate a second set of coefficients that will en-
able calculation of the probability of developing possible AD given that a per-
son is in the high-risk population.

To determine whether a person with symptoms of possible AD has definite
AD, the battery of tests would be applied. The test data would be transformed
into two separate probability indices using the two sets of logistic coefficients
described above. The probability that the person with symptoms of possible
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AD has definite AD, given his/her set of biomarker data, would be obtained
by multiplying the probability index obtained using the first set of coefficients
by the probability index obtained using the second set of coefficients.

Such an approach would make the most of available data, and avoid the use
of arbitrary cut-off values to classify persons as definitely affected with AD or
not. In such studies, one or a combination of biomarkers, age, gender, pres-
ence of the ApoE 4 allele, family history of AD, results from neurocognitive
tests or other suitable tests might be evaluated. For the diagnosis of possible
AD, it might be convenient to use threshhold values in a neuropsychologi-
cal/neurobehavioral screening test. The reader is referred to ref. 296 for fur-
ther information about deriving logistic coefficients and calculating
probabilities from biological data.

Summary and Discussion

Although considerable progress is being made in biomarker research in the
Alzheimer field, particularly with regard to CSF and serum/plasma markers,
a review of the literature has revealed many examples of irreproducible re-
sults. Since lack of reproducibility reflects the use of differing protocols
and/or methodology, factors known to contribute to variability in the bio-
marker field have been reviewed to aid with quality control in the Alzheimer
field. These include specification of inclusion/exclusion criteria for study par-
ticipants, identification of biological, environmental, and technical factors,
which can produce variability in test results, controlling for the effects of
these variables through proper experimental design and quality control proce-
dures, and application of appropriate statistical procedures to achieve the best
possible interpretation of test data.

The issue of whether to lump cases into one group or split them into sub-
groups is controversial but critical to many biomedical case/control studies.
Although AD has been treated as a single entity for many years, there is un-
deniable evidence for genetic and biological heterogeneity in this disorder. At
the clinical level there are familial and sporadic forms of AD with differing
ages of onset. AD researchers must be aware not only of possible complicat-
ing effects of AD subtypes, but also of genetic and/or environmental risk fac-
tors, subject age and gender, ethnic background, and disease severity, duration
and stage on biomarker expression, so that data can be utilized in the most ef-
fective way. Regardless of the research design that ultimately is chosen, it is
crucial that characteristics of the study participants be specified in sufficient
detail so that the study can be independently replicated, and that the sample
size is sufficiently large for “effects” to be properly evaluated.
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Biomarker tests for early AD diagnosis must not only be adequately sensi-
tive and specific, but be tolerable for the patient and cost-effective. The quest
for a single, sensitive biomarker that reflects the presence of AD should be con-
tinued. However, because the histopathological diagnosis of AD requires the
synthesis of more than one type of information, it is unlikely that only one bio-
marker will be adequate for the antemortem diagnosis of AD. As discussed, it
should be possible to combine different types of information into a predictive
index for dementia that reflects dementia severity and/or that detects dementia
earlier than any single parameter alone. Readily obtainable data such as age,
gender, family history information, and Mini-Mental State Exam scores,
should not be overlooked. Biomarker researchers are urged to collaborate with
statisticians or epidemiologists to ensure the most appropriate experimental de-
sign and to make the most of the experimental data. To facilitate the achieving
of common goals, the sharing of protocols, methodological details, specialized
reagents and different types of standards (including positive and negative pools
of biological samples), and the establishment of banks of biological samples
taken longitudinally from well-characterized subjects who go on to autopsy,
are encouraged. Because of postmortem effects on biomarkers, the use of CSF
and blood samples from deceased individuals may not yield reliable results.

Not clear at present is to what extent many so-called biomarkers of AD are
independent of effects of the ApoE 4 allele, which is a prevalent and signifi-
cant risk factor for AD, but is not a reliable predictor of AD on its own. It has
been recommended that ApoE genotyping be included as part of the screen-
ing battery in any biomarker study so that this matter may be clarified.

At the present time, no single biomarker has yet been found in blood, CSF or
other tissues which has been proven to be predictive of definite AD at the pos-
sible AD stage. Currently, biomarkers in tissues other than brain can be used
only as diagnostic aids at the probable AD stage.  However, there is evidence
that neuropsychological profiles on their own and certain types of brain imag-
ing are predictive of probable AD at the possible AD stage. It therefore is likely
that both of these latter approaches for directly measuring function will continue
to be adapted for the earlier and earlier direct testing for AD.

The demonstration that ApoE genotyping in combination with other tests
can improve the predictive power in AD diagnosis raises the possibility that
other genetic risk factors for AD might similarly be exploited (181,326). The
development of new technologies for rapidly identifying genetic variants and
mutations such as “microchip” assays (45,84,152), capillary electrophoresis
(261), and other novel approaches, in addition to promising AD therapeutics,
are expected to drive this approach. Whether society will allow such genetic
information to be utilized remains to be determined. The disclosure of genetic
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test results can be associated with complex and unexpected psychological,
legal, social, and medical insurance issues (see Chapter 12). As with other se-
rious genetic disorders, genetic testing in AD must continue to be carried out
according to the highest of ethical standards and include genetic counseling
and other backup support.
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10
Pupillary Response as a Possible Early Biological
Marker for Alzheimer’s Disease

Leonard F. M. Scinto

Introduction

Despite the growing understanding of the basic pathological cascade of
Alzheimer’s disease (AD) over the past decade, there is yet no definitive
marker or diagnostic test for this condition. Recent evidence (1,2) points to
the fact that the disease, and by disease we mean the pathology of AD, may
be present many years before there are any clinical manifestations of the 
disease. AD exists on two planes: the clinical and the pathological.
Unfortunately this distinction is often blurred or lost. The clinical manifesta-
tion of the disease is temporally subordinate to the presence of pathology.
This suggests that the earliest marker for the disease will not be found in
identifying clinical symptoms, by which time the pathological process has al-
ready done significant damage, but in identifying a biological marker for the
disease that is detectable well before frank or even subtle clinical symptoms
are apparent.

Recent work (3) has shown that 50% of neurons in some layers of the en-
torhinal cortex may be lost in individuals who would be rated a 0.5 on the
Clinical Dementia Rating (CDR) scale. Studies by Morris and others (1,2) sug-
gest that the pathology of AD may be present for many years before the onset
of even subtle clinical symptoms of dementia. Another recent pathological
study (4) that autopsied the brains of 98 individuals 65 and older involved in
fatal car crashes has shown that some 50% of victims had clear evidence of AD
pathology suggesting that the prevalence of the disease might be much higher
than expected. Such work confirms the need for diagnostic tests that can detect
the presence of the disease well before clinical symptoms become evident.
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Pupil Assay

One intriguing candidate as a potential early marker for AD is a relatively
noninvasive pupil assay being developed in our laboratory. In late 1994 we
published a finding (5) that patients with probable AD (PrAD) could be dis-
tinguished from age-matched, healthy controls on the basis of an exaggerated
pupil dilation response to a very dilute solution of tropicamide (a cholinergic
antagonist). The insight for this observation was suggested in the first instance
by the work of Sacks and Smith (6) who demonstrated the subjects with Down
syndrome had a hypersensitive pupil dilation response to a dilute cholinergic
antagonist applied to the eye. Given the known pathological links between the
dementia that develops in older individuals with Down syndrome and that of
AD (7), it was a simple leap to ask if patients with PrAD might also exhibit a
similar hypersensitivity to tropicamide. The possibility was especially com-
pelling, as the pathology of AD is known to particularly affect cholinergic
neurons in the brain. Pupillary dilation is in part controlled by structures in the
midbrain that are composed of cholinergic neurons (8).

In our original study, the assessment of hypersensitivity to tropicamide
using the pupil assay consisted of three basic components:

1. Determination of a stable resting pupil diameter from both eyes
2. Instillation of approximately 33 	L of dilute tropicamide (i.e., 0.01%) to one eye

arbitrarily chosen and a control solution to the other eye
3. Measurement of pupil diameter in each eye at seven preselected intervals over ap-

proximately 1 hour

In periods between measurements, all subjects and patients were shown
segments from the videotape Fantasia to help ensure consistent intermeasure-
ment stimulation. Pupil diameter was measured with a video-based, pupil cen-
ter to corneal reflection, system capable of measuring eye position and pupil
diameter (Applied Science Laboratories, Bedford, MA). We measured base-
line pupil diameter in each eye for 1 minute (60 times per second) after sub-
jects had accommodated to a dimly lighted environment and before any
pharmacological intervention. Data sampling yielded 3600 samples of pupil
diameter, which were averaged to compute a baseline diameter for each eye.
The baseline diameter in the treated eye was used to determine percentage
change in pupil diameter after pharmacological intervention with dilute tro-
picamide. At each measurement occasion, after instillation of dilute tro-
picamide, we measured pupil diameter for 30 seconds, which yielded
approximately 1800 data samples that were averaged to calculate the mean
pupil diameter. We deliberately oversampled to ensure as stable a measure of
resting pupil diameter as possible. The pupil is never perfectly at rest but is
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subject to both minor and more significant variation in size due to both phys-
iological and psychological influences. Oversampling ensures that pupil di-
ameter is not a reflection of a momentary fluctuation in physiological or
psychological input to the system.

The calculation of pupil diameter change in the treated eye is expressed 
as a percentage change over baseline diameter. This calculation is: (DTEx �
DTEB) / DTEB, where DTEx is the measured diameter of the treated eye at a time
point x after instillation of drug, DTEB is the baseline diameter of the treated eye.

While we recorded the diameter of the nontreated eye as part of the assay,
we choose not to use this eye as the control for determining response to the
drug in the treated eye for several compelling reasons. With the equipment in
our laboratory, it is not possible to record the diameter of both pupils simul-
taneously. The delay between measurement of the two pupils can possibly in-
troduce factors that render the two measurements nonequivalent in terms of
other influences acting on pupil diameter (e.g., arousal or fatigue). We usually
observe some degree of initial anisocoria between the diameters of the two
pupils. This initial anisocoria needs to be factored out of any subsequent cal-
culation if an anisocoria calculation were to be used. Other work has shown
that as the treated eye responds to the influence of the drug, the nontreated
eye, as part of the consensual response, tends to constrict thus magnifying the
response in the treated eye if we were to use the untreated pupil diameter as a
control. The diameter of the untreated eye is always measured and used to
evaluate the overall performance of pupils in the assay. If significant fatigue
is encountered and found to influence pupil response during pupil recording
an anisocoria calculation, taking into account the initial anisocoria at baseline,
could be used to determine response to drug.

As predicted, in our original study (5), we found that the treated pupils of
the normal elders showed a minimal increase in pupil diameter over the course
of the hour (Fig. 1, lower curve). In contrast, the patients with probable
Alzheimer’s disease displayed a pronounced response to the pupil dilating ef-
fects of tropicamide (Fig. 1, upper curve). Overall the results indicated that at
minute 29 there was on average a 23.4% change in the pupil diameter of pa-
tients with probable AD compared to an average 5% change for normal el-
derly subjects. We found that we could distinguish AD patients from a sample
of normal community dwelling elders with a sensitivity of 95% and a speci-
ficity of 94%. We defined hypersensitivity as pupil dilation that was �13%
over baseline diameter.

Subsequent to our original report, some 29 publications have appeared
evaluating the use of the pupil assay. Results from most of the 29 published
accounts (9–37) strongly suggest that the pupil assay using dilute tropicamide
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is reflecting the underlying biology of the disease. Despite a bewildering array
of measurement techniques, drugs, and experimental conditions (none of
which completely replicated our procedures) 16 (9–22,30) of 24 (9–31) re-
ports comparing PrAD patients with normal controls found that, as a group,
PrAD patients dilated more rapidly and/or to a greater extent than normal con-
trols. Nine of these publications (9–17) have demonstrated that group differ-
ences were statistically significant. Two (20,21) found statistically significant
differences under certain conditions. Two (9,22) found differences that were
not statistically significant and one (10) showed a trend toward significance.
One study found that their PrAD patients dilated more than normal controls,
but no statistics were given (30). Two studies (13,19) found that ApoE4 posi-
tively influences the degree of dilation. Another study (38), in both young and
older normal controls, found that individuals with an E4 allele dilated to a

Fig. 1. Mean percentage change in pupil diameter over baseline diameter in treated
eye in response to dilute (0.01%) tropicamide at 30 minutes posttreatment for AD pa-
tients (upper curve) and community dwelling elderly controls (lower curve).



Early Biological Marker for Alzheimer’s Disease 273

greater degree than those without the E4 allele. This suggests that a hyper-
sensitive pupil dilation response is already present in cognitively normal indi-
viduals who are considered to be at higher risk for AD. Another study (12)
examining individuals with PrAD and vascular dementia (VaD) showed 90%
sensitivity and 58% specificity for AD, with many VaD patients dilating. This
would be predicted if the assay were a marker of AD pathology, since patho-
logical reports suggest greater than 50% of patients with a clinical diagnosis
of VaD have underlying AD pathology (39,40). Five studies (9,41–44) used ei-
ther 0.0625% or 0.125% pilocarpine (a cholinergic agonist) rather than 0.01%
tropicamide and all found that Alzheimer patients, as a group, exhibited sig-
nificantly increased meiosis compared to normal controls.

On balance, these reports suggest that the pupil assay is in fact tapping a
real phenomenon associated with the pathological process of AD. They con-
firm, with remarkably few exceptions, given the variety of methodologies em-
ployed, that patients with a diagnosis of probable AD exhibit an exaggerated
response to tropicamide. The majority of these studies also suggest that there
is greater overlap in the response of patients and nondemented elderly con-
trols than suggested by our original report (5). However, this should not sur-
prise us. This is in fact what we should expect from a marker that is tapping
the underlying pathological process before the emergence of symptoms of a
clinical dementia. As we will discuss below, there is evidence that the pupil
assay is sensitive to early pathology and that many purported “normal” con-
trols may have a sufficient burden of AD lesions to give rise to a positive re-
sponse in the pupil assay.

Ongoing Studies

Since the report of our original observation we have concentrated on as-
sessing several key aspects of this phenomenon of a hypersensitive pupillary
response in AD. We have examined the test–retest reliability of the assay and
its potential as a preclinical marker of pathology. We have also looked for a
possible mechanism to explain our finding by pursuing neuropathological
study of AD and control brains. In the following sections we review the results
from this work.

Test–Retest Reliability of the Pupil Assay

Any potential assay must meet the criterion of consistency or repeatability
(45,46). At a minimum this means that on each occasion that the assay is ad-
ministered it should give the same or reasonably similar results for a given in-
dividual, assuming that no mediating factors have changed enough to alter the
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biological variable being measured. Without such repeatability, the value and
utility of any diagnostic test or screen is compromised. This is a particularly
important characteristic to establish for biological assays that measure what
are by definition inherently unstable physiological phenomena.

We studied the repeatability of the assay in 29 community dwelling elderly
subjects. The mean age of the sample was 71 � 6 years and consisted of 20
females and 9 males. Of the 29 subjects, 10, who were part of our original re-
port, were retested at least 1 year later (14.6 � 3.2 months). Of the 29 sub-
jects, 19 were tested on two occasions separated by a minimum of 1 full day
(4.89 � 2.38 days) to allow for drug washout. All subjects entered the study
as volunteers responding to advertisements in the local community or from a
pool of subjects from the Harvard Cooperative Project on Aging. They were
living independently in the community. Subjects were excluded from the
study if they were taking medications with known pupil effects or had a his-
tory of ophthalmological disease.

All subjects were given a neuropsychological battery of tests that assessed
estimated IQ, language, memory, attention, and visuospatial ability. Although
many of our subjects had abnormal test scores, none was excluded from the
study of test–retest reliability based on neuropsychological performance.
They also received a neurological examination and an ophthalmological
screen by a neuroophthalmologist who evaluated subjects for a narrow ante-
rior chamber, adequate tear lakes, corneal opacity, rapid tear buildup time, fil-
aments, and mucus in the tear film. No significant ocular pathology or
sensorimotor abnormalities were detected in any of the subjects.

Pupil measurements from both eyes were made as described above. Data
consisted of percentage change in pupil diameter over baseline (calculated by
the method described above). Subjects’ dilation responses were coded “�” if
by minute 29, the fifth measurement of pupil diameter after instillation of eye
drops, they had a percentage increase in pupil diameter over baseline of 
�13% or “�” if the percentage change over baseline was 13%. These crite-
ria were based on the finding in our original study (6).

To assess test–retest reliability, we employed the following measures:

1. Simple percentage agreement between dilation values for test–retest occasions
2. Spearman’s correlation analysis
3. The kappa statistic, a measure of agreement excluding chance
4. Cronbach’s alpha, a measure of test reliability

All statistics were based on the pupil diameter at the fifth measurement
(approximately 29 minutes after instillation). Figure 2 illustrates the perfor-
mance of subjects with a dilation response of 13% on both occasions and
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Figure 3 illustrates the performance of subjects with a response of �13% on
both occasions. Again, the responses for test–retest closely parallel each other
in both cases.

Our analysis revealed that:

1. There was 86% agreement between the pupil response in test 1 and test 2 when
we looked at measurement 5 for all subjects irrespective of response magnitude.
The percentage agreement for subjects retested within a few days was 89% and
for those tested a year or more apart it was 80%.

2. There was a significant correlation (.73, P .0005) between measurement 5 for
test 1 and test 2 using Spearman’s technique. When we separated the sample into
two groups, those that had been retested 1 year apart and those that were tested
�1 year apart, we found that for measurement 5 there was a correlation of .79 for
those subjects tested 1 year apart (P .0005) and a correlation of .66 for sub-
jects tested �1 year apart (P � .04).

3. Calculating the kappa statistic, we found 72% agreement between dilation re-
sponses at measurement 5 for test and retest occasions. 

4. Cronbach’s alpha showed 84% agreement for dilation responses for test 1 and test
2 at measurement 5.

Based on data from 29 subjects tested on two occasions (some of whom
were tested 1 or more years apart) we found significant agreement between
the data on pupil response from both test occasions. The results confirm the
more than satisfactory test–retest reliability of the assay and its stability in de-
termining cholinergic sensitivity.

Fig. 2. Pupil response curve for all measurement epochs for all subjects with a dila-
tion response of 13% for occasion 1 and 2.
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Of the four subjects out of 29 who did not repeat their initial pupil dilation
performance on second occasion testing, two had been tested 1 year previ-
ously. During their initial evaluation, these subjects performed normally on
the neuropsychological battery used in this study and exhibited a nonhyper-
sensitive pupil response. In year 2, neuropsychological testing revealed that
these subjects had declined cognitively, with specific deficits in the realm of
memory. While not demented by standard clinical criteria, these subjects
nonetheless had begun to exhibit difficulties in the storage and retrieval as-
pects of memory. Subsequent follow-up of these two subjects in our longitu-
dinal study (see below) show that they continue to exhibit additional decline
in memory. Declines in memory have been shown to often precede the onset
of a clinical dementia (47–49). Coincident with the development of the mem-
ory deficit, by the second testing occasion these subjects were also found to
exhibit an exaggerated pupil response. The implications of such “conversion”
in pupil response are addressed later in this chapter in our discussion of our
longitudinal work. Excluding these subjects from consideration for test–retest
evaluation, the percentage agreement between the two test occasions would
change from 86% to 93% agreement.

Of the two remaining subjects who did not repeat their initial pupil re-
sponse, factors such as fatigue (depressing the pupil response on a given oc-
casion) or anxiety (enhancing the pupil response) may have in part influenced
the result on one of the occasions. It is possible that variations in dosing (the
inadvertent administration of a greater or lesser amount of tropicamide) will

Fig. 3. Pupil response curve for all measurement epochs for all subjects with a dila-
tion response of �13% for occasion 1 and 2.
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have introduced more or less active agent into the tear film thus causing a
magnified or dampened response in the pupil. Changes in corneal permeabil-
ity or tear film thickness between the two test occasions may also account for
the differences in pupil response.

The data from this aspect of our continued investigation of the pupil assay
as a possible marker for AD support the premise that the pupil assay, done
under carefully controlled experimental conditions, is a reliable measure of
cholinergic sensitivity in elderly subjects. Overall, the consistency of the pupil
assay in assessing pupil sensitivity is excellent given the weak solution used
and the inherent variability of the pupillary response in which multiple inputs
may affect pupil dilation. When administered on two occasions, separated by
either a few days or a year, and assuming no significant differences in subject
cognitive status or pupil physiology, the assay will give similar findings on
cholinergic hypersensitivity.

Longitudinal Findings With the Pupil Assay

As noted in Chapter 2, in major medical centers the accuracy with which
we can diagnose AD is impressive. Diagnostic accuracy often approaches
80% to 90%. However, such diagnosis is made after patients exhibit notable
symptoms of memory impairment and difficulty with daily living activities.
The search for an early presymptomatic marker for AD has yet to be success-
ful. The need for such an early diagnostic test for AD is undisputed. With an
early presymptomatic test the search for successful therapies to slow the
progress of the disease will be greatly facilitated (see Chapter 11).

The failure of some studies, using the pupil assay (see above), to find sig-
nificant differences between patients with probable AD and community
dwelling elders may in part be due to contamination of the control sample
with individuals who are at presymptomatic or preclinical stages of the dis-
ease. We need a means to determine if this contention is accurate or if the
pupil assay is in fact incapable of distinguishing between patients with prob-
able AD and healthy control subjects.

The main dilemma that confronts us is against what standard are we to
judge the accuracy of an early diagnostic marker to detect pathology in the ab-
sence of clinical symptoms. How can we judge the predictive power of two
tests for the early diagnosis of AD that give contradictory findings? It is un-
likely that we will be able to obtain in vivo biopsies as confirmatory data on
the accuracy of a given diagnostic test. Autopsy series are also likely to prove
either difficult to obtain or problematic in their interpretation given the tem-
poral lag between the administration of an early diagnostic procedure
(presymptomatically) and autopsy confirmed AD perhaps many years later.
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In order to test the accuracy of such tests to diagnose AD early, longitudi-
nal data may be the best evidence we can bring to bear on this question. The
convergence over time of a positive test finding and the development of a cog-
nitive compromise with the eventual emergence of classic clinical symptoms
of AD can serve as strong evidence of the power of a given assay to predict
the development of probable AD. Such data also allow us to assess the inter-
val over which we can expect to be able to predict the development of clini-
cal symptoms of dementia.

We conducted a prospective longitudinal study of community dwelling el-
derly subjects’ response to dilute tropicamide to determine if the “false posi-
tives” in some studies was reflective of a lack of specificity in the assay or
rather a measure of the assay’s sensitivity to the presence of early AD pathol-
ogy in the absence of clinical symptoms. The goal of this work was to deter-
mine whether a hypersensitive pupil response in asymptomatic individuals
was predictive of subsequent cognitive decline suggestive of preclinical AD.

We have evaluated a sample of 55 community dwelling elders for up to 4
years. They are all self-referred volunteers from the Boston area. All lived in-
dependently in the community and responded to local advertisements for an
Aging and Alzheimer’s disease study at Brigham and Women’s Hospital. We
carefully screened subjects for a history of alcoholism, drug abuse, serious cur-
rent neurological, medical or psychiatric illness, ocular pathology, and medica-
tions with known anticholinergic effects. All subjects have been well
characterized with CDR rating scores, neurological examination, psychiatric in-
terview, medical history, ApoE genotyping, pupil assay, and a comprehensive
battery of neuropsychological tests selected from the literature to be sensitive to
preclinical Alzheimer’s disease. Of the 55 individuals in our longitudinal sam-
ple, all have 2 years of data; 19 have 3 years of data and 7 have 4 years of data.
Demographics for the 55 subjects in the final analysis are given in Table 1.

We used a prospective longitudinal design to assess the predictive power of
the pupil assay to identify individuals who would over time progress to exhibit

Table 1
Demographics Longitudinal Subjects

Minimum Maximum Mean Std. Deviation

AGE 57 87 69.62 6.09
EIQ 106 131 122.78 5.58
IMC 0 4 .87 1.06
Years of 12 20 15.60 2.51

education
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measurable cognitive decline in the areas of memory and attention in a pattern
consistent with an early dementing process. Subjects were assessed yearly
with a neuropsychological battery of tests sensitive to preclinical and early
AD. At each yearly evaluation subjects received a neurological as well as neu-
roophthalmological examination. Medical history was updated yearly. At their
initial evaluation, subjects were screened for cognition and mood that in-
cluded the Blessed Dementia Scale (BDS) (50), the American modification of
the National Adult Reading Test (AmNART) (51,52), and the Geriatric
Depression Scale (GDS) (53). The Blessed Dementia Scale was chosen be-
cause it has been widely used to identify the presence and severity of demen-
tia. The American modification of the National Adult Reading Test
(AmNART) was chosen to provide an estimate of premorbid IQ. The
AmNART is reported as a more reliable indicator of premorbid ability be-
cause it capitalizes on the subject’s premorbid familiarity with words and con-
trols for the lack of formal education in the elderly (54). The Geriatric
Depression Scale was chosen as a measure for depression. Lower scores
(0–10) indicate a normal range of functioning. Higher scores are indicative of
mild (11–20) to moderate/severe (21–30) ranges of depression. Subjects were
also screened for ApoE allele type and pupillary reaction to dilute tropicamide
(a cholinergic antagonist) was determined using the pupil assay (5).

Subjects underwent an experimental battery of neuropsychological tests
known from the literature to be sensitive to preclinical Alzheimer’s disease.
The tests measured the following cognitive domains:
Attention: Digit Span from the Wechsler Adult Intelligence Scale-Revised (55); FAS

(56); Category Generation Test (i.e., animals, vegetables, and fruit) (57);
Recitation of Months Forward and Months Backward;

Memory: Bushke Selective Reminding Test-6 trial (58);
Language: Boston Naming Test (59);
Visuospatial: Benton Form Discrimination Test (56).

The literature reports memory loss as the earliest symptom of “at risk pop-
ulations” (47–49). The additional measures were chosen because demonstra-
ble impairments in word fluency, naming and complex attention improve the
power of prediction with respect to which elders go on to develop a frank de-
mentia state (51,60–63).

The average estimated IQ of our sample was in the superior range (mean:
123). Therefore, we were concerned that the detection of preclinical or
presymptomatic AD in intellectually higher functioning individuals would be
masked by use of conventionally published neuropsychological test norms
(63,64). We estimated premorbid IQ for subjects in our sample based on their
performance in the AmNART. This was used as a means of assessing decline
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from an estimated premorbid baseline capacity. Despite individual diversity in
functional laterality and brain organization, it is generally accepted in the psy-
chometric literature on “deficit measurement” that most normal adults show a
consistent performance on neuropsychological tests across a broad range of
cognitive skills and domains for their expected level of performance (65,66).
If an individual had an estimated IQ in the superior range (120–130), which
is 1.7 standard deviations above a mean of 100, we would expect a similar
level of performance on tests of cognition and memory. By contrast, if a su-
perior functioning individual performed in the average range on tests of mem-
ory, such a performance would suggest a significant decline from premorbid
functioning (66). To determine decline from baseline we adjusted the norms
in which the revised “mean” value of the standardized published norms was
defined (64) in the following manner:

• If the Estimated AmNART IQ was 120, standard norms were used based on the
published literature 

• If the Estimated AmNART IQ was �120 but �130, standard cutoff scores were
derived from an adjusted mean based on 1.7 SD above the normative mean where
the mean IQ � 100.

• If the Estimated AmNART IQ was �131, standard cutoff scores were derived from
an adjusted mean based on 2 SD above the normative mean where the mean IQ �
100.

Test scores that fell 2 standard deviations below the adjusted mean were
considered abnormal. This method adjusts for any age associated memory loss
as suggested by NIMH proposed standards of �1 standard deviation below
the mean for young adults (40,41). Based on their cognitive performance in
the experimental battery, subjects were classified as falling into one of four
status categories defined as follows:

Category 0: Normal: no test abnormalities. 
Category 1: Mild cognitive impairment but no dementia (abnormalities in one cog-

nitive realm: a) memory, b) nonmemory, or c) IMC �2).
Category 2: Questionable Dementia (abnormalities in 2 or more realms, one being

memory).
Category 3: Possible preclinical AD (scores on tests of memory and word fluency

that fall substantially greater than 2 SD below the adjusted mean*).
Category 4: Meets DSM-IV and ADRDA criteria for PrAD.

*Scores used in determining Category 3 status included: Categories 37; one of the
following Buschke subtest scores � to the following � TR 30, LTS 16, LTR 12, Delay
2, MC 9, 30’MC 9.
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Subjects received a pupil assay each year. Retesting allowed us to see if
subjects with a nonexaggerated response in a given year would maintain that
response or “convert” to a positive exaggerated response in light of devel-
oping pathology (see below).

We used logistic regression for a discrete-time survival analysis (DTSA) to
estimate the relative risk of a predictor variable in detecting a pattern of cogni-
tive decline. DTSA provides information about target event occurrence pat-
terns among members of a predictor group. These models are conceptually
similar to multiple regression models and can be used to determine the effect
of multiple predictors on the conditional probabilities that an event will occur
in a given time period. As with multiple regression, DTSA modeling can de-
termine whether the inclusion of a predictor variable in the model contributes
statistically significant information to the prediction of a given outcome
marker. This model yields an odds ratio for each predictor variable which esti-
mates the magnitude of the effect (67).

A discrete time survival model was used because it has distinct advantages
over traditional methods for handling methodological and analytical difficul-
ties. Discrete time survival analysis has the feature of incorporating repeatable
dichotomous predictors, outcome variables and time-varying covariates into
analysis. Unlike other methods that require traditional temporal ordering, this
model allows predictors to precede an outcome event and does not require that
all subjects experience the target event within the discrete-time framework.
Such a model can account for the censoring of cases (subjects who do not
meet the terminal event in the model during the time of evaluation).

We hypothesized that subjects with a positive pupil response would experience
greater cognitive decline compared to subjects with a negative pupil response.
We tested this hypothesis by including pupil response as a time dependent pre-
dictor variable in the model that has as events the category neuropsychological
classification (early dementing pattern/no early dementing pattern, i.e.,
�Category 2).

Pupillary response (dichotomous: �13% or 13% over baseline diameter)
was used as the primary predictor in the model. Cognitive status �2 (see
above) was defined as the terminal event in the model. The goal of the analy-
sis was to determine whether the risk of early dementia differed among the
hypersensitive pupillary responders (positive dilators) and nonhyperrespon-
ders (negative nondilators). Multivariate evaluation incorporated other covari-
ates that were, based on literature in the field and considered associated with
increased risk for dementia.

A person–period data set was created for our sample. This data set contained
55 subjects with repeated data points for each predictor and outcome variable
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(i.e., pupil response and cognitive status). A chronological baseline model of risk
probability was estimated by using logistic regression with time as an indepen-
dent predictor. Having established the baseline model, a series of hierarchical
models were fitted by adding variables of substantive interest in particular, age
and ApoE allele to control for the effects of each of these risk factors.

Pupillary response was examined as the primary predictor of outcome
events. Multivariate control was achieved by adding age into the model. A hy-
persensitive pupillary response of 13% or greater emerged as a significant, in-
dependent predictor of eventual cognitive decline (OR � 3.0; p � 0.017;
CI: 1.22–7.80). The overall model was significant at p � 0.02.

We added ApoE allele status as a covariate to the baseline model. Allele
type was defined as having as least one 4 allele or no 4 allele. With ApoE as
a covariate we found that pupil was still the most significant predictor (OR �
4.0; p � 0.01; CI: 1.37–12.13).

The results of this pilot study strongly suggest an exaggerated pupil re-
sponse (�13% over baseline diameter) is a significant independent risk factor
for developing a pattern of cognitive decline consistent with an early dement-
ing process. Additional years of data will be required before we can more pre-
cisely assess the relative risk associated with an exaggerated pupil response.
The relative risk based on the models in this pilot analysis suggests that the
risk of early stage dementia is increased by about fourfold. This is a signifi-
cant increase in risk when compared to risks associated with hypercholes-
terolemia for death from HID or a family history of breast cancer for death
form breast cancer. This analysis also helps explain why cross-sectional stud-
ies may show varying degrees of overlap in the pupil response of diagnosed
patients with probable AD and nondemented community dwelling elderly.

Underlying Mechanism for Pupillary
Sensitivity

Our search for a mechanism to explain the exaggerated dilation response of
AD patients led us to consider the possibility that this hypersensitivity might
be a consequence of pathology at the level of the Edinger-Westphal nucleus, a
known center for the control of pupillary function. In light of the clinical nosol-
ogy of Alzheimer’s disease and the known patterns of the distribution of
pathology in AD (68) the finding of a peripheral hypersensitivity to tropic-
amide seemed puzzling. However, a review of the available literature revealed
that reports of AD pathology in the brainstem suggested that the deposition and
distribution of such pathology is relatively more extensive in rostral regions of
the brainstem within which the neurons that contribute to pupillary function are
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located (69–71). We suspected that the Edinger-Westphal nucleus (EW), which
is documented to play a role in various aspects of pupillary control (e.g., con-
striction and accommodation) (8), might be a target for early pathological
changes that could lead to the observed hypersensitivity of patients with
PrAD (1).

Animal studies (72,73) have demonstrated that the parasympathetic pre-
ganglionic efferent output for pupillary response originates in the EW, the
small-celled autonomic division of the oculomotor complex. This nucleus lies
medial and dorsal to the main oculomotor nuclei in the midbrain. It is located
ventral to the periaqueductal gray matter (PAG) and extends from the level of
the caudal pole of the red nucleus to the region of the nucleus interstitialis, a
distance of approximately 5–7 mm. The EW receives input from the retina via
the pretectum (72–76), and in turn sends its axons through the oculomotor
nerve to the ciliary ganglion. In animals, injections of cholinergic agents into
this region have been shown to affect pupil size (77).

Most studies of midbrain pathology in AD (78) have shown that the PAG is
the region with the heaviest deposition of lesions. A recent study (79) of the
PAG region showed very robust correlations between the pathological burden
in this area and pathology in the entorhinal cortex. Since the entorhinal cortex
is markedly affected by AD pathology early in the course of the disease, the
PAG and EW might also be early targets for pathology. There have been con-
tradictory reports in the literature with respect to pathology in the oculomotor
complex (80,81).

Eight brains from clinically and pathologically confirmed (CERAD crite-
ria) (82) cases of Alzheimer’s disease, seven brains from community
dwelling, neurologically normal individuals, three brains from age-matched,
neurologically normal community dwelling elderly with cortical AD pathol-
ogy and one brain from a case of clinically and pathologically confirmed pro-
gressive supranuclear palsy (PSP) were used in this study (71a). Neither age
nor postmortem interval were different for the patient and control groups
(Age: Jonckheere-Terpstra Test:: J-T � �.083, P � .934; PMI: J-T � �.332,
P � .740).

The brainstem of each case was separated by a cut placed rostral to sub-
stantia nigra, into the thalamus, to preserve the oculomotor (and EW) nucleus.
Fixed tissue was sectioned at 40 	m on a freezing microtome into 0.1 M phos-
phate buffer containing 0.02% sodium azide. Series of 1 in 4 sections from
each brainstem were stained for Nissl using cresyl violet and used for anatom-
ical localization and morphological characterization of the EW and adjacent
structures.

Immunohistochemistry was performed using the avidin–biotin–peroxidase
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complex (ABC) method employing the vectastain Elite ABC kit (Vector
Laboratories, Burlingame, CA). Free-floating sections were rinsed three times
in 0.1 M phosphate-buffered saline (PBS), at pH 7.4. This rinse was repeated
after every incubation step. Sections were treated with 0.4% triton X-100 in
PBS for 30 minutes at room temperature and then soaked for 1 hour in the car-
rier medium consisting of 10% normal goat serum and 0.1% triton X-100 in
PBS. Tissue was incubated in the primary antibody at appropriate dilutions for
24 hours at 4�C. Sections were then incubated in biotinylated goat secondary
IgG (1/500) for 15 hours, followed by the ABC complex (1/100) for 2 hours.
The resultant peroxidase labeling was visualized by incubating the sections in
0.005% diaminobenzidine and 0.01% H202 in 50 mM Tris-Hcl (pH 7.6) for
10–20 minutes. Following termination of the reaction by rinsing in the Tris-
Hcl buffer, sections were mounted on slides, air-dried, dehydrated in graded
alcohols, cleared in xylene and coverslipped under permount. Control sections
were processed using nonspecific IgG in place of the primary antibody or by
omitting the primary antibody.

The polyclonal antibody 1282, which recognizes A� (kindly supplied by
Dr. Dennis Selkoe, Center for Neurologic Diseases, Brigham and Women’s
Hospital, Boston, MA), a monoclonal antibody (PHF1) which specifically
recognizes tau phosphorylated at Ser396/Ser404 and the monoclonal antibody
Alz-50 which recognizes epitopes associated with the cytoskeletal pathology
of Alzheimer’s disease (generous gift of Dr. Peter Davies, Albert Einstein
College of Medicine, Bronx, New York) were used to assess pathology. To as-
certain specificity of staining, some sections were processed in the presence
of nonspecific IgG in place of the antibody. Thioflavin-S staining was used to
visualize compact plaques, dystrophic neurites, neuropil threads, and tangles.
All stained sections were subjected to careful microscopic examination and
the presence of AD-type lesions in the EW noted. The specificity of such
pathology was ascertained by comparing the EW with the somatic portion of
CN3 and other neighboring structures.

To obtain a quantitative measure of the extent of tangle and dystrophic neu-
rite/neuropil thread (NT/DN) formation, we counted the number of PHF1-
positive lesions in the EW of 3 AD cases, 3 normal controls, and the 3 cases
that were clinically silent but exhibited cortical pathology. Counting was car-
ried out at �40 magnification using an ocular grid placed in the eyepiece of
the microscope. Sections through the anterior, intermediate and posterior re-
gions of the EW, matched across all cases, were used for counting. The mean
numbers of tangles and DN/NT in the three groups were analyzed for signif-
icant effects using nonparametric tests (i.e., Kruskal-Wallis and Kolmogrov-
Smirnov).
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Anatomical identification of the EW in this study was guided by the brain-
stem atlas of Olszewski (83) that remains the standard anatomic characteriza-
tion for this nucleus. The EW could be identified within the oculomotor
complex by the morphological characteristics of its cells (Fig. 4a,b,c). The
neurons of this nucleus were densely arranged, small to medium in size and
fusiform, oval, or triangular in shape (Fig. 4b). They had a prominent nucleus
and the Nissl substance was diffusely distributed throughout the cytoplasm.
By contrast, neurons of the somatic portion of the nucleus of the third cranial
nerve (SNCN3) (Fig. 4c) were large, multipolar, and stained darker than cells

Fig. 4. Morphological characteristics of neurons within the oculomotor complex in
Nissl stained sections from normal subjects. (A) The neurons of the somatic component
of the nucleus of the third cranial nerve (SNCN3) are diffusely scattered, while the neu-
rons of the Edinger-Westphal (EW) nucleus are grouped together in a compact region
dorsal and medial to the SNCN3. (B) Neurons within the EW are fusiform or oval in
shape and the Nissl substance is diffusely scattered throughout the cell. (C) Neurons
within the SNCN3 are larger than EW neurons, have multipolar morphology and stain
darkly for Nissl. (D) At high magnification, the Nissl substance within the SNCN3 has a
granular and clumped appearance. Panel A: �215; Panels B and C: �560; Panel D:
�1120. Reproduced with permission from ref. 71a.
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in the EW. The Nissl substance in SNCN3 neurons was granular and clumped
in appearance (Fig. 4d). Morphological characterization of the oculomotor
nucleus in our sample of normal subjects, using Nissl-stained sections re-
vealed numerous densely packed neurons throughout the EW (Fig. 4a). The
EW could be divided into three divisions, an anterior unpaired portion lying
in the midline, a paired central portion lying dorsal and medial to the SNCN3
and a posterior paired portion lying on either side of the midline.

We used PHF1 and Alz-50 immunoreactivity to study the distribution of
tangles and neuropil threads/dystrophic neurites (NT/DN) within the oculo-
motor complex and adjacent regions. In normal control cases, virtually no
PHF1- or Alz-50-positive tangles or NT/DN were observed within the oculo-
motor complex (Fig. 5f). Unlike the control cases, PHF1 and Alz-50 staining
revealed a dense accumulation of structures with the morphology of tangles
and NT/DN in the EW of all AD cases (Fig. 5b). Adjacent sections stained
with thioflavin S confirmed the presence of tangles and NT/DN in the EW. In
striking contrast, the SNCN3 was almost completely free of tangles and
NT/DNs (Fig. 6b). Some adjacent areas, such as the dorsal raphe nucleus and
the PAG, exhibited heavy burdens of pathology (data not shown).
Examination of the cerebral cortex revealed that AD cases with the greatest
number of cortical tangles and NT/DN, also exhibited the heaviest deposition
of pathology in the EW.

Next, we determined the presence of tangles and NT/DN in the EW of the
three cases that had been clinically silent, but displayed an accumulation of
these lesions within the cerebral cortex. Cortical pathology in one case was
relatively mild while there was sufficient pathology present in the second and
third cases to satisfy a classification of possible AD by CERAD criteria (82).
A moderate density of PHF1- and Alz-50-positive neurons and NT/DN were
observed in the EW (Fig. 5d) of all three cases. Thioflavin-S-stained sections
showed occasional tangles and a moderate density of NT/DN (data not
shown). Again, the SNCN3 was completely free of pathology. In all cases,
tangles and NT/DN were also observed in some adjacent areas.

The results of the quantitative assessment of tangles and NT/DNs are pre-
sented in Figures 7 and 8. The three groups differed significantly in the numbers
of tangles (p � 0, 2-tailed) and NT/DN (p � 0.016, 2-tailed) at all levels of the
EW studied. The EW of the AD group and the control group with AD pathol-
ogy had significantly higher numbers of tangles and NT/DN as compared with
the normal control group (p � 0.015, 2-tailed). There was also a trend toward
significant differences in the numbers of tangles and NT/DN in the EW of the
AD sample and controls with cortical pathology (p � 0.065). Tangle counts in
posterior sectors of EW did not show such a trend (p � 0.290, 2-tailed).



Fig. 5. �-Amyloid (A�) stained plaques and hyperphosphorylated tau (PH-Tau,
PHF1)-stained tangles and neuropil threads/dystrophic neurites (NT/DN) in the EW of AD
and normal brains. (A) Many A�-positive plaques (arrow) are observed within the EW of
AD brains. (B) Staining with the PHF1 antibody visualizes a large number of PH-Tau-
positive structures with the morphology of tangles (large arrows) and NT/DNs (small
arrows) within the EW of AD brains. Virtually the same results are obtained using the Alz-
50 antibody. (C) Staining for A� in a clinically nondemented case with the pathological
diagnosis of possible AD fails to visualize any plaques in the EW. (D) In the same case as
in panel C, a number of structures with the morphology of tangles (large arrow) and
NT/DN (small arrows) are PH-tau-positive. (E) No A�-positive plaques are found in the
EW of normal cases. In some normal and AD cases, weak A� staining is observed within
the neurons of the EW (small arrows), and darker staining in the neurons of the SNCN3
(large arrow). This staining is entirely due to recognition of high contents of the amyloid
precursor protein (APP) within these neurons by the A� antibodies (Geula and Scinto, un-
published observations). (F) No PH-tau staining is present within the EW of normal cases.
Virtually identical results were obtained using the thioflavin S stain. Panels A–F: �280.
Reproduced with permission from ref. 71a.
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We also investigated the presence of plaques using � amyloid (A�) im-
munohistochemistry. In the normal control cases, no A�-positive plaques
were observed in the EW (Fig. 5e) or the SNCN3. A relatively small number
of diffuse A� deposits were observed in the cerebral cortex and PAG of some
normal cases. By contrast, many A�-positive plaques were distributed through-
out the EW of all AD cases (Figs. 5a and 6c). Thioflavin S-stained sections re-
vealed that most of these A�-positive plaques were of the diffuse type. Very
rare diffuse plaques were observed within the SNCN3 in AD cases. All of the
AD brains contained a high density of A�- and thioflavin S-positive plaques
within the cerebral cortex and the PAG. The EW of the three clinically silent
cases with cortical pathology contained no plaques (Fig. 5c). The cerebral cor-
tex of these cases, however, exhibited a density of plaques between those of
normal control and definite cases of AD.

Fig. 6. Regional specificity of Alzheimer pathology within the oculomotor complex
of AD brains. (A) Nissl-stained sections through the intermediate aspect of the oculomo-
tor complex visualize neurons within the dorsal and ventral portions of EW (EWd and
EWv, respectively) and the SNCN3. (B) A high density of PH-Tau-positive tangles and
NT/DN is found within the EW of AD cases. The SNCN3, however, is almost completely
free of pathology. (C) A�-positive plaques are found within the EW in AD. No plaques
are observed within the SNCN3. A� staining in neurons within the oculomotor complex
is entirely due to high cellular content of APP (Fig. 2). (D) PHF1 staining in the oculo-
motor complex from a patient suffering from progressive supranuclear palsy (PSP) re-
veals PH-tau-positive neurons, tangles, and NT/DN within the EW (large arrow) as well
as the SNCN3 (small arrows). (E) In the PSP case, tangles are found throughout the
SNCN3 (small arrows), consistent with clinical oculomotor abnormalities in this disor-
der. Panels A–C: �180; panels D and E: �360. Reproduced with permission from ref.
71a.
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We studied the distribution of AD-type pathology within the oculomotor
complex of the brain from a patient who suffered from progressive supranu-
clear palsy (PSP), a disorder known to present with clinical oculomotor ab-
normalities. Numerous Alz-50- and PHF1-positive tangles, neurons and
NT/DN were observed in both the EW and SNCN3 in this case (Fig. 6d,e).
This distribution is in sharp contrast to that observed in AD cases in which the
SNCN3 was virtually spared (Fig. 6b,c).

Our observations confirmed our speculation and demonstrated that the EW
is a specific target of pathology, unlike the somatic portion of NCN3, which is
spared. In contrast, PSP patients appear to exhibit more general pathology
throughout the oculomotor complex. Of particular note is the finding of pathol-
ogy in the EW in three of out 10 control cases. The presence of pathology in
the EW of these individuals, who were clinically silent and one of who does
not meet pathological criteria for AD, suggests that the deposition of pathology
in the EW may constitute a relatively early event in the pathological cascade.
More recent pilot work in our laboratory on cell loss in the EW shows that both
AD patients and “normals” with EW pathology show significant cell loss in the
EW compared to normals without pathology in this structure.

Fig. 7. Bar graph of the mean number of tangles in anterior, intermediate, and pos-
terior sectors of the EW of ADs, controls with cortical pathology, and normal control
cases without cortical pathology. AD cases exhibited the highest counts in all sections.
Normal control cases without cortical pathology exhibited no tangles in any sections.
Reproduced with permission from ref. 71a.
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The failure of some clinical studies of the pupil assay, to find significant
group differences in the response of patients and control subjects to dilute
tropicamide, is in large part due to a number of methodological variations
(e.g., recording methodology and testing conditions, screening procedures for
controls, simultaneous use of a dilating agent and corneal stain, and inade-
quate testing of drug concentration). However, our pathological work suggests
an additional explanation for such results. The presence of AD pathology in
the EW of some of our elderly control cases who did not meet clinical crite-
ria for AD could lead to a hypersensitive response to tropicamide. Since AD
pathology appears to be present in the EW early in the course of the disease,
a hypersensitive pupil response may serve as a marker for the disease process
long before patients have sufficient pathology to either exhibit clinical symp-
toms or qualify for a clinical diagnosis of probable AD. The findings from our
initial analysis of longitudinal data (see above) are consistent with the hy-
pothesis that pathology in the EW is a relatively early event leading to a pos-
itive response to the pupil challenge.

Fig. 8. Bar graph comparing the mean number of neuropil threads/dystrophic neu-
rites (NT/DN) in the anterior, intermediate, and posterior sectors of EW for ADs, con-
trols with cortical pathology and normal control cases without cortical pathology. NT/DN
counts were highest for AD cases in all sections. Normal controls exhibited no NT/DN
in any sections. Reproduced with permission from ref. 71a.
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Pathology within the EW, a known center for pupillary control, leading to
neuronal loss, likely initiates a cascade of events leading to the hypersensitiv-
ity that we have observed in the exaggerated mydriatic response of the pupil
of AD patients to cholinergic agents such as the antagonist, tropicamide. The
finding of mild but selective pathology in the EW in normal brains further
suggests that a hypersensitive pupil response may be present in some com-
munity dwelling elderly subjects who are otherwise clinically silent.

Future Directions

Will the pupil assay prove useful as an early clinical marker for AD? To date,
data on the assay do not permit us to answer this question definitively. Does the
assay reflect a biological phenomenon associated with AD? Here the data sug-
gest that the assay is in fact linked to an early aspect of the pathological cas-
cade of the disease. Additional longitudinal work will ultimately sort out
whether an exaggerated response to dilute tropicamide can be used as a pre-
dictor of the eventual development of dementia and how early such a predictor
will be useful as a marker. Further work on specificity, with appropriate con-
trol populations such as patients with frontotemporal dementia will be required
to determine to what extent the pupil assay is a specific marker of AD.

If future research continues to be supportive and the pupil assay as a marker
of early pathology is confirmed, the clinical utility of the assay will have to be
determined. Can it be formalized into a “test” that is easily administered in a
primary care setting? Can it be administered quickly and inexpensively
enough to serve as a screen? How early should such a test be used? It is likely
that in the first instance, if the pupil assay is useful, its chief use will be in se-
lecting appropriate subjects for clinical trials of new agents aimed at stem-
ming disease progression.

It is possible and perhaps likely that the pupil assay will be but one of many
possible markers for AD. There may be a succession of markers that turn pos-
itive along some time line of disease progression. Therapeutic intervention
may be deemed appropriate (depending on the toxicity of agents) when some
number of these markers turn positive and before others turn positive. As for
other potential biological markers for AD, longitudinal studies will be re-
quired to assess their relationship (temporal and pathological) to the clinical
manifestation of the disease. Their utility will depend on how early they mark
a process that ultimately leads to clinical dementia. In summary, preliminary
data suggest that the pupil assay is related to the pathological cascade of AD,
is a stable marker, and most importantly appears to be associated with a sig-
nificantly increased risk for developing clinical dementia.
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11
Implications of Early Diagnosis for the Development
of Therapeutics for Alzheimer’s Disease

David S. Knopman

Successful development of treatments for Alzheimer’s disease (AD) and
early and more accurate diagnoses of AD are complementary. One reinforces
the necessity of the other. Assessment of treatment effects will be improved
by earlier and more accurate diagnoses. In turn, the better the treatments, the
more motivation and justification there is to pursue diagnostic methods for
presymptomatic at-risk individuals and for earlier diagnoses in symptomatic
persons. With improved diagnostic methods, research in new treatments will
be facilitated by access to more diagnostically homogeneous populations.
When treatments are ready to enter general practice, early diagnosis will allow
treatment to be initiated earlier. This chapter reviews present and future sce-
narios of treatments for AD, and the diagnostic requirements of these treat-
ment options.

Range of Potential Pharmacological Treatment
Options

Treatment of AD might take one or more of the following forms. Different
diagnostic issues arise depending upon how early the diagnosis can be made,
what kinds of treatments are available, and what specificity the treatments
have for specific forms of AD (if subtypes exist). The state of our diagnostic
acumen has a major bearing on the feasibility of treatment under the more op-
timal scenarios. To be sure, at the present time, only palliative therapies exist,
but an explicit goal of AD research is to find treatments that are preventive,
arrestive, or curative. Consider first, different treatments as a function of stage
of disease at the time of diagnosis and the effectiveness of the therapy.
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Palliative Treatments

Palliative therapies are those that affect the symptomatic expression of AD,
but have no effect on the underlying biology of the disease. With potent pallia-
tive therapy, early diagnosis of symptomatic disease is of value because it is at
this point in the illness when the greatest benefits of palliative therapy are
likely to occur. At the point where the patient is closest to functioning at a pre-
morbid level, treatment will be likely to result in greater independence and
quality of life than later treatment. Outcomes such as allowing patients to live
in their own homes for a longer period of time is of great value to caregivers
and to the patients. By contrast, if diagnosis were delayed and treatment not
initiated until later when home residence was already marginally difficult, there
would be less value to all parties. Regardless of when palliative treatment was
initiated, benefits would gradually diminish over time. Eventually the patient
would decline to severe levels of disability with only palliative therapy.

If available pharmacological agents offer only palliation, presymptomatic
diagnosis would be of less value than if the treatment had some potential to
slow the underlying pathological progression. Politically and economically, if
palliative therapies alone were available, it would be hard to make a strong
case for diagnosing at-risk but symptom-free individuals. Thus, with only a
palliative therapy in the armamentarium, the diagnostic challenge would be to
diagnose the disease as early as possible in the symptomatic course. If the de-
gree of palliation were only modest, some critics might even question the need
for early diagnosis.

If palliative therapy resulted in some tangible change in the patient’s symp-
tomatic disease, it would be far more successful politically than if the therapy
merely stabilized the patient clinically. Reduction in the rate of worsening is
very difficult for treating physicians and caregivers to perceive, and conse-
quently can result in a return of nihilism and doubt about the treatment.

Preventive Treatments

The appearance of clinical disease is almost certainly a relatively late event
in the course of AD. There is growing evidence that the pathology of AD de-
velops over decades (1). Neuronal and synaptic loss may begin initially in the
years (or decades) preceding clinical manifestations. Preventive treatments
would be aimed at the initiating events in the preclinical disease.

A preventive treatment would be feasible only if the therapy could be eco-
nomically applied to an entire population or if presymptomatic diagnosis
were possible. Because treatment of the entire middle-aged and elderly popu-
lation would almost certainly be prohibitively expensive and logistically im-
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possible, the existence of a preventive therapy would certainly require diag-
nostic methods for identification of at-risk presymptomatic disease in order to
limit the number of individuals to be treated. As will be discussed later, the
primitive state of identification of at-risk individuals currently makes it very
difficult to conduct primary prevention trials. Progress in the diagnosis of at-
risk individuals is virtually a prerequisite for finding preventive treatments.

Arrestive Therapies

Arrestive therapies are those that slow down or possibly even cause the
symptoms of memory loss or impaired function to improve, but do not result
in a complete remission of symptoms. Arrestive therapies would have to have
some effect on the underlying tempo of the biochemistry of the disease.
Preventive and arrestive treatments could be thought of as similar, differing
only in the state of available diagnostic tools, and consequently, in the point
at which treatment can be initiated. Arrestive therapy would apply in the con-
text where diagnostic procedures existed only for symptomatic diagnosis. The
political and economic case for early symptomatic diagnosis would be far
stronger with the existence of an arresting therapy than it is for a palliative
therapy. Furthermore, evidence for arrest of the disease would be a powerful
impetus to extend the therapy to presymptomatic at-risk individuals. Still, ar-
restive therapy is of value to patients and families only if diagnosis occurs
early in the clinical course.

Some of the caveats regarding the detection of the effects of palliative treat-
ment also apply to arrestive therapies as well. An arrestive therapy that truly
stopped the disease in its tracks but resulted only in lack of progression rather
than improvement might still leave us with a major struggle to justify early di-
agnosis, compared to an arrestive therapy that produced obvious improve-
ments, at least temporarily.

Curative Therapies

The least plausible scenario for the next several decades, curative therapy,
seems highly unlikely if applied only when the disease becomes symptomatic.
The only effective “curative” therapy for AD is likely to be that of primary
prevention.

Different Treatments for Different Etiologies

It is plausible that AD is a syndrome due to different causes, and treatments
could emerge for some but not all of the causes. For example, among the se-
quence of events between altered cellular homeostasis, overproduction or al-
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tered production of �-amyloid deposition and neuron death (assuming that 
�-amyloid is pathogenetically important), there may be steps at one point in
the sequence where the disease is initiated in some, but not all, patients. By
analogy, consider the clotting cascade or disorders leading to hyperammone-
mia. If AD proved to have different biochemical initiators, diagnosis of the
“etiological type” of AD would be critical first at the stage of therapy devel-
opment and then later in using it in practice. Diagnostic methods for this cir-
cumstance would almost undoubtedly have to be biochemical or molecular,
rather than symptomatic or clinical, in nature.

Biological Effects Are Variable Across Individuals

There is good evidence for heterogeneity among individuals with AD on al-
most any parameter of the disease one wishes to consider. The variable ex-
pression of classical neurotransmitter deficits, and especially the variability of
the cholinergic deficit, are particularly relevant examples in the present era of
cholinomimetic therapies (2). The ability to diagnose patients with the treat-
able variants would be of great value for development and widespread use of
targeted treatments.

Treatment Since 1996

Prior studies of drugs to treat dementia using lecithin (3), ergot alkaloids
(4,5), and other agents failed to show obvious benefits. These earlier antide-
mentia clinical trials were plagued by numerous methodological difficulties,
some of which will be discussed later. Diagnostic problems were certainly a
big problem for studies before the 1980s. Definition of what constitutes ben-
efit or efficacy also was a major problem with earlier studies. Studies over the
past 10 years and especially in the past 2–3 years have established that
cholinesterase inhibitors have efficacy in treating AD. Consensus on method-
ology helped considerably in bringing about progress.

So far, the cholinesterase inhibitors appear to be purely palliative in effect.
There is considerable controversy over the magnitude of the benefit, but the
evidence is quite consistent now that enhancement of cholinergic transmission
has a salutory effect on the disease. Other cholinomimetic approaches, such
as muscarinic and nicotinic cholinergic agonists, are also under investigation.

Tacrine

Several well-designed studies have shown that tacrine has beneficial effects
on cognition (6,7); these effects can also be detected by physicians perform-
ing clinical interviews, and give an important lesson about the complexities of
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anti-AD drug development (8). Tacrine originally gained notice on the basis
of a short-duration study in which dramatic effects were claimed (9). The
original report was followed by a number of trials of varying lengths, varying
dosages, and varying sample sizes (10–15). Diagnostic issues did not play an
explicit role in the controversy over tacrine, but, to the extent that AD cholin-
ergic deficits or genetic factors are of variable symptomatic importance across
patients, our failure to recognize AD subtypes might have greatly hampered
our appreciation of the effects of tacrine.

There are many reasons why some early studies with tacrine were reported
as negative. The reasons relate to failures in understanding of its dose re-
quirements, its side effects and consequent attrition rates, and its effect size.
It appears that tacrine’s effects are most consistently seen when the daily dose
exceeds 80 mg/day. Some of the earlier negative studies used that dose or
lower doses. When the dose range of the drug was finally explored, 80 mg/day
proved to be too low. The dose of 80 mg/day may have a positive effect in a
few patients, but it may be short-lived.

A number of the early studies (10,12,13) began with rather small numbers
of subjects. Even without attrition, power to detect tacrine’s modest effects
was low. However, attrition was a large issue, as over half of patients begun
on tacrine are unable to tolerate the medication due to gastrointestinal or he-
patic side effects.

Comparing the tacrine-treated to the placebo-treated patients, the short-
term beneficial cognitive effects over 30 weeks (7) at the highest doses were
in the range of about 2.5 points on the Mini-Mental State Examination
(MMSE) (16) or about 4 points on the Alzheimer’s Disease Assessment scale-
cognitive (ADAS-cog) (17). The variability in response to tacrine across sub-
jects is immense, mirroring the placebo group’s variability. In the tacrine (160
mg/day)-treated patients who completed the 30 week trial, the improvement
in the MMSE was 2 points, but the standard deviation was 3.6 points. The
magnitude of the treatment effect and its degree of variability requires sample
sizes much larger than most of the negative studies. The duration of the trials
is another issue related to effect size that has generated much concern regard-
ing the conduct of clinical trials and benefits of tacrine. Given the high short-
term variability of tests such as the MMSE, including placebo effects, trials of
at least 6 months were necessary to show beneficial drug effects against the
background of variability of the disease. The clearest picture of the likely ef-
fects of tacrine on an individual patient comes from the cumulative distribu-
tion plots of cognitive test scores such as the MMSE or the ADAS-cog (see
Figure 2 in ref. 7). Compared to the placebo group, patients who titrated up to
160 mg/day of tacrine and remained on the drug through the course of the 30-
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week study were more likely to have improved performance compared to the
placebo group patients. Among those improving �4 points on the ADAS-cog,
40% of those treated with high-dose tacrine experienced such a change over
30 weeks compared to 25% of placebo patients.

Questions about the effect size and the clinical significance of tacrine were
raised as soon as positive results began to emerge. Neither the research com-
munity, the lay advocates or the FDA had a clear sense of what “clinically im-
portant” benefits really were. It will take years of experience before a
consensus emerges on the definition of a clinically important benefit of an anti-
AD drug. A recent assessment of tacrine’s long-term benefits suggested that
multiyear, high-dose tacrine use was associated with reductions in nursing
home placement (18). In this study, nursing home placement was used as a
proxy for the development of severe dementia, an assumption that may not be
entirely valid. The reduction in nursing home placement was of the magnitude
of about 400 days for the point at which 25% of low-dose patients entered nurs-
ing homes versus the time point at which the higher dose patients entered nurs-
ing homes (see Figure 2 in ref. 18). The reduction in the odds ratio of nursing
home placement was about 2.7. From a clinical point of view, a reduction in
nursing home placement of this magnitude seems clinically important both for
individual patients and for populations. This study was not controlled, and
hence there remains uncertainty over the causal role of tacrine on outcome.

The side effects and dosing regimen of tacrine have been an impediment to
the drug’s acceptance. The gastrointestinal (GI) side effects have been a major
reason for tacrine discontinuation in ordinary practice, to the same extent as
was seen in clinical trials. The alanine transaminase (ALT) elevations have
proved to be more benign than originally thought (19), but 29% experience a
threefold elevation of ALT and 6% of patients experience elevations in levels
of ALT more than 10 times the upper limit of normal. The current package in-
sert for tacrine states that the drug should be discontinued when ALT levels
reach five times ULN. To my knowledge, no instances of chronic hepatitis
have been documented as due to tacrine therapy.

One of the other barriers to widespread use of tacrine has been the need for
laboratory monitoring. Mobility may be a problem for some patients and care-
givers—making trips to a clinic for blood tests may be a burden. Its four times
a day dosing requirements also pose substantial logistical problems for the typ-
ical dementia patient. It may be impossible to ensure compliance among AD
patients who live alone, or whose caregiver sees them only some of the day.

The variable response to tacrine is an area in which diagnostic advances are
needed. It would be very surprising if the same issue does not affect all of the
pending cholinomimetic drugs. The distribution of responses to tacrine was
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gaussian, implying that there are not distinct subsets of responders and non-
responders. The fact that there were no subsets of responders does not mean
that different patients have differing pathology in cholinergic and noncholin-
ergic pathways. The wide differences strongly suggests that characterization
of the biological substrate for tacrine’s effect might lead to selective use of
tacrine and other cholinomimetic drugs only in selected AD patients. For ex-
ample, neuropathological and neurochemical data show that 1) some patients,
mainly older ones have a biochemical profile in which noncholinergic deficits
are modest or nonexistent and cholinergic deficits are marked (20), 2) some
patients appear to have primarily septal-derived deafferentation of the hip-
pocampus whereas other patients have primary entorhinal-derived deaf-
ferentation (21), and 3) ApoE effects on response to tacrine, while complex,
suggest different responses between �4 and non-�4 carriers (22).
Diagnostically, it is important to try to develop methods for predicting which
patients are likely to respond to cholinesterase therapy.

The experience with tacrine has proved to be a valuable in identifying im-
pediments to treatment in AD patients. Ease of administration and lack of tox-
icity proved to be more tangible problems than concerns about efficacy. It
seems to have been easier to convince a caregiver to allow the patient to try an
anti-AD drug by noting that “it might do something, but it doesn’t have any
side effects,” as compared to saying “it definitely has benefits but it does have
some side effects.” As of late 1997, it is probably unlikely that many new pre-
scriptions are being written for tacrine because of the availability of
donepezil.

Donepezil

The second cholinesterase inhibitor to be approved by the FDA was
donepezil. It was given final approval by the FDA on November 26, 1996.
Donepezil entered the market in mid-January 1997. Although there are no
published data on the number of prescriptions written since its introduction,
anecdotal evidence suggests that donepezil is being widely prescribed to pa-
tients with AD.

In two 12-week studies (23,23a), and a 24-week study (24), donepezil pro-
duced statistically significant beneficial effects in cognition and clinician’s
global assessments. Donepezil rapidly replaced tacrine as the first-line drug
for AD. No unexpected adverse effects have occurred in postmarketing expe-
rience.

It is difficult to compare the treatment effects between tacrine and
donepezil due to differences in analytic methods and other factors, but the ef-
fects appear quite similar. The cognitive assessment instrument was the same
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between the 30-week tacrine trial and the 24-week donepezil trial, but the
global assessment instruments were somewhat different in their methodolo-
gies. In addition, the donepezil study used an intent-to-treat analysis, captur-
ing all patients who took double-blind study medication and had at least one
follow-up assessment, in the setting where nearly 70% of high-dose-treated
donepezil patients completed the study. By contrast, an intent-to-treat analy-
sis of the 30-week tacrine study captured only ∼30% of high-dose tacrine sub-
jects with complete 30-week data. Comparison of mean scores on the
ADAS-cog between intent-to-treat populations shows an slight advantage for
donepezil. While some might criticize the comparison as biased, at the least,
donepezil appears to be as effective as tacrine.

In contrast to tacrine, donepezil is given as a once a day dose, and it does
not require laboratory monitoring. Furthermore, donepezil treatment is not as-
sociated with high attrition rates: cholinergic-GI toxicity appears to be much
less intense than tacrine. The lower rate of peripheral cholinergic effects is
thought to be due to the selective acetylcholinesterase inhibition produced by
donepezil. Donepezil has much less activity for butyrylcholinesterase inhibi-
tion (27,28). Inhibition of peripheral butyrylcholinesterases is thought to me-
diate many of the cholinergic side effects of cholinomimetic drugs.

It is not yet clear whether donepezil’s availability in routine clinical prac-
tice has had an impact on the probability of early diagnosis of AD. A treat-
ment that is perceived as effective and free of side effects might spur primary
physicians, neurologists, and psychiatrists to make earlier diagnoses of AD
than they were willing to do in the tacrine era or the no-treatment era. On the
other hand, if the efficacy of donepezil is similar to that of tacrine, its percep-
tion as a palliative therapy may fail to spark enthusiasm in the primary care
community. Obvious demonstrations of benefit are infrequent with purely pal-
liative therapies, and without personal experience with seeing improvement
with donepezil, tacrine, or the other agents to be discussed next, the motiva-
tion may still not be there to seek diagnoses of AD aggressively.

New Cholinesterase Inhibitors 
and Muscarinic Agonists

A controlled release form of physostigmine has also been shown to have
efficacy in AD. Thal and colleagues (25) have reported positive results that
are very similar in magnitude to those observed with tacrine and donepezil in
a study of similar design and length. While physostigmine can be adminis-
tered as a twice-a-day dosage, it is associated with a moderate amount of
nausea and vomiting. It has been subsequently withdrawn from further de-
velopment.
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Rivastigmine a cholinesterase inhibitor, has effects that appear very similar
to tacrine and donepezil in terms of efficacy parameters (26,27). Its side-
effect profile is quite favorable, with only GI side effects common. The GI
side effects are a function of dose, as with other cholinesterase inhibitors. It is
administered as a bid dose, making it more convenient than tacrine but less
than donepezil. It was approved by the US FDA in May 1999.

Metrifonate (28,29) also has efficacy in mild to moderate AD. It is dosed
once per day. Concerns about somatic muscle weakness leave metrifonate’s
future uncertain.

Galantamine, another cholinesterase inhibitor with possible nicotinic mod-
ulating properties, is under active investigation and has recently been submit-
ted for approval to the FDA. Possible future trials of this drug with mildly
cognitively impaired subjects are under discussion.

There are several muscarinic agonists that had been subjected to clinical tri-
als. Neither xanomeline (30) nor SB202026 (31) showed improvement on
both objective mental status examinations and clinician’s global assessments. 

Other agents

Evidence supporting a role for antioxidants in AD has come from a large-
scale clinical trial using the antioxidants selegiline and alpha-tocopherol (vit-
amin E) published in 1997 (32). In this trial from the Alzheimer’s Disease
Cooperative Study (ADCS) Group, therapy with selegiline and tocopherol
each (but not in combination) resulted in a delay of about 8 months in reach-
ing the endpoints associated with severe dementia, in comparison with the
placebo group. These findings, coupled with the very favorable safety and
cost profile of vitamin E, suggest that it can be recommended to most patients
with AD. The implications of these findings for treatment of mild or incipient
AD are not clear, but are to be the focus of subsequent investigations. If the
mechanism of action of vitamin E in moderately severe dementia involved in-
terruption of oxidative injury, it is plausible, but by no means assured, that
such a mechanism would also be beneficial earlier in the disease.

For the other therapeutic classes of potential anti-AD drugs, there is no de-
finitive data from adequately powered clinical trials. Based on epidemiological
evidence, most recently a prospective study (33), and neuropathological evi-
dence (reviewed in Ref. 34), antiinflammatory agents are a particularly excit-
ing class of potential anti-AD therapies. One placebo-controlled trial with 
an antiinflammatory drug, indomethacin, has been reported to date (35). Inter-
pretation of an effect for the drug was hampered by a high attrition rate due to
its gastrointestinal toxicity. A multicenter trial of prednisone in AD under the
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auspices of the ADCS will be presented shortly. While prednisone is unlikely
to be the agent of the future for AD, a positive outcome would provide proof
of the concept. Nonsteroidal antiinflammatory drugs such as celecoxib with far
less gastrointestinal toxicity however, are in clinical trials (34).

There is considerable interest in the protective action of estrogen, but the
evidence so far comes from epidemiological studies (36–38b) and small clin-
ical trials (39,39a). Investigation of the potential value of estrogen in sympto-
matic AD is being carried out by the ADCS and other groups (39b,39c). A
large prospective study by the Women’s Health Initiative of nondemented sub-
jects is ongoing (40), but its conclusion is years away.

There has been growing anticipation about clinical trials using a 
-secretase
inhibitor. The purpose of such an agent would be to reduce the production of
A� by altering the cleavage of the amyloid precursor protein (APP) (41,41a).
As reviewed in Chapter 4, A� has been strongly implicated in the pathologi-
cal cascade of AD. Recently, researchers at Elan Pharmaceuticals reported
that in a transgenic mouse model of Alzheimer’s disease, immunization with
A� prevented the development of amyloid plaques and dystrophic neurons in
young animals, and slowed and partially reversed the progression of existing
pathology in older animals (41b). Additional research is planned to determine
the clinical significance of these findings (41c).

Methodology of Clinical Trials as it Relates
to Diagnosis

The formulation of diagnostic criteria for AD (“probable AD”) (42) by a
panel appointed by the National Institute of Neurological and Communicative
Disorders and Stroke and the Alzheimer’s Disease and Related Disorders
Association (NINCDS-ADRDA) antedated the current era of clinical trials.
The NlNCDS-ADRDA criteria for probable AD have proved to be one of the
least controversial areas in clinical trials methodology recently. This is due to
thoughtfulness of their construction but also to their very conservative nature.
Very little modification of diagnostic criteria for probable AD for clinical tri-
als has occurred over the past 10 years, even while major changes have come
about in other areas of trial design. Recently, ApoE genotyping has been
added to allow subtyping of enrolled patients (e.g. Ref. 22), although its value
remains unclear.

Despite the success of the current criteria for probable AD, there are not-
able deficiencies. At least 13% of patients included in clinical trials can be as-
sumed to have non-AD pathology primarily based on the experience of the
Consortium to Establish a Registry for Alzheimer’s Disease (43). The pres-
ence of such patients with non-AD dementias must increase the variance as-
sociated with the treatment effect. Even if non-AD patients are evenly
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distributed across treatment groups, and assuming that non-AD patients derive
no benefit from a truly effective treatment, the effective sample size will have to
be that much larger than if diagnostic certainty were higher. Thus, a diagnostic
test that reduces the number of non-AD patients in clinical trial samples could
increase the efficiency of clinical trials. The diagnostic method would have to
be at least as sensitive as current methods, so as not to eliminate true AD pa-
tients, and it would have to be substantially more specific than current clinical
criteria, so as to reduce the number of non-AD patients who enter trials.

A nearly uniform practice in current clinical trials is to employ a restricted
range of scores on the MMSE (16) as an inclusion criteria. The upper limit is
our concern here: patients with MMSE scores of >26 are excluded from tri-
als. The rationale for excluding probable AD patients who score >26 on the
MMSE is twofold. First, the criteria is intended to eliminate individuals
whose cognitive impairment may be due to something other than dementia.
Patients with low educational achievement and patients with lifelong, static
cognitive deficits may score 26 or below. The other argument that is used to
justify excluding mild patients is their slower rate of decline on cognitive tests
compared to patients with lower baseline MMSE scores. Several studies have
shown that rate of decline exhibits an inverted U-shaped function (44,45),
such that milder patients decline less than patients in the mid range of mental
status. For efficiency in terms of sample size and trial duration, inclusion of
mild patients poses a burden on the research program in terms of misdiagno-
sis and an increased likelihood of no decline among placebo-treated subjects.

The unfortunate effect of the exclusion of very mild AD patients from clin-
ical trials is to reduce the demand for early diagnosis at the present time. If a
diagnostic test were to become available that allowed patients with mild dis-
ease to be diagnosed with AD with higher certainty, the issue of raising the
maximal entry score on the MMSE could be revisited. Unfortunately, the
issue of slower rate of decline would remain and might be a reason for con-
tinuing to exclude such patients. The additional capability of identifying pa-
tients likely to experience rapid decline would be very useful here.

It is possible that an improved diagnostic method for AD would reduce the
number of patients excluded from clinical trials due to the presence of other
illnesses that are possibly contributory to the dementia. Among the common
nonneurological illnesses that may coexist with AD are concurrent use of psy-
choactive medications, depression, vitamin B12 deficiency, and hypothy-
roidism. The two most common neurological diseases that overlap with AD
are Parkinson’s disease and vascular dementia. It is becoming increasingly
clear that dementia due to pure Lewy body pathology (46) or pure vascular
pathology (47) in the absence of AD pathology is quite rare. On the other
hand, the extent to which both types pathological lesions coexist and amplify
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the dementia of AD is probably underestimated at present (46,48). Thus, if
one of the nonneurological conditions, stroke or some element of
Parkinsonism were present clinically in a demented patient, a positive diag-
nostic test for AD might allow that patient to be included in a trial. It is pos-
sible that patients with other disorders, if included in clinical trials, would
increase treatment response heterogeneity. However, if AD is the dominant
driving force of the dementia, then broadening access by using a diagnostic
test for AD might not increase variance.

Clinical Trials for Early Alzheimer’s Disease
and At-Risk Individuals

Until recently, there have been no trials aimed at prevention of AD in pre-
viously nondemented individuals, or in patients at risk for AD. Formidable
methodological problems stand in the way of a primary prevention trial.
Diagnostic identification of at-risk individuals is a major component of the
methodological challenge of successful development of drugs to prevent AD.
There are two diagnostic issues: identifying at-risk individuals and diagnos-
ing incident dementia in the course of the trial.

Without the use of a diagnostic method for identifying at-risk individuals,
prevention trials must be large, long or both. The incidence rate of AD in the
general population over age 65 is low enough (49–51) that studies of a mini-
mum of 3 years duration that include several thousand individuals are re-
quired. The Women’s Health Initiative Memory Study (40) has enrolled 8000
women and will take 7–10 years to complete, for example. Alternatively, there
would be a cost to reduce the size of the study population, because the num-
ber of individuals screened to participate would have to be quite large. Still,
the added costs of screening would likely be less than the costs of following
a much larger cohort for twice as long, for example.

In a clinical trial of an agent intended to prevent AD among at risk individ-
uals, there will be different demands on the diagnostic methods depending
upon whether they are clinical or biological. The clinical method is to look for
individuals with some evidence of cognitive impairment. For example, sup-
pose that criteria were used in which older individuals who were at risk were
identified by performance on a battery of psychometric testing (see Chapter
8) (52–56). It is critical when using such criteria to ensure that potential par-
ticipants who were identified by the cognitive screen had normal function in
daily living. The diagnostic challenge would be to exclude patients who were
actually demented at the time of entry. Exclusion criteria would be required
that used methods to identify functional impairment or deficits in areas other
than memory. Ironically, it appears that improvements in the most traditional
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and conceptually simple of methods of the diagnosis of dementia, relating to
decline in daily function from a previously higher level, is necessary to solve
this problem. These challenges are being addressed in a recently initiated
study of patients with mild cognitive impairment.

The alternative to clinical diagnostic methods would be to use some sort of
biological marker many of which are discussed in this book. A biological test
that identified at-risk patients (that turned positive with “presymptomatic” dis-
ease or was inherited) would be of value here only if it predicted that the clin-
ical disease would begin within the time frame of the study. Practically
speaking, for a biological marker to be useful in identifying at-risk individuals
for clinical trials, the test would have to predict AD to appear clinically within
2 to 3 years. Alternatively, a biological marker could be coupled with a clini-
cal marker of incipient dementia. As an example, Petersen and colleagues (54)
found that ApoE genotyping was a strong predictor of incident AD among in-
dividuals who at entry into the study had isolated memory impairment.

Determining the outcome measure in a prevention trial presents different
problems. There are two choices of outcome. One would be a clinical diag-
nosis of AD, with the attendant difficulties alluded to above. To make a diag-
nosis of incident dementia in a clinical trial with credibility, the research
program would have to present unimpeachable evidence for the absence of de-
mentia at baseline. The alternative approach that provides greater objectivity
of baseline versus endpoint differences would be psychometric testing.
Exceeding some relative or absolute difference between baseline and follow-
up would serve as the endpoint. A psychometric endpoint has advantages in
that reliability is much higher. On the other hand, minimizing a psychometric
change would not be as convincing (to the interested parties: lay people, in-
surers, FDA) as prevention of dementia itself.

Effect of Diagnostic Certainty and Earliness
of Diagnosis on the Use of anti-AD Drugs
in Clinical Practice

In current clinical practice, it is well-known that patients with AD are not di-
agnosed until several years of symptoms have been present (57,58). At present,
the interplay between treatment options and diagnosis is poorly understood.
There are few data on whether or not practicing physicians require a diagnosis
of probable AD before using tacrine, for example. The uncertainty surrounding
tacrine made it difficult to know if the extant nihilism about early diagnosis and
treatment of AD among primary care physicians was due to tacrine’s reputa-
tion or to negative perceptions about AD. As other therapies enter the market,
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will interest in diagnostic precision for AD increase, decrease or remain at the
present low level? Once a treatment gains the popular perception that it is ef-
fective, there will be created a rather dramatic paradigm shift in how clinicians,
family members and health plan administrators view dementing illness. With
appropriate physician education on the benefits of early treatment and on im-
proved methods of early diagnosis, one would hope physicians would be mo-
tivated to diagnose and treat AD more aggressively.

The reality is that major changes in clinical practice are slow in achieving
widespread penetration. Diagnostic and treatment issues that those in the acad-
emic and research communities take for granted may sound like obscure jargon
to primary physicians, simply because such issues have had little relevance in
actual practice up to now. New methods of diagnosis will be helpful, but in-
creasing skill levels for using current clinical criteria must also occur. For ex-
ample, treatment of AD associated with other illnesses might be appropriate in
the clinical practice setting, whereas it was not in the research setting.
Physicians will have to understand the definition of dementia and how it differs
from delirium and depression, above and beyond possessing an accurate labo-
ratory marker for AD. Physicians also will have to understand the different
stages of AD if they are going to understand the effects of treatment over time.

If an effective preventive agent against AD were discovered, there would be
strong motivation to begin population screening for at-risk individuals.
Efficient methods for population screening similar to those described above
will need to be developed. This will be the only way to circumvent the prob-
lems of poor detection of AD in routine practice. As more patients come under
managed care, and if managed care organizations begin to assume risks for
long-term care, it could become cost-effective for health care delivery systems
to attempt to prevent the onset of dementia and the subsequent need for long-
term care. The cost-effectiveness will depend upon the balance between costs
of screening, costs of treatment, and costs of long-term care. Looking into the
future, the efficacy of treatments for AD will determine how aggressively
health-care systems will mandate early diagnosis, in effect shifting the re-
sponsibility for diagnosis from patient and physician to the health system.
Mandated early diagnosis of AD would raise many ethical questions, which
are discussed in Chapter 12.

Benefits of Early Diagnosis 
for Nonpharmacological Treatments

Informal observation of practice patterns relating to AD at the present time
suggests that nonpharmacological interventions in AD are not perceived as 
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sufficiently valuable to justify early diagnosis. That reality is unfortunate be-
cause there are a number of nonpharmacological interventions that are impor-
tant at an early stage of the symptomatic illness. Interventions in patients with
incipient or very mild AD can enhance present safety and facilitate future plan-
ning. Employment decisions could be of critical importance in the case of pa-
tients who might still be working. Or, consider the case of driving. While there
may be many instances in which patients with mild AD can still drive (59),
there probably are some patients who should not drive, and there are some in-
stances where and when otherwise safe drivers should have a “copilot” (60).

Financial planning could be an important issue, especially when there is a
spouse involved or there are substantial assets. Patients who have responsibil-
ity for checking accounts, etc need to involve others to avoid financial mis-
steps. Planning for future care should be an increasingly important aspect of
geriatric management. Patients should be given choices about future care;
being cognitively intact when making the decisions is an obvious necessity.

Prevention or reduction of the risk of delirium could be another important
benefit of early diagnosis. Delirium is a complication of acute illness that oc-
curs in a minimum of 10% to 20% of hospitalized elderly (61,62). Patients
with delirium have nearly double the length of stay compared to those who do
not experience delirium (62). Cognitive impairment that antedates the hospi-
talization is a recognized risk factor for the development of delirium (61,62).
It is likely that most of the preexisting cognitive impairment represented AD.
Clinical trials that have attempted to reduce the incidence of delirium itself or
the rate of complications of delirium have not so far been successful, but per-
haps that is because recognition of prior cognitive impairment needs to begin
at the hospital door, not 24 hours into an ICU stay (63).

Cognitive impairment contributes to the risk of events such as falls in the
elderly and medication misuse. Early recognition of cognitive impairment
might also play a role in preventing misadventures with medications. Imagine
the scenario of an elderly individual being instructed in the use of a new med-
ication, to be taken several times per day, possibly with various restrictions on
what to take it with. It seems highly likely that the medication will be incor-
rectly used, leading either to iatrogenic complications or to undertreatment of
the underlying disease. There is no data on how often this might occur in un-
diagnosed AD, but it is hard to believe that such events don’t occur.

Summary

Early diagnosis of AD coupled with effective early treatment may dramat-
ically change the current approach to the disease. With some luck and the con-
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viction that we can change our society’s generally nihilistic view of geriatric
illnesses, early diagnosis and treatment of AD can improve the quality of life
for many elders in the years ahead.
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An Ethical Context For Presymptomatic Testing 
in Alzheimer’s Disease

Kenneth S. Kosik, Stephen G. Post, and Kimberly A. Quaid 

Shall it be male or female? say the fingers
That chalk the walls with green girls and their men.
I would not fear the muscling-in of love
If I were tickled by the urchin hungers
Rehearsing heat upon a raw-edged nerve.
I would not fear the devil in the loin
Nor the outspoken grave.

—Dylan Thomas

Introduction

Myths—from Adam eating the forbidden fruit to Faust exchanging his soul
to the Devil—teach us that profound knowledge can be a dangerous thing. The
danger lies in knowing the future. Among the modern temptations toward a
knowledge that may hold dangers as well as rewards is the genetic code.
Although increasingly detailed probing of our own genomes seems inevitable,
the appropriate uses of this information are much debated. The Faustian myth
teaches us that a quest for knowledge, despite its price, is part of human na-
ture. What is the price of knowing our genes? 

If we learn that lying quietly within our genome is a mutation that will cause
a disease when we reach our third, fourth, or fifth decade, then this knowledge
can be the source of overriding despair. In a relatively small, but heuristically
vital group of patients, Alzheimer’s disease (AD) is caused by any of several
mutations. Current estimates suggest that 1–3% of all cases of AD are caused
by known genetic mutations. These scientific advances have forcefully put the
issue of genetic testing before us. The ease with which genetic testing is done
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leads to pressure on patients from many directions, including the physician who
is enthusiastic about the new technology, but has not considered the profound
personal and psychosocial implications of genetic testing, particularly the po-
tential consequences for education, employment, and insurance. Ideally, an in-
dividual should have the right to know his or her genetic profile without the
burden this knowledge creates in the hands of others. In a recent editorial
President Clinton stated: “. . . none of our discoveries should be used to label or
discriminate against any group or individual. With stunning speed, scientists are
now moving to unlock the secrets of our genetic code. Genetic testing has the
potential to identify hidden inherited tendencies toward disease and to spur early
treatment. But that information could also be used, for example, by insurance
companies and others to discriminate and stigmatize people” (1).

Genetic Markers for the Presymptomatic
Diagnosis of Alzheimer’s Disease

There are three known genetic loci where mutations cause a fully penetrant
form of AD most distinctly characterized by an early age of onset. These loci are
the presenilin 1 (PS-1) gene on chromosome 14 (2), the presenilin 2 (PS-2) gene
on chromosome 1 (3), and the amyloid precursor protein (APP) gene on chro-
mosome 21 (4). Five mutations have been described in APP, which lead to AD
and a sixth mutation (A692G) that can lead to AD or cerebral hemorrhages (5).
At this time approximately 45 different mutations in PS-1 have been described,
and all but one of these are missense mutations. The single exception is an in-
frame deletion of exon 9 (6). Among the families that harbor mutations in PS-1
is the extended Colombian family, which represents the largest kindred in the
world with familial AD (7). In PS-2, two different mutations have been de-
scribed, one of which is found in another very large kindred known as the Volga
Germans. All of these mutations cause an inherited form of AD that is clinically
and pathologically indistinguishable from sporadic disease except for the early
age of onset. Although specific cases vary greatly, the disease onset with APP and
PS-2 is about a decade later than PS-1 mutations, which often have an onset in
the 40s. However, even within families that carry the same mutation there may
be more than a 20-year span in age at onset, and therefore it is not possible to pre-
dict when the individual carrying a mutation will develop the disease. All of these
mutations are fully penetrant autosomal dominant, and therefore, if the individ-
ual lives long enough, the disease will inexorably develop. (There are exceed-
ingly rare anecdotal reports of individuals with an Alzheimer-type mutation who
escape the disease and therefore a more conservative estimation of disease oc-
currence with a mutation is probably higher than 99%, but less than 100%.)
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The determination of genetic risk factors represents an entirely different
genetic approach. In contrast to the fully penetrant mutations described
above, having a genetic risk factor increases the odds of getting the disease.
Among the many examples are mutations in the breast and ovarian cancer
susceptibility genes BRCA1 and BRCA2, or mutations in the APC gene that
increase the likelihood of developing colon cancer. There are data suggesting
that the presence of one or two apolipoprotein E (ApoE) �4 alleles increase
the risk of developing Alzheimer’s disease (reviewed in refs. 8 and 9 and
Chapter 5). Key to interpreting this information is knowing how much of an
increased risk an ApoE �4 allele confers. While many studies have attempted
to calculate the increased risk, there remains a lack of consensus about the
significance of ApoE, particularly in distinct ethnic groups. Certainly risk
factor information has clear health implications for breast or colon cancer,
diseases in which screening may detect early-stage tumors and be life-
saving. In Alzheimer’s disease, preventive strategies do not now exist. This
unfortunate fact leaves ApoE risk testing with no clear discernible clinical
use and great potential for misuse.

Like many genetic tests that assess risk, an ApoE4-positive test does not
imply that the individual will get Alzheimer’s disease and a test with negative
results does not imply the individual will avoid the disease. In fact, ApoE sta-
tus changes the likelihood of AD by a very small degree (10.) Other factors,
such as gender or occurrence of the disease among relatives, also modestly in-
fluence the risk of AD. For example, the theoretical 90-year lifetime risk for
AD among first-degree relatives (parents, siblings, and children) of rigorously
diagnosed probands is about 50%, a figure that does not differ from the auto-
somal inheritance patterns observed in early-onset probands. However, com-
peting mortality associated with late-onset disease results in the expression of
Alzheimer symptoms within relatives’ actual lifetimes in only about one-third
the number of those who carry a theoretical risk. Therefore, the actual lifetime
risk of Alzheimer-like illness is not 50%, but instead about 19% for first-
degree relatives of probands, 10% for second-degree relatives, and 5% for
population controls. At any given age, first-degree relatives of AD probands
appear to have three to four times the risk of progressive dementia observed
in population controls (11).

For insurance companies whose livelihood is based on the accurate mea-
surement of risk in populations, the ApoE test is potentially very useful de-
spite its lack of sensitivity or specificity. The widespread use of ApoE testing
and the difficulties in keeping medical information invisible to third-party
payers only means that ApoE testing may further erode our protections in ob-
taining health insurance and will certainly affect actuarial calculations used to
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establish policy in long-term care and life insurance. Because there is still an
incomplete understanding of exactly what the risks of a positive ApoE test are
in different populations and because the distribution of the ApoE alleles dif-
fers significantly among various ethnic groups, the test is rife with the poten-
tial for misinterpretation and the drawing of false conclusions with serious
repercussions.

In addition to ApoE several other polymorphisms have been to reported to
confer an increased risk of AD. Although the data to support an enhanced risk
has not been reproducibly substantiated for any of these genes, the likelihood
that such genes exist is high. The wide age range of disease onsets among pa-
tients that carry an identical mutation and share a similar environment
strongly suggests a genetic modifier effect. Although the ApoE genotype may
influence age of onset among patients with APP mutations, the ApoE allele
distribution in patients with PS-1 mutations does not correlate with age of
onset. A second recently described modifier gene is the HLA-A2 allele (12).
Collectively, these findings indicate that genetic factors modulate age of
onset.

Nongenetic Markers for Presymptomatic
Diagnosis and Their Significance

One of the most promising types of nongenetic presymptomatic testing cur-
rently on the horizon for AD is brain imaging. Most of the more recent imag-
ing studies utilize MRI scans to determine the volume of key brain regions
known to be targeted by the disease process. Using MRI techniques, with their
emphasis on anatomical detail, the regions that appear most affected in early
dementia are the hippocampus and neighboring medial temporal structures
(13–21). Although few studies begin with an asymptomatic group, the re-
ported results in a longitudinal study (22) suggest that elderly individuals des-
tined to become demented have smaller hippocampi when first scanned and
have a more rapidly progressive atrophy of the temporal lobe. Metabolic la-
beling techniques such as [18F]fluorodeoxyglucose positron emission tomog-
raphy have also shown some tentative success in presymptomatic diagnosis
(23–26). Mostly metabolic alterations in the temporal and parietal cortices
have been described, although, more recently, hypoperfusion in the posterior
cingulate cortex was also noted (26,27). SPECT scans, a technique that usu-
ally uses [99mTc]HMPAO, provides similar metabolic information for a con-
siderably lower cost than PET scans. Eventually, direct imaging of the amyloid
burden in living individuals is likely to become the diagnostic modality of
choice because there is a lengthy interval of more than a decade between the
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first appearance of plaques and the onset of symptoms. Other surrogate mark-
ers are also being explored, including mitochondrial abnormalities (28), pupil-
lary dysfunction (29), and more powerful neuropsychological instruments,
including controlled and standardized simulations of real life situations using
virtual reality. 

Entangled within the problem of a presymptomatic test is defining the point
of disease onset. In the case of cancer diagnosis there are clear histological
criteria for what constitutes a precancerous lesion. For AD, the clinical diag-
nosis is based on cognitive impairment, and the definitive diagnosis is based
on the presence of senile plaques and neurofibrillary tangles in the brain (30).
It is well-established that senile plaques, and probably neurofibrillary tangles,
precede the onset of clinical AD by many years. We therefore are presented
with a quandary: do we diagnose AD in an asymptomatic individual with
plaques and tangles or do these lesions in the absence of dementia represent a
presymptomatic marker?  Caution is imperative in applying the Alzheimer
label even in the presence of plaques and tangles because cognitively normal
individuals with these lesions are known (31). While the possibility of having
histological data on a non-demented individual may seem remote, it is possi-
ble. For example, an asymptomatic patient may have a meningioma removed,
and AD changes are found at the tumor margin. More germane to the argu-
ment here is whether the presence of any brain changes might be construed as
disease in an asymptomatic patient. An abnormal brain scan in an asympto-
matic individual probably does affect some neuropsychological function even
in those who test normal with current instruments. 

Another more common setting in which the meaning of presymptomatic di-
agnosis may be ambiguous is in individuals who complain of a cognitive im-
pairment, but who perform normally on neuropsychological tests. This
problem usually affects those who perform in the superior range, perhaps be-
cause current neuropsychological instruments are insensitive to small decre-
ments at the higher range of function. In these cases the individual is
symptomatic, and, if the complaint is coupled with an abnormal brain scan
suggestive of AD, some clinicians might be inclined to diagnose AD.

Distinguishing between a positive presymptomatic test and the diagnosis of
AD carries important ethical implications because a positive result in either a
genetic or nongenetic presymptomatic test is not tantamount to having the dis-
ease. In fact, “presymptomatic” by definition, means the tested individual
whether with or without a mutation does not have the disease as defined by
the presence of clinical dementia. The importance of this rule is that it leaves
no basis for discrimination against a person based upon his or her genetic fate;
on the other hand, individuals who carry a mutation are not entitled to special
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benefits or disability. AD begins when there is detectable cognitive impair-
ment. Other presymptomatic tests, such as the findings detected using pupil-
lary dilatation techniques, presumably represent the effects of the disease on
body physiology that occur before dementia becomes apparent. For all such
nongenetic tests it will be necessary to know the interval between the time
when the test results turn positive and the first appearance of dementia. The
detection of PS-1, PS-2, or APP point mutations in those rare cases of famil-
ial AD is possible in affected individuals, unaffected family members, and
even the unborn fetus of a pregnant women. Thus, the detection of mutations
represents the earliest form of presymptomatic diagnosis; other means to di-
agnose AD all rely on steps in the disease process that occur well after the for-
mation of the zygote.

Who Gets Tested

By far the most salient reason that presymptomatic testing for AD poses
such ethical problems is the absence of a treatment. If an effective treatment
that carried little risk were available, presymptomatic screening would be
used widely the way blood pressure measurements are for the detection of hy-
pertension as a risk for heart disease and stroke. Family members of patients
who harbor one of these mutations are all candidates for presymptomatic test-
ing; however, a strong note of caution regarding the premature introduction of
genetic testing for AD was struck in a recent consensus statement (32) and in
an experience with early-onset familial AD in Sweden (33). Presymptomatic
genetic tests entail many additional considerations because of the implica-
tions, not only for the tested individual, but also for members of the family.
Predictive genetic testing should not be undertaken without the expressed per-
mission of the patient, the assurance of confidentiality, the protection of the
information from access by anyone other than the patient, and the availability
of counseling services both before and after the testing. An approach to ge-
netic counseling with several pre- and post-test visits to the counselor has
been defined for unaffected members in families with Huntington’s disease
(34,35) and has been modified for use in AD (36).

Because the mutations that cause AD are rare and only account for about
half of all early-onset inherited AD, screening of individuals who lack a fam-
ily history is not indicated. Another type of pitfall applies to families in which
AD is inherited, but the affected members have not been tested. If a member
of such a family requests testing for the known mutations and the result is neg-
ative, the patient still has a significant chance of getting AD. The counselor
must not convey false assurances in this setting. Once the counseling support
services are in place, the use of genetic testing in symptomatic individuals is
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a more accepted practice. However, in this circumstance the tested individual
must understand that the results imply genetic information about family mem-
bers who may not care to know their genetic status.

Although in those 1–3% of families that carry an AD mutation, it is possible
to predict whether one will get the disease, the age of onset cannot be pre-
dicted. Often people say they want genetic testing for planning purposes, but
because onset can vary more 20 years, even among individuals who carry the
same mutation, planning may be difficult. Some of the youngest ages of onset
occur in PS-1 mutations that range from 29 to 62 years, a span that is skewed
somewhat earlier than patients with APP mutations, which range from 37 to 65
years (37). The greatest range of onsets is seen in the Volga German families
with a mutation in the PS-2 gene and range of onsets from 40 to 82 years. On
the other hand, there are some small families and even unrelated kindreds who
share a common mutation, such as the His163Arg mutation found in American,
Canadian, French, and Japanese families, all of whom have similar ages of
onset. Some studies suggest that the ApoE allele may modify the age of onset
in patients with APP mutations (38,39), but not with PS-1 mutations (40–42).

An important guideline is that children should not be tested. By 8 to 10
years of age, children in families that harbor a mutation may be acutely aware
of their risk. Nevertheless, there are numerous reasons why testing should not
be done. Among the reasons are that the child could be stigmatized by the par-
ents and others, and the knowledge represents a burden no child should bear.
Further, our views evolve greatly throughout life, and therefore the child’s
wishes with regard to testing may differ greatly upon reaching maturity.

Prenatal testing for AD raises a number of serious ethical issues. When
screening in utero for childhood diseases, there is often agreement that the
burden of a genetic disease present at birth is unacceptable. In such cases the
parents assume the well-accepted role of making a decision for an unborn
child. More problematic is the burden of a genetic disease that begins in adult-
hood. Can the parents responsibly make a decision for a future adult? A first
approximation toward the solution of many ethical dilemmas is introspec-
tion—to imagine ourselves in such a situation and examine our own feelings
concerning the various options. But the decision may remain difficult, and this
issue has been specifically treated by Post and coworkers (43). The guideline
against testing children implies that prenatal testing be done only if the par-
ents agree to abort the fetus if the test results are positive. Furthermore, the de-
tection in the fetus of a dominant AD mutation (PS-1, PS-2, APP), implies that
either the mother or father also carries the gene and will get the disease.
Therefore, testing of the at-risk parent should be done first, and counseling
must be available.
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Disclosure

Once the evaluation is complete for any individual, whether symptomatic
or presymptomatic, there is an obligation on the part of the physician to in-
form the affected individual of the results. Usually the rationale for withhold-
ing the diagnosis is presented as in the patient’s interest because the news
would be devastating. On the other hand, the right to know is a matter of
human dignity. Informing the person enables him or her to

1. plan for optimal life experiences in the remaining years of intact capacities.
2. prepare a durable power of attorney for health-care decisions to be implemented

upon eventual incompetence.
3. consider possible enrollment in AD research programs based on comprehended

choices and decide about taking new antidementia compounds.
4. participate actively in support groups.

A final and most difficult solution that must cross the mind of everyone
faced with the diagnosis of AD is the issue of suicide, either assisted or unas-
sisted. Clearly the desirability of suicide will increase if we cannot offer as-
surance to these individuals that their rights and decisions concerning their
own health care will be respected (44).

Confidentiality

Repeatedly stressed in all considerations regarding patient genetic infor-
mation is confidentiality. There is widespread, but not universal, agreement
around this fundamental necessity. The most vocal opponents to strict patient
confidentiality are the insurance industry representatives who have said pub-
licly that they would classify the positive results of a gene test as a preexist-
ing condition. They maintain that limits on their access to genetic information
is an assault upon fundamental underwriting practices (45). Despite wide-
spread objections to this view from many sectors of the public and the med-
ical community, the legal protections that would truly prevent genetic
information from going beyond the patient record are not in place.
Discriminatory practices based on genetic makeup are a real and urgent issue. 

While assurances of confidentiality may seem like a desirable goal, even in
this area with so much unanimity of thinking, there are circumstances that
cloud the issue. For example, is confidentiality required from family mem-
bers? Because the significance of this information goes beyond the individual,
there might be differences of opinion among siblings or between parents and
grown children regarding whether to obtain a predictive test? Might a spouse,
when considering to have children, need to know the genetic status of the part-
ner? Might a fiancé(e), when considering marriage, need to know the genetic
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status of the intended? Should investors know the genetic status of the indi-
vidual they select as a CEO? Should Congress know the genetic status of
Supreme Court appointees? Should the public know the genetic status of pres-
idential candidates? Among these provocative questions, issues of genetic
knowledge within the family may be the most pressing. Part of the burden of
knowing one’s genetic status is the perceived obligation to inform others who
may be directly affected by the eventual expression of the disease. When an-
other individual learns about the mutation, then even the “best kept secrets”
can spread and ultimately result in stigmatization.  Labeling members of a
family as genetic misfits is particularly damaging in small communities where
there is little anonymity.

Forecasting a disease in an asymptomatic individual may evoke desperate
responses when there is little or no hope of treatment. On the other hand, this
knowledge becomes crucially important, but less dangerous and less explosive
when a treatment is available. For AD we believe the next decade represents
a window of time when genetic information will be increasingly available, but
treatments will remain only minimally effective. For this reason, the issue of
genetic testing for AD should be approached cautiously and with appropriate
concern for the impact of testing on patients and their families.
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APPENDIX
Consensus Report of the Working Group on:

“Molecular and Biochemical Markers 
of Alzheimer’s Disease”

THE RONALD AND NANCY REAGAN RESEARCH INSTITUTE
OF THE ALZHEIMER’S ASSOCIATION AND THE NATIONAL IN-

STITUTE ON AGING WORKING GROUP1,2,3,4

The Ronald and Nancy Reagan Research Institute of the Alzheimer’s
Association, Chicago, IL and the National Institute

on Aging, Bethesda, MD

The ideal biomarker for Alzheimer’s disease (AD) should detect a fundamental
feature of neuropathology and be validated in neuropathologically-confirmed
cases; it should have a sensitivity �80% for detecting AD and a specificity of
�80% for distinguishing other dementias; it should be reliable, reproducible,
non-invasive, simple to perform, and inexpensive. Recommended steps to es-
tablish a biomarker include confirmation by at least two independent studies
conducted by qualified investigators with the results published in peer-reviewed
journals. Our review of current candidate markers indicates that for suspected
early-onset familial AD, it is appropriate to search for mutations in the prese-
nilin 1, presenilin 2, and amyloid precursor protein genes. Individuals with these
mutations typically have increased levels of the amyloid A�42 peptide in plasma
and decreased levels of APPs in cerebrospinal fluid. In late-onset and sporadic
AD, these measures are not useful, but detecting an apolipoprotein E e4 allele
can add confidence to the clinical diagnosis. Among the other proposed molec-
ular and biochemical markers for sporadic AD, cerebrospinal fluid assays show-
ing low levels of A�42 and high levels of tau come closest to fulfilling criteria
for a useful biomarker. © 1998 Elsevier Science Inc.
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The Working Group on Molecular and Biochemical Markers of Alz-
heimer’s Disease was convened to examine the relative merits of biological
markers proposed for the early diagnosis of Alzheimer’s disease (AD). At
present, diagnosing AD and distinguishing it from other dementias depend
primarily on clinical evaluation, and ultimately on clinical judgment. Based
on this approach, a great deal has been learned about the genetics, age of
onset, duration, clinical course, neurological and psychiatric manifestations,
response to treatment, and neuropathological lesions of AD. Having molecu-
lar and biochemical markers of AD would complement clinical approaches,
and further the goals of early and accurate diagnosis. Building on recent in-
formation concerning the genetic factors and molecular causes of AD, the
Working Group sought to assess the status of various antemortem markers.
The Working Group had three goals:

1. define the characteristics of ideal biological markers;
2. outline the process whereby a biological marker gains acceptance in the medical

and scientific communities; and
3. review the current status of all proposed biomarkers for AD.

Early in 1997, on the basis of a comprehensive literature search, a general
call for papers was sent to all investigators who had published in the field,
inviting them to submit a brief position paper on the current state of knowl-
edge concerning antemortem diagnosis of AD. These papers were to address
the clinical and scientific issues that need to be resolved in order to improve
the accuracy, sensitivity, reliability, and validity of biochemical and molecu-
lar diagnostic measures. Fifty-five invitations were sent and thirty position pa-
pers were submitted. The titles, authors, and their affiliations are noted in
Appendix I. Their contributions reflect the diverse perspectives among the in-
ternational community of investigators engaged in research on the diagnosis
of AD. In September 1997, the Advisory Committee of the Working Group
(the Appendix lists the committee members) met to review these papers and
develop the accompanying consensus statement on Molecular and
Biochemical Markers of Alzheimer’s Disease. Some of the position papers,
selected by the Advisory Committee, are published along with the consensus
statement.

The Ronald and Nancy Reagan Research Institute of the Alzheimer’s
Association and the National Institute on Aging, the sponsors of this Working
Group, have begun to convene a series of working groups focused on impor-
tant topics in dementing disorders such as AD. The mission of each working
group is to develop a position paper and, if possible, a consensus statement to
help:
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1. identify scientific opportunities or new research directions;
2. determine the need for additional research resources;
3. evaluate barriers that impede the progress of research; and 
4. guide public policy on research.

The first Working Group, on Neuropathological Criteria, completed its task
in 1997 and published a consensus paper that established new pathological
guidelines for the diagnosis of AD (Neurobiol.Aging 4S: 1997). The deliber-
ations and conclusions of the second Working Group, on Molecular and
Biochemical Markers, are published here.

Criteria For Defining, Developing, 
and Assessing Biomarkers

All future publications describing any putative diagnostic marker or its use in
a study should include detailed information on target populations, uses, and ac-
curacy of the marker. Target population refers to the distinction between early-
onset familial AD (FAD) and sporadic disease and emphasizes the fact that
markers that are useful in FAD may not all be useful in sporadic disease. A bio-
marker has at least five different uses: confirming diagnosis, epidemiological
screening, predictive testing, monitoring progression and response to treatment,
and studying brain-behavior relationships. The value of a marker will vary across
these uses. For example, a biomarker may be well-suited as an aid to clinical di-
agnosis but have little value in monitoring changes over time in dementia.

Proposed markers for AD should include as many features of an ideal di-
agnostic test as possible (see Kennard; Klunk). Ideally, the marker should be:

1. able to detect a fundamental feature of Alzheimer’s neuropathology;
2. validated in neuropathologically confirmed AD cases;
3. precise (able to detect AD early in its course and distinguish it from other de-

mentias);
4. reliable;
5. non-invasive;
6. simple to perform; and
7. inexpensive.

Among the many proposed molecular and biochemical markers (see below),
none has yet achieved universal acceptance, nor fully met the proposed criteria
for an ideal biomarker. Nonetheless, there has been sufficient progress toward
this goal so that this review and consensus statement are warranted.

Molecular and biochemical markers should be validated in neuropatholog-
ically confirmed (definite) AD cases whenever possible. Because most bio-
markers will be tested and later used for diagnosing patients who are still
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living, it will not be possible to have a diagnosis of Definite AD for judging
most biomarkers (molecular genetic tests are an exception to this generaliza-
tion). It is therefore recommended that testing of biomarkers be carried out on
patients with the diagnosis of Probable AD, and not in people with Possible
AD, to ensure that diagnostic accuracy is as high as possible (see Litvan).

Characteristics of a Useful Biomarker

The setting in which a biomarker will be used should be carefully defined.
The utility of various biomarkers will vary depending upon the purpose for
which they are used. For example, biomarkers useful for establishing preva-
lence in epidemiological studies may be less useful in monitoring individual
patients over time to evaluate the efficacy of a particular medication. Hence,
different criteria for usefulness may be needed for different applications of a
biomarker.

Criteria for Evaluating Biomarkers

Molecular and biochemical markers for AD require evaluation based upon
their sensitivity, specificity, prior probability, positive predictive value, and
negative predictive value (see Mayeu; Robles). Sensitivity refers to the ca-
pacity of a biomarker to identify a substantial percentage of patients with the
disease. A sensitivity of 100% would indicate a marker that can identify 100%
of patients with AD. The mathematical expression of sensitivity is true posi-
tive cases of AD divided by true positive cases plus false negative cases.
Because the currently used clinical criteria for AD in patients with Probable
AD provide a sensitivity of approximately 85% when compared to autopsy-
confirmed cases, an excellent biomarker should have a sensitivity approach-
ing or exceeding this value. The biomarker would then be applied to patients
with Possible AD, or possibly in testing asymptomatic subjects who may have
preclinical disease.

Specificity refers to the capacity of a test to distinguish AD from normal
aging, other causes of cognitive disorders, and other dementias. A test with
100% specificity would be capable of differentiating AD from other causes of
dementia in every case. Mathematically, specificity represents the true nega-
tive instances of AD divided by the true negative cases plus the false positive
cases. For a biomarker to have sufficient specificity to be useful in the diag-
nosis of AD, it should have a specificity of approximately 75–85% or greater.

Prior probability is defined as the frequency of occurrence of a disease in a
particular group. If the group under study includes a large number of affected
individuals, prior probability is equivalent to prevalence. The mathematical
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representation of prior probability is the true positives plus the false negatives
divided by the total population. A perfect biomarker would detect only true
positives and no false negatives and thus would reflect accurately the preva-
lence of the disease in the population.

Positive predictive value is a measure of the percentage of people who have
a positive test who can be shown at subsequent autopsy examination to have
the disease. The mathematical representation of positive predictive value is
the number of true positives divided by the number of true positives plus the
number of false negatives. A positive predictive value of 100% would indicate
that all patients with a positive test actually have the disease. For a biomarker
to be useful clinically, it should have a positive predictive value of approxi-
mately 80% or more.

Negative predictive value represents the percentage of people with a nega-
tive test who subsequently at autopsy prove not to have the disease.
Mathematically it is represented as the number of true negatives divided by
the number of true negatives plus the number of false negatives. A negative
predictive value of 100% indicates that the test completely rules out the pos-
sibility that the individual has the disease, at least at the time that the individ-
ual is tested. A reliable marker with a high negative predictive value would be
extremely useful. A test with low negative predictive value might still be use-
ful in some circumstances if it also had a high positive predictive value.

Control Groups

Any diagnostic test must be validated against a control group with a distri-
bution of ages and genders similar to the patient group (see Foster). This re-
quirement presents difficulties because sporadic AD (SAD) principally affects
older individuals. Consequently, irrespective of how carefully the control
group is screened for cognitive status, some of the group may have preclini-
cal AD. This essentially precludes the possibility that any biomarker would
have 100% sensitivity and 100% specificity.

Context

The value of biomarkers will vary depending upon the reason for testing a
particular person, group, or population. In a community screening for de-
scriptive epidemiological studies, for example, high sensitivity is important in
a biomarker because all patients who truly have the disease should be identi-
fied. In this instance, specificity may be low, and the test may still be useful.
When applied to a single patient, both specificity and sensitivity of a bio-
marker become very important. Many physicians and their patients will wish
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to know whether a positive test with a biological marker indicates that the pa-
tient has a high probability of having AD (i.e., a high positive predictive
value).

Plausibility

Some diagnostic tests have proven to have high positive predictive value,
yet the scientific reason for this was unclear initially. The finding of an asso-
ciation between apolipoprotein E4 and sporadic late-onset AD is a good ex-
ample of this. Nevertheless, it is useful to seek biomarkers with some
plausible connection to the known neuropathological changes in AD.

Qualities of an Biomarker

A useful biomarker should be precise, reliable and inexpensive. It should be
convenient to use and not threatening to the patient. The biomarker should be
noninvasive or only moderately invasive. Noninvasive tests include studies on
blood, urine, saliva, or buccal scrapings. Moderately invasive tests are those
that utilize skin or rectal biopsies, bone marrow samples, or cerebrospinal
fluid (CSF). Highly invasive tests include those that require sampling of brain
tissue. A useful biomarker should be sufficiently simple to be adaptable for
routine use in screening the elderly. An ideal biomarker would also be useful
in monitoring the progression of the disease and evaluating the effects of treat-
ment on disease progression. Use of biomarkers for evaluation of treatment
has two aspects. One is to determine whether the treatment induces a measur-
able biochemical change. For example, a biomarker may consist of an assay
to determine whether an enzyme inhibitor is causing a change in enzymatic
activity. The second use is to determine whether treatment changes the pro-
gression of the illness, using the biomarker as an index of disease status.

Normalization

Some markers may need to be adjusted or normalized for other variables.
Examples of adjustments include the age, gender, and possibly the race of an
individual patient. Another adjustment might be the anatomic site from which
a patient’s sample is taken. For example, a CSF sample removed from the cer-
vical region may show different biomarker levels than CSF taken from the
lumbosacral region.

Initial Evaluation of Biomarkers

The initial evaluation of a new biomarker should focus on the distinction
between patients with Probable AD and normal control subjects with compa-
rable age distributions. Sample size is important and a power analysis should
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be performed to determine the size of the sample needed. If covariants, such
as age, gender, apolipoprotein genotype, will be included in the analysis, a
large series of observations will be needed. Geography may also be important,
given likely genetic polymorphisms in different countries and races. The bio-
marker should be examined in more than one group before generalized to all
Alzheimer’s patients.

Range of the Marker

It is critical to establish a normal range of values for a biomarker (see
Galasko). An ideal effective biomarker will show a clear separation between
normal control subjects and patients with AD.

Utility of Multiple Markers

A combination of biomarkers may provide greater diagnostic accuracy than
any single one individually. Critical evaluation of multiple simultaneous bio-
markers should utilize the same principles outlined above, including sensitiv-
ity, specificity, prior probability, positive predictive value, and negative
predictive value. Of these, high sensitivity and specificity are most important
as they indicate the accuracy of the test.

Follow-up Evaluation of Biomarkers

Proposed biomarkers should be tested in patients with Probable AD to en-
sure as high a diagnostic accuracy as possible. Ultimately, successful bio-
markers will be applied to preclinical subjects at risk for the disease and to
people with Possible AD. It is vital to follow the patients with Probable AD
initially studied with the biomarker through the full course of their disease and
obtain autopsy verification of the disease in as many subjects as possible. This
process is the optimal means of testing any biomarker against the most cred-
ible and accepted diagnostic standard.

Recommended Steps in the Process 
of Establishing a Biomarker

1. There should be at least two independent studies that specify the biomarker’s sen-
sitivity, specificity, and positive and negative predictive values.

2. Sensitivity and specificity should be no less than 80%; positive predictive value
should approach 90%.

3. The studies should be well powered, conducted by investigators with expertise to
conduct such studies, and the results published in peer-reviewed journals.
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4. The studies should specify type of control subjects, including normal subjects and
those with a dementing illness but not AD.

5. Once a marker is accepted, follow-up data should be collected and disseminated
to monitor its accuracy and diagnostic value.

Review of Some Putative Molecular
and Biochemical Markers

Molecular Genetics

Early-onset autosomal-dominant AD is relatively rare; only 120 families
worldwide are currently known that carry deterministic mutations (see St.
George-Hyslop). Mutations in the presenilin 1 (PS1) gene on chromosome 14
are the most common causes of autosomal-dominant FAD; these account for
30–50% of all early-onset cases and are the primary causes of FAD with onset
before the age of 55 years. Mutations in the amyloid precursor protein (APP)
gene on chromosome 21 are very rare, affecting fewer than 25 families world-
wide. Like PS1 mutations, APP mutations are found in pedigrees with
autosomal-dominant transmission of AD with an age of onset before 65 years.
Mutations in the presenilin 2 (PS2) gene have been described in only two
pedigrees. Compared to the PS1 and APP mutations, families carrying the
PS-2 mutation exhibit a more variable age of onset, ranging between 40 and
80 years, and a suggestion of incomplete penetrance. Mutational analyses of
the  PS1, PS2, and APP genes as an adjunct to diagnosing dementia in patients
with an early age of onset and strong family history is appropriate. Finding a
mutation in the PS1 or APP gene has a high predictive value (presumed to be
100%) for the eventual development of AD. Because the age of onset in PS1
and APP families does not vary much within each family, accurate predictions
of risk and approximate age of onset can be made. Pre-test and post-test ge-
netic counseling, education, and support should be offered in all cases of mo-
lecular genetic screening. A number of pedigrees with the PS1 or the APP
mutations have atypical disease phenotypes with cases that include cerebral

hemorrhage, spongiform encephalopathy, familial spastic paraparesis and
Pick-like inclusions. These observations reinforce the point made in the ac-
companying paper by St. George-Hyslop that genetic screening for mutations
should be limited to early-onset pedigrees where the phenotype aside from
age, is typical for a progressive degenerative dementia.

In contrast to deterministic genetic mutations, there are genetic factors that
modify the risk of develophig AD. Several of the proposed factors, such as 
�-antichymotrypsin and HLA A2, are controversial or exert weak effects.
Among the proposed genetic modifiers, alleles of apolipoprotein E (APOE)
are the most powerful and best documented (2). There is universal agreement
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that the e4 allele is a strong risk factor for the late-onset and sporadic forms
of AD whereas the e2 allele appears to protect against AD or at least delay its
onset. Having an e4 allele does not confer AD as many e4 individuals reach
old age without developing dementia (see Hyman). Conversely, the absence of
an e4 allele does not exclude AD, as many AD patients do not carry an e4 al-
lele. Nevertheless, in autopsy series more than half of the patients with a con-
firmed diagnosis of AD had an e4 allele. Testing for APOE is appropriate as
an adjunct to the suspected clinical diagnosis of AD, where finding an e4 al-
lele has a positive predictive value between 94% and 98% (1,4). The sensitiv-
ity and the specificity of the e4 allele alone are low, indicating that this
measure cannot be used as the sole diagnostic test for AD. However when
used in sequence with conventional clinical assessments early in the course of
disease when diagnostic accuracy is least secure, the presence of an e4 allele
can add at least 5–10% confidence to the diagnosis of AD (3). Thus, the clin-
ically relevant use of ApoE testing is in patients with early dementia and sus-
pected AD. As with autosomal dominant genetic mutations, APOE
genotyping should be linked to adequate pre- and post-test counseling, edu-
cation, and support. There is unanimous agreement that APOE genotyping
should not be conducted in asymptomatic individuals. In line with this view,
the commercially available test for APOE genotype is restricted to patients
with cognitive impairments.

In summary, searching for PS1, PS2, and APP genetic abnormalities should
be limited to probands and families with a pattern of early-onset (60 years
old) FAD. Genetic testing should always be conducted in the framework of
genetic counseling. APOE genotyping may be used as an adjunct test in the
diagnostic workup of an individual with suspected AD; finding an e4 allele
adds a small percentage of confidence to the clinical diagnosis.

Biomarkers Reflecting Neuropathological
Changes in Brain

Amyloid Protein Derivatives in Blood and CSF. Numerous studies during
the last 5–7 years have examined the possibility that proteolytic derivatives of
the �-amyloid precursor protein (APP) are altered in amount in the CSF or
plasma of patients with AD compared to age-matched controls. The interest in
using APP derivatives as laboratory markers to help confirm a clinical diag-
nosis of AD arises from evidence that cerebral accumulation of the amyloid
�-peptide (A�) a fragment of APP, occurs in virtually all cases of AD.

One criterion for a potentially useful diagnostic test is a biologically plau-
sible relationship of the marker to the pathogenesis of the disease. In this re-
gard, all four currently known genetic causes of FAD (missense mutations in
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the APP, PS1, APP genes, and the e4 polymorphism of the ApoE gene) have
been linked to increased production and/or deposition of A�, as measured di-
rectly in the brains and/or biological fluids of patients harboring each of these
AD genetic traits. Moreover, deposits of the A�42 peptide in the form of so-
called diffuse plaques have been shown to be among the earliest detectable
neuropathological alterations in the brains of patients with both familial and
sporadic forms of AD. As a result, numerous research groups have assayed
CSF and/or plasma for the APP metabolities APPs (the large soluble
ectodomain fragment of APP normally secreted by cells) and A�42 and A�40,
(the 42-residue and 40-residue forms of the A� fragment of APP normally se-
creted by cells).

A� Peptides. Studies assaying the amounts of total A� peptides (A�total �
A�42 � A�40) in human CSF have shown no definite quantitative correlation
with the presence of AD; thus, measuring A�total has no clear diagnostic util-
ity. In contrast, several studies of A�42 concentrations in CSF have shown 
a decrease in the levels of this peptide in subjects with AD compared to 
age-matched normal or neurologic disease control subjects (see Galasko;
Lannfelt). The probable biological explanation for a decrease in A�42 levels in
AD CSF is that the levels of soluble A�42 in the brain interstitial fluid decrease
as the peptide becomes increasingly insoluble and form deposits in the form of
large numbers of diffuse and neuritic plaques. According to this formulation,
the drop in soluble A�42 in the brain is reflected by a decline in the soluble pep-
tide in CSF. To date, at least 3 controlled studies by independent research
groups in the United States and Japan have reported statistically significant de-
creases in CSF A�42 levels in AD patients compared to controls (5,6,7). In each
study, the levels of A�42 in AD patients were significantly lower than those in
controls having other neurological diseases. The mean decrease observed in 37
AD subjects was significant at p  0.0001 when compared to mean levels in
32 neurologically diseased controls or 20 healthy controls (6). Simultaneous
measurement of CSF A�total levels in the same subjects showed no significant
differences, underscoring the specific involvement of A�42 peptide. In this
study, a CSF level of 505 pg/mL of A�42 was used to separate optimally AD
from subjects with other neurological diseases and from normal control sub-
jects. Use of this level as a cutoff led to a calculated sensitivity of 100% and a
specificity of 63% for low A�42 as a marker for the presence of clinical AD.

Simultaneous analysis of A�42 and tau protein measurements in the same
CSF sample demonstrated a correlation of low A�42 plus high tau levels with
a clinical diagnosis of AD. With certain specific cutoffs for A�42 and tau lev-
els, the presence of elevated tau plus reduced A�42 levels in a CSF sample
showed a specificity of 96% for AD. Conversely, high A�42 and low tau lev-
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els were observed only in control patients in this study. The mean A�42 level
in 20 AD patients was less than half the mean level in 34 control subjects with
neurological diseases ( p  0.0005) (7). Thus all studies completed to date
have shown significant decreases in mean CSF A�42 levels, usually correlated
with significant increases in mean CSF tau levels, in clinically probable AD
subjects. Sensitivities for the clinical diagnosis of AD compared to normal non-
demented subjects for finding low CSF A�42/high tau levels have been found
to be in the range of 60–94%, and specificities for the clinical diagnosis of AD
were in the range of 70–96%. These values are much lower, however, when
compared to subjects with non-Alzheimer neurological diseases (5).

A� in Plasma. A single published study has reported an increase in plasma
A�42 levels in a small subset (∼10–20%) of SAD subjects (8). Elevation of
plasma A�42 levels has also been reported in subjects bearing mutations in the
APP or the presenilin genes, including some subjects who were still presymp-
tomatic (see Iwatsubo). Insufficient numbers of well-powered, controlled stud-
ies of A�42 levels in plasma have been completed to allow any firm conclusion
about the potential diagnostic utility of plasma A� in SAD.

A� in Urine. There has been a report of the detection of A� peptides in
human urine, but no clinical studies of its possible diagnostic utility in AD or
control subjects have been completed. APPs in CSF. A number of studies
quantitating the APP ectodomain derivative, APPs, in CSF of AD vs. control
subjects have been published. Most studies have shown no clear statistically
significant difference between these subjects. However, several published
studies in which the APPs levels were assayed by one research group using a
particular antibody that recognizes native APPs provided evidence of deceased
levels of APPs in subjects with clinical AD, including subjects with sporadic
or familial forms of the disease (see Lannfelt). Some of the studies utilizing
this antibody reported a correlation between low CSF levels of APPs and poor
performance on cognitive tests. One study using the same antibody also found
significant decreases in CSF APPs in four patients with Gerstmann-Straussler-
Scheinker disease, leading to the authors’ suggestion that low levels of APPs

may not be unique to diseases characterized by �-amyloid deposition, but also
occur in other disease processes involving neuritic pathology or neuronal de-
generation. Overall, the utility APPs levels in confirming a clinical diagnosis
of AD has not yet been established.

CSF Tau. The known correlation between the abundance of neurofibrillary
lesions in the brain and clinical indices of dementia has resulted in a surge of
recent studies of CSF levels of tau in AD patients (see Galasko; Hock) (9,11).
Using enzyme-linked immunosorbant assays (ELISAs), studies have shown
that the levels of CSF tau are significantly elevated in AD patients compared
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to normal elderly control subjects. However, elevated levels of CSF tau were
detected in patients with other acute and chronic neurological diseases, in-
cluding dementing disorders that resemble AD clinically. Not surprisingly, the
sensitivity and specificity of a CSF tau assay will vary depending on the pa-
tient population examined. For example, a CSF tau level of 70 pg/mL or
greater identified probable AD patients with a sensitivity of 82% and a speci-
ficity of 70% when compared to non-demented healthy control subjects (10).
However, when patients with a clinical diagnosis of possible AD were com-
pared to control subjects or patients with other non-Alzheimer dementias, it
was difficult to determine a CSF tau cutoff level that was diagnostically in-
formative. In addition to their potential as a diagnostic aid, CSF tau assays
may become useful as predictors of their progression to AD in individuals
with memory impairments but who do not meet clinical criteria for dementia
(9). Overall, detecting elevated levels of tau in CSF is a promising antemortem
marker for establishing or confirming a diagnosis of AD, and possibly for
monitoring progression of disease and response to treatment. Additional re-
search, including development of more specific tau antibodies, might improve
measurement of tau (either alone or in combination with other potential pro-
tein markers in the CSF such as amyloid fragments, kineses, and proteases) as
a reliable, sensitive and specific biomarker of AD.

CSF Neuronal Thread Protein. Neuronal thread proteins (NTP) are a fam-
ily of molecules that are expressed in the brain, and that are immunologically
related to pancreatic thread protein. In a postmortem study, brains from pa-
tients with AD contained significantly more NTP-immunoreactivity than
brains from patients with other neurological diseases and brains from control
subjects without disease (14). Examining CSF, it was reported that levels of
NTP were increased in advanced cases of AD, and correlated with progression
of dementia and neuronal degeneration (13). The NTP fragment in CSF is a
41-kDa protein; levels above 3 ng/mL identified 62% of patients with clini-
cally diagnosed AD and 84% of neuropathologically verified cases (12).
Although measurement of NTP in CSF appears to be a promising biomarker
for AD, there is a need to confirm sensitivity and specificity in additional in-
dependent studies in living patients.

CSF Neurotransmitters and Neurotransmitter Metabolites. Neurochemical
analyses of brain tissue obtained at postmortem examination and with surgi-
cal biopsy reveal deficits in multiple neurotransmitter systems. Among neu-
ronal populations affected, those that synthesize and release acetylcholine are
most affected, although there are deficits in monoamines and neuropeptides
(17). Analyzing CSF for neurotransmitters and their metabolites began shortly
after the initial discoveries of these abnormalities in brain. This strategy was
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based on the fact that CSF bathes the brain and spinal cord and might reflect
alterations in the state of activity of adjacent neural tissue. It was therefore an-
ticipated that the neurotransmitter abnormalities in brain would be reflected in
the CSF. The initial enthusiasm for this line of investigation quickly faded be-
cause all markers had poor sensitivity and specificity (15). Somatostastin is a
typical exemple: mean CSF levels were significantly reduced in AD, but the
range of individual values overlapped with normal control and neurologic
control subjects and precluded diagnostic specificity (16).

In summary, tests directed toward detecting neuropathological features of
AD are among the most promising approaches to defining biomarkers. The di-
agnostic utility of finding increased levels of A�42 in plasma is mostly limited
to FAD, but levels of A�42 in CSF are significantly decreased in many patients
with SAD. A universal finding is that mean CSF levels of tau are increased in
AD. CSF measures of A� and tau alone have modest sensitivities and speci-
ficities, but these indices improve when the two measures are combined.
Detecting alterations in other proteins in CSF that are specific to AD, such as
NTP, appears promising for early diagnosis and for monitoring change over
time or in response to treatment but requires further study prior to clinical use.

Systemic Alterations as Molecular 
and Biochemical Markers of AD

Skin. The discovery that the A� peptide circulated in blood and CSF, coupled
with the development of specific antibodies to amyloid fragments, allowed in-
vestigators to test the hypothesis that patients with AD would have greater de-
posits of amyloid in peripheral tissues than those without AD. Although this
prediction was true in skin biopsy tissue, there was substantial overlap with non-
demented elderly control subjects (24). This lack of specificity precluded test-
ing for amyloid deposits in skin biopsy as a biomarker for AD.

Olfactory Epithelium. AD patients show evidence of olfactory perception
deficits early in the course of disease, and the olfactory epithelium is accessi-
ble for biopsy during life. Dystrophic neurites in postmortem and in vivo
biopsy samples of the olfactory epithelium from patients with AD have been
described (29). However, similar lesions have been described in the olfactory
epithelium of individuals with other conditions, including those without neu-
rological disease. Thus, examining olfactory epithelium is not a useful bio-
logical marker for AD.

Fibroblasts. Electrophysiological and biochemical abnormalities have been
identified in fibroblasts that are hypothesized to reflect changes in the central
nervous system of patients with AD. (19,23) Dysfunction in potassium chan-



342 Working Group

nels was described in fibroblasts from AD patients compared to control sub-
jects (19). Changes in protein kinase C activity were identified in AD fibro-
blasts compared to control subjects (21). These techniques have not gained
currency as biological markers for AD, in part because of overlap with non-
AD subjects, in part because of the invasive nature of the test (a skin biopsy
is required), and in part because of the complexity and sophistication of the
assays. Studies with fibroblasts, however, show promise as a method of study-
ing AD-related mechanisms, including APP processing (20).

Platelets. An abnormality of increased platelet membrane fluidity was first
described in 1984 (32). This finding was a surprise, as membrane fluidity
generally decreases with advancing age. Nonetheless, subsequent investiga-
tions confirmed the increased fluidity in AD, although there are the substan-
tial overlaps between AD and control subjects that limits its diagnostic value
(31). There is even the proposal that increased membrane fluidity is a risk
factor that predicts development of AD (33), but this observation requires in-
dependent confirmation. There is increasing evidence of mitochondrial ab-
normalities in AD that lead to reductions in ATP and increases in
oxygen-reactive species that damage neurons (26). Decreased mitochondrial
cytochrome C oxidase activity in platelets of AD patients has been described
(27). Subsequently, the decrease in cytochrome oxidase activity in AD pa-
tients compared to control subjects was confirmed, and it was shown that this
deficit corresponded to an increase in reactive oxygen species (18). This find-
ing is controversial however and may reflect a technical artifact (30).
Additional studies will be needed to substantiate the role of oxidative stress
in the neuronal damage of AD, and the sensitivity and specificity of complex
IV abnormalities in AD, before this test can be accepted as a biological
marker.

Blood. It has been reported that the soluble form of the iron-binding protein
p97 was elevated in AD patients compared to control subjects (25). All AD pa-
tients had elevated levels of p97 in their serum compared with controls, and
there were no overlaps between these two groups. To date, this report has not
been extended by the authors; no reports confirming or repudiating these data
have appeared from other groups.

Tropicamide Eye Test. Pupil dilation in response to installation of a dilute
solution of tropicamide has been proposed as a non-invasive biological diag-
nostic test for AD (28). In the original report, the test had a sensitivity of 95%
and a specificity of 94%. In subsequent studies, the specificity was lower with
much more overlap between AD and control groups; in some reports (22),
there was no difference in dilation response between AD and non-demented
control subjects.
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In summary, none of the systemic alterations proposed as characteristic bio-
logical markers of AD can be accepted for widespread use at present. Some of
the markers such as amyloid deposits in the skin, detecting dystrophic neurites
in olfactory epitheliutn, and measuring pupil dilation in response to a dilute so-
lution of tropicamide, lack sufficient specificity to qualify as useful biological
markers. Although serum levels of the p97 protein showed complete separation
between AD and control groups in the sole report to date, additional confirma-
tory studies will be necessary before accepting this test as a biological marker.
Studies with fibroblasts provide a method of examining electrophysiological
and biochemical changes believed to take place in brains of patients with AD.
This potential use outweighs their current clinical value as diagnostic markers.
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abnormal cognitive abilities, 41
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Activities of Daily Living (ADL) Questionnaire,

34, 173
acute confusional state, 41
acute phase response (APR), 208, 232

peripheral, 208
age of onset, 323
age-appropriate norms, 35
age-associated cognitive change, 41, 173
Age-Associated Memory Impairment

(AAMI), diagnostic criteria, 174
Age-Consistent Memory Impairment

(ACMI), diagnostic criteria , 174
alcohol abuse, 34
alpha-1-antichymotripsin (ACT), 93, 212,

223, 336
alpha-1-antichymotrypsin (ACT) gene, 109
alpha-2-macroglobulin (A2M), 109
alpha-secretase, 86, 96
alpha-tocopherol (vitamin E), 305
Alz-50 antibody, 284
Alzheimer’s Association, 329
Alzheimer’s disease (AD)

accuracy of diagnosis, 54
clinical versus pathological dimensions, 3
clinical diagnosis, 3
definite, 43, 65, 73, 77, 332
magnitude of the problem, 1, 30
mixed dementia, 310
possible, 73
prevalence, 30
probable, 73, 306
stages of the illness, 5–8
subtypes, 301

Alzheimer’s Disease Assessment Scale-Cognitive,
301

ameliorating factors in AD, 214
American Academy of Neurology,

practice parameters, 31, 39
amnestic syndrome, 45
amyloid (congophilic) angiopathy, 69
amyloid deposits, 205
amyloid fibrils, 204, 205
amyloid precursor protein (APP), 66, 84–88, 106,

200, 204, 206, 214, 306, 318, 336
functions, 86
genes, 329
in cerebrospinal fluid, 329
missense mutations, 88
mutations, 107, 323
soluble (sAPP), 86, 206, 219

amyloid, see beta amyloid
anisocoria, 271
anti-inflammatory agents, 97, 305
antioxidants, 97, 98, 305
apathy, 153
aphasia, 172
ApoE, see apolipoprotein
ApoE 4, see apolipoprotein 4
apolipoprotein (ApoE), 38, 88, 89, 93, 106, 107,

203, 212, 239, 306, 319, 320, 323, 336,
337

A  deposits, 89
and other tests in combination, 239

apolipoprotein 4 (ApoE 4), 11, 88, 106, 108,
160, 203, 214, 272, 329

and late-onset AD, 108
and tau, 218
carriers, 115
dose-dependent effect, 108
modifier of age of onset, 108
PET, 154

apolipoprotein-2 (ApoE- 2), protective effect, 108
apolipoprotein-3 (ApoE- 3), 108
apolipoprotein (ApoE) testing

cost of, 116
early diagnosis, 112
predictive value, 113
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sensitivity, 113
specificity, 113

APR, see acute phase response
artificial neural networks, 198
aspartate, 225
association cortex, 68
asymptomatic individuals, 321, 325
atherosclerosis, 69
at-risk individuals

identification of, 308
screening for, 310

atrophy correction and functional imaging, 154
atrophy, see cerebral atrophy
attention, 172
attention scores, 171
attentional deficits, 172
atypical patterns of dementia, 40
autoantibodies in serum/plasma, 232
autopsy, 54, 277

diagnosis, 199
series, 16
verification, 335

autosomal dominant inheritance of AD [see also
familial Alzheimer’s disease (FAD)], 88,
106, 318

B
basal forebrain, 68
Bayes theorem, 13
beclouded dementia, 42
benign senescent forgetfulness, 174
beta amyloid (A ),66, 84–87, 93, 192, 203, 284,

329, 338
cytotoxicity, 70, 203
immunization, 306
interfering with aggregation, 96, 97
in urine, 339
production, 90

beta-secretase, 87
beta-secretase inhibitors, 96
Bielschowsky silver stain, 66
biological markers, see biomarkers, 15
biomarkers, 238

context of testing, 333
criteria,192, 193
different uses, 331
recommended steps to establish, 335
sources of variability, 193, 194

biomarkers of AD

cerebrospinal fluid, 216–220
criteria, 192, 193
ideal, 329
immune and inflammatory functions, 229
sensitivity and specificity, 329
technical factors, 195, 196
theoretical sequence, 10
validity, test-retest reliability, interrater

reliability, validation, 197
versus clinical diagnosis, 309

Blessed Dementia Rating Scale (BDS), 35, 36,
153, 176, 279

sensitivity, 176
value in early detection of cognitive decline,

182
blood lymphocyte abnormalities in AD, 230
Boston Naming Test, 177
brain biopsy, 41
brain imaging, see neuroimaging
brain reserve, 204
brainstem, 283
Bronx Aging Study, 178
Bushke Selective Reminding Test, 177
byproducts of AD pathological processes, 8, 9

C
calcium

homeostasis, 210
related abnormalities in AD, 230

California Verbal Learning Test (CVLT), 177
cascade of AD pathology, 71
case/control study design, 197
CDR, see Clinical Dementia Rating Scale
cellular effects, 93
CERAD, see Consortium to Establish a Registry

for Alzheimer’s Disease
cerebral atrophy, 38

age-related, 129
correction in functional imaging studies,

154, 155
measures of, 128

cerebral blood flow, 210
cerebral blood volume, 158
cerebral cortex, 68
cerebral glucose metabolism

lateral asymmetry, 153
cerebral reserve, 5
cerebrospinal fluid (CSF), 40, 198, 222, 223,

329
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A 42, 219, 338
A 42 sensitivity and specificity, 338
cytokines, 208
markers, 217
neuronal thread proteins (NTP), 216–218, 340
neurotransmitters, 340
protein 14-3-3, 40
tau, 84, 218, 338, 339
tau and ApoE4, 218
tau sensitivity and specificity, 340
use in combination, 220

cerebrovascular disease, 34
ceruloplasmin oxidative activity, 225
changes

insidiously progressive, 34, 43
mental abilities, 34
onset and temporal pace of changes, 34
personality, mood, behavior, 34

chemical receptor types, 151
cholinergic agonists, 96
cholinergic nucleus basalis of Mynert, 95
cholinergic replacement therapy, 95
cholinesterase inhibitors, 300
chromosome 1, 106, 318, 336
chromosome 3

butyrylcholinesterase gene, 110
transferin gene, 110

chromosome 12, 109
chromosome 14,  89, 90, 106, 318, 336
chromosome 17, 47
chromosome 19, 90, 106
chromosome 21, 85, 90, 106, 318, 336
chronic brain injury, 214
Clinical Dementia Rating Scale (CDR), 4, 6, 7,

114, 135, 160, 269,
and probable AD, 160

clinical diagnosis, see diagnosis, clinical,
clinical evaluation, 330

initiation, 30, 31
components, 33–41
limits of, 54, 55

clinical trials, 2
clinically silent disease, 286, 289
CNS infections, 42
coexisting pathology, 73
cognitive complaints, 175
cognitive impairment, 322

risk of falls, 311

risk of medication abuse, 311
cognitive reserve, 51, 154
combination of biomarkers, 236–238, 335
combinations of tests for early diagnosis, 236
community dwelling elders, 278
complement pathway, 93
components in biomarker research, 192
comportment, 183
computed tomography (CT), 43, 128

area measurements, 130
linear measurements, 129
volume measurements, 130
versus magnetic resonance imaging (MRI), 131

consensual pupil response, 271
Consortium to Establish a Registry for Alzheimer’s

Disease (CERAD), 30, 72, 113, 306
neuropathological criteria for AD, 72

control group, 333
conversion from questionable to clear dementia,

118
SPECT pattern in, 160

cortical infarcts, 71
corticotropin releasing factor (CRF), 210
cortisol, 210
cost of AD

financial, 1
social, 98

cost per year, 30
cost savings, 191
cost-benefit ratio

genetic tests, 118
cost-effectiveness of prevention, 310
Creutzfeldt-Jakob disease, 40, 41, 71, 84
criteria for senile dementia of the Alzheimer’s

type (SDAT), DSM-IV, 43
criteria for biomarkers for AD, 192
cross-sectional designs, 15
cross-sectional neuropsychological studies, 170
CSF, see cerebrospinal fluid
CT, see computed tomography
current clinical practice, 309
cysteine, 225
cytochrome c oxidase (CO), 215
cytokines, 93, 97, 208, 210, 231
cytotoxic T lymphocytes, 229

D
daily living activities, see activities of daily

living
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definite Alzheimer’s disease (AD),  43, 65,
73, 77, 332

degenerative process, 50
delayed recall scores, 171, 172, 235
delirium, 41, 310

prevention or reduction of risk, 311
dementia

criteria, 31, 45
of the Alzheimer’s type (DAT), 43, 45, 199
prevalence, 1

dementia of depression, 49, 161
dementia pugilistica, 84
dementia severity

global screening measures, 177
and neurofibrillary tangles, 69
and senile plaque, 69

dementia test batteries, 236
depression, 2, 31, 34, 49, 161, 175, 307, 310
dexamethasone challenge, 210
diagnosis of Alzheimer’s disease

accuracy, 2, 29, 54, 199
pathological criteria,71–75

diagnosis of dementia
attitudes, 29
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amyloid precursor protein, 88
mitochondrial abnormalities, 9, 215, 216, 321,

342
mixed pathology, 199
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positron emission tomography (PET), 39, 127,

150, 214, 235, 320
activation studies, 157, 158
and apolipoprotein 4, 154
and fMRI, 158
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practitioners in research centers, 54
preclinical AD, 215, 333
preclinical markers, 191, 269
preclinical stage, 6, 55, 160, 172, 174
preclinical subjects, 335
predictive genetic testing, 322
predictive models, 11
predictive tests



Index 357

ApoE, 116
predictive value

ApoE testing, 113
genetic tests, 110, 111
SPECT, 156

prednisone, 305
premorbid status, 5
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selegiline, 214, 305
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