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Abstract

Over the past several decades our understanding of Alzheimer’s disease (AD) has seen an evolution
from the dichotomous concept of normal versus AD in the dementia state to a more accurate and
complete appreciation of AD as a progressive disorder with clinical, biological, and pathological
features occurring along a continuum from normal to end-stage disease. Integrating our
understanding of the relationships and interplay between the clinical, biological, and pathological
features of AD may allow the identification of AD at even preclinical, completely asymptomatic
stages of the disease. This review attempts to summarize the clinical stages of AD in terms of
epidemiology, historical evolution of disease stage diagnoses, cognitive/neuropsychologic features,
psychiatric/behavioral manifestations, and functional decline in the context of our developing
understanding of the biological processes responsible for the pathogenesis of AD described in detail
in the accompanying articles.
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Evolution of the conceptual framework for staging the clinical phenotype of
Alzheimer’s disease

Over the past several decades our understanding of the clinical features of Alzheimer’s disease
(AD) has evolved from the dichotomous concept of normal versus AD to a more accurate and
complete appreciation of AD as a progressive disorder with clinical features occurring along
the entire cognitive continuum from normal to end-stage disease.[1-4] The clinical features of
AD are a manifestation of the underlying severity and neuroanatomic involvement of specific
brain regions and circuits that are affected by the biological processes responsible for neuronal
dysfunction and death that characterize AD.[1,5-10] The pathological evolution of AD is
described in detail in this issue (see section on neuropathology by WRM), however a brief
overview of the neuroanatomic progression of AD here provides the framework to understand
the progression of clinical signs and symptoms of AD across the cognitive, behavioral, and
functional continuum that characterizes AD. AD, like many neurodegenerative diseases, starts
focally and spreads outward, eventually consuming the entire brain in the end-stage of disease.
[8,9,11,12] While recent antemortem imaging data have called into question the direct
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relationship between extent of pathology (as determined by neurofibrillary tangle and senile
plaque burden) and anatomic involvement in certain areas such as the precuneus (as evidenced
by atrophy on MRI and hypometabolism on PET)[13], several recent reports reinforce the
association of extent of pathology with the clinical progression of dementia, especially the
extent of neurofibrillary tangles in cortical regions. [14,15] Conflicting studies suggest that
coexistent or mixed pathological disease states and age of patients at onset of dementia
confound the association between the pathological hallmarks of AD and clinical phenotype.
[8,16-22] Resolution of such disparate data is an important focus for future work in the field
of AD. The ultimate definition of anatomic disease progression is clearly in evolution, as is
our concept of the clinical phenotype of AD along the continuum from normal cognition to
end-stage dementia. This review conceptualizes clinical AD in a biological sense through
comparison with the neuroanatomic involvement of the pathological hallmarks of AD
(neurofibrillary tangles and senile plagues), but clearly acknowledges that this may be an
oversimplified view that will require further elucidation and perhaps evolution as the field
progresses.

Neuronal degeneration and dysfunction in AD begin in the limbic circuitry of medial temporal
lobe structures including the entorhinal cortex and hippocampus.[8,9,11,12] These structures
are critical components of the Papez circuit (Figure 1) involved in the creation and
consolidation of short term memory processes.[23] Further neuroanatomic spread inferiorly
and posteriorly in the temporal lobes includes brain structures involved in semantic memory
(Figure 2).[1,5,6,8,9,11,12] Anterior progression along limbic pathways leads to involvement
of subcortical structures including the cholinergic projections from the nucleus basalis of
Meynert that diffusely activate the neocortex (Figure 1).[24] Involvement of the amygdala,
anterior cingulate, and other limbic structures in the basal forebrain leads to the many
neuropsychiatric and behavioral features of AD.[25,26] Eventually neuronal dysfunction and
death engulf the entire cerebrum with characteristic sparing of primary motor and sensory areas
in the frontal and parietal regions.[5,8,9,11,12] This biological spread of disease precedes and
causes the evolving clinical phenotype seen in AD, from normal cognition to end-stage disease.

Much of what has been learned regarding the clinical changes that occur along the continuum
from normal to end-stage AD has come from longitudinal studies that recruited subjects with
normal cognition and followed them with serial evaluations to the end-stage of disease and
subsequent autopsy following death. Neuropathological confirmation of disease is important
as many studies have demonstrated diagnostic accuracy (percent correct diagnoses) for even
fulminate AD at 80-90% in tertiary care centers specializing in AD.[27,28] Others have
reported specificity of diagnosis lower than 65% in select populations with high prevalence of
cerebrovascular disease (CVD).[29] Coexistent pathological heterogeneity below a given
subjective threshold for acknowledging mixed AD-CVD, as well as the lack of standardized
pathological criteria for the diagnosis of and many combinations of pathological features of
CVD, may confound this issue and lead to further diagnostic inaccuracy. Such diagnostic
confusion is often the result of distinct neurodegenerative disease processes such as
hippocampal sclerosis, vascular dementia (VaD), Lewy body disease (DLB), or frontotemporal
dementia (FTD) involving the same neuroanatomic areas of the brain that are affected in AD.
[7,8,10,30]

Any conceptual model of AD must consider the mixed pathological phenotypes, age-dependent
decreases in AD pathological burden associated with clinical dementia, and the potential
influence of asymmetric atrophy and pathology in medial temporal lobe structures in the
biological development and clinical expression of AD. As commented on above, the extent
and neuroanatomic distribution of such confounds may greatly influence the clinical phenotype
of disease and may play significant roles in decline across all stages of the cognitive continuum
of AD discussed herein.
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The presence of coexistent CVD, LBD, and TDP-43 positive inclusions in AD is widely
appreciated by all in the field and can be documented in 38% to nearly 100% of subjects studied
in different cohorts with specific demographic, clinical, and genetic exposures. Dementia states
associated with mixed pathological phenotypes can give rise to a multitude of clinical
phenotypic variants that appear to be age-dependent and possibly influenced by other
demographic (gender, education, socioeconomic status, etc.), clinical (hypertension,
hyperlipidemia, history of stroke or cardiac disease, etc.), and genetic factors (ApoE status).
[8,16—19] Some of these factors strengthen and others lessen the association of the clinical
signs and symptoms of AD with the classical pathological hallmarks of AD (neurofibrillary
tangles and neuritic plaques). Of these varied comorbid pathological disease states, “silent”
CVD including periventricular leukoariosis, microvascular infarcts, and arteriosclerotic
disease, has been suggested by some to be a major contributor to dementia, above AD
pathological features.[31-34] Such heterogeneity would be expected to substantially increase
the variance in clinical presentation of AD as a result of neuroanatomic involvement of areas
not typically affected in AD, but more typically involved in the coexistent non-AD pathologic
entities. Despite such confounds, the clinical phenotype of AD is remarkably robust and,
despite the underlying pathological heterogeneity, a relatively consistent progression of disease
is seen.

Several studies have demonstrated that advancing age decreases the association of AD
pathology with the clinical phenotype of dementia and AD in the oldest old.[20-22] The
decreased burden of neocortical amyloid deposition in the subjects studied by Savva et al.,
2009 remains unexplained, but it is important to note that these pathological findings relate to
extent of AD pathology rather than localization of anatomic involvement or alterations in the
clinical phenotype of AD in the oldest old. [22] Reasons for this observed heterogeneity of
pathological burden in the oldest old with AD could include an increasing prevalence of mixed
pathological features as described above, sensory or physical impairments distinct from AD
processes (visual, auditory, somatosensory, or motor impairments from glaucoma, macular
degeneration, cataracts, hearing impairment, neuropathy, arthritis, or other systemic disease),
or from an as of yet unidentified cause of neuronal senescence or loss, synaptic dysfunction,
and age-related cortical atrophy as postulated by Savva et al. 2009.[22] Consideration of such
age-related comorbidities and heterogeneity in the pathologic substrate of dementia is
important for understanding the progressive evolution of the clinical phenotype of AD and its
relationship to true biological AD. Further work in this area is clearly needed to define a more
accurate and complete understanding of the complex processes that can coalesce to create the
clinical phenotype of AD especially in the oldest old.

Recent studies using structural MRI volumetrics have begun to highlight the potential
importance of asymmetric medial temporal lobe atrophy in the development of AD.[35-43]
Most of these studies have demonstrated the presence of hippocampal asymmetry early in the
disease course, with the observation of asymmetry lessening with disease progression.[35—
37,40-43] Left greater than right hippocampal volumes can be seen in many normal controls,
with early increases in the rate of left greater than right hippocampal atrophy in MCI and early
AD stages.[35-37,40-43] The rate of atrophy begins to equalize as the AD patient progresses
through the moderate to severe stages of disease. The clinical significance of asymmetric
medial temporal lobe atrophy are largely unexplored, but one recent study demonstrated
increased impairment in visual memory tasks with right greater than left hippocampal
asymmetry. [36,39,41] Regardless of the question of asymmetry in mesial temporal lobe
atrophy in AD, itis clear from many existing imaging and pathological studies medial temporal
lobe atrophy may be the most agreed upon predictor of the presence of biological AD in a
demented person. Such biological evidence of AD has been included in the proposed new
criteria for AD described below attesting to the importance of this structural correlate of
biological disease in the clinical diagnosis of AD.[44]
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Many clinico-pathological studies show that biological AD can evolve atypically, leading to
heterogeneity in clinical phenotypes that diverge from the typical signs, symptoms, and patterns
of clinical progression.[45-49] Several patterns of disease have been characterized and are
often referred to as focal cortical variants of AD. The visual variant of AD, also termed the
Heidenhein variant, posterior cortical degeneration or atrophy, is characterized by a unique
clinical phenotype reflecting the underlying pathological involvement of parietal-occipital and
or parietal-temporal association cortices.[49-51] The clinical phenotype of primary
progressive aphasia, fluent as well as nonfluent types, is often a manifestation of underlying
AD pathologic involvement of neuroanatomic regions involved in language processing or
production in the dominant hemisphere.[49,52-56] Likewise, cases have been described where
the clinical phenotypes of FTD and corticobasal degeneration are related to asymmetric or
symmetric AD pathology in the frontal, temporal, or parietal lobes.[57-60] Such atypical
presentations of AD have been well characterized, and while recognition of their existence is
important, they are relatively rare phenotypes of disease and will not be discussed further. Most
commonly, AD presents as a consistent pattern of evolving clinical signs and symptoms that
will be the focus of this review. The characteristic clinical signs and symptoms of fulminate
AD are embodied in the NINCDS-ADRDA criteria for AD adopted in 1986 (Table 1).[61]

Historical evolution of the diagnosis of AD and its predementia disease

stages

Recognition that the artificial threshold for diagnosis of AD inherent in the NINCDS-ADRDA
criteria did not capture the slowly progressive nature of the underlying disease process in AD
led to many early attempts to further describe and characterize the intervening clinical evolution
of the signs and symptoms of AD.

The development of diagnostic criteria for age-associated memory impairment (AAMI) was
the first attempt.[62] This diagnosis relied on the combination of both a nondementia state,
characterized by a lack of functional impairment, and objective evidence of low or poor
performance on neuropsychological test measures of memory, defined as 1 standard deviation
below the mean for nondemented controls of any age. Analysis of age-based normative test
data quickly revealed that this diagnostic designation suffered from two distinct flaws. First,
it failed to account for normal, age-related change in test profiles. Second, it encompassed all
individuals scoring at the low end of the normal distribution, irrespective of whether they were
exhibiting an exaggerated slope of decline or change in cognitive skills that might reflect an
underlying degenerative process (as incorporated in the current 2" International Working
Group on the diagnosis of MCI criteria. See below and in Figure 2).[63] The diagnostic criteria
lacked utility because normal persons with lifelong, static poor performance could not be
differentiated from those in the early stages of decline due to AD or other degenerative disease.
[63]

Refinement of these criteria led to the development of age-associated cognitive decline
(AACD).[64] This diagnostic definition included the use of age- and education-adjusted
normative test scores overcoming one of the major confounds of AAMI.[64] While AACD
narrowed the focus of detection, it still did not account for lifelong, static poor performers,
again relying on absolute cutoffs of 1 standard deviation below the mean. Further refinement
was clearly needed to reliably identify persons suffering from the earliest clinical features of
AD.

Out of these efforts emerged the diagnosis of mild cognitive impairment (MCI) in the early
1990s based on scores of 3 or greater on the Global Deterioration Scale.[65,66] This diagnosis
and its utility to accurately predict future development of AD were reworked and eventually
popularized by the seminal work of Petersen and colleagues at the Mayo clinic in 1999.[67]
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The original diagnostic criteria for MCI are presented in Table 2. The focus of MCI remained
on the detection of early memory impairment, but now included necessary symptomatic decline
by history. These criteria proved to have a diagnostic accuracy of approximately 85% to predict
the development of a future dementing state.[67] Rates of conversion from MCI to dementia
were 15% per year compared to previous estimates of 1-2% per year for the normal aged
population, demonstrating the practical utility of such formalized criteria for the detection of
prodromal dementia.[67]

Despite these encouraging results, many studies applying various permutations of the MCI
diagnosis have questioned the diagnostic utility of MCI in the detection of prodromal dementia
states.[68] Reversion or stability rates as high as 70% have been reported.[69,70]
Understanding these differences and the presumed heterogeneity of MCI has spurred research
in this area over the last decade.[68] Studies investigating the neuropathological features of
MCI and eventual outcomes again support the heterogeneity that has called into question the
utility of these diagnostic criteria.[30,71,72] Despite these caveats, the utility of this diagnosis
was proved through its use in the multicenter Alzheimer’s Disease Cooperative Study group
collaborative trial with Pfizer investigating the effects of donepezil on rates of conversion from
MCI to dementia.[73,74] While the overall trial failed to meet its primary outcome measures
and was considered negative, the strict operational definition used in this study across centers
demonstrated the utility of MCI to identify an intermediate clinical phenotype between normal
and AD states as well as prediction of conversion from MCI to AD at a rate of 16% per year.
[73,74]

The 2" International Working Group on the diagnosis of MCI, convened in 2005, further
expanded this diagnosis to include the assessment and inclusion of nonmemory domain
cognitive impairment.[68,75] These refined criteria have been utilized as a conceptual
framework to identify specific prodromal disease states (Figure 2). These diagnostic criteria
involve the classification of subjects with early cognitive decline into four groups based on the
presence or absence of memory domain involvement and the involvement of single or multiple
domains and have been adopted by the National Alzheimer’s Coordinating Center (NACC,
available online at http://www.alz.washington.edu/) and the Alzheimer’s Disease
Neuroimaging Initiative (ADNI, available online at http://www.loni.ucla.edu/ADNI/).[68,75]
In this conceptual model, prodromal AD (MCI) may be represented by either single or multiple
domain amnestic MCI. The development of multiple domain involvement has been suggested
to represent the evolution of the clinical phenotype of prodromal AD reflective of the
underlying pathological spread of AD.[68,75]

Concurrent with the development of the diagnosis of MCI to detect predementia AD, scales
for staging AD were developed including the Global Deterioration Scale and the Clinical
Dementia Rating scale (CDR).[66,76] The CDR is the most widely used instrument for
outlining ordinal stages of AD as mild (CDR 1), moderate (CDR 2), or severe (CDR 3) and
provide a conceptual framework for classifying the clinical phenotype of AD along the
cognitive continuum after the development of overt dementia.[76] Like the original
dichotomous diagnosis of normal versus AD embodied by the NINCDS-ADRDA criteria, these
stages represent arbitrary cutoffs that do not clearly reflect the slowly progressive nature of the
disease along the continuum of cognitive and functional decline. Nonetheless, they serve as a
useful mechanism for describing points along the continuum of AD that allow clinicians and
researchers to communicate effectively, guiding both therapeutic interventions and clinical
research activities. This staging has also proved practical for the layperson, allowing
preparation for and expectation of current and future clinical signs and symptoms of AD.

One recent international conference addressed the issues of a cognitive continuum reflecting
the underlying biologic process of AD and proposed revised criteria for the diagnosis of AD
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given our enhanced understanding of the disease process and advancements in the area of
biomarkers for AD (Table 3).[44] These criteria rely on a combination of both early clinical
signs of anamnesis and biological evidence for a degenerative process consistent with AD
through CSF, MRI, SPECT, or PET imaging.[44] Adoption of such criteria would be a step
forward in our recognition of AD as a biological process that underlies the later development
of the clinical signs and symptoms of AD meeting DSM-IV and NINCDS-ADRDA criteria
for AD, and may allow both earlier identification and therapeutic intervention. Technologic
advances and scientific discoveries over the last 23 years may now render the NINCDS-
ADRDA criteria potentially obsolete as clinicians and researchers learn to more accurately
diagnosis biologic AD at the first signs of clinical decline. Further work will hopefully yield
reliable biomarkers of disease that may allow preclinical detection of disease, leading again to
further revisions of the diagnostic criteria for AD.

Recent pathological data from longitudinal cohorts of normal subjects and data derived from
studies investigating structural and molecular imaging, CSF and serum biomarkers have
demonstrated the existence of biological AD in asymptomatic individuals with completely
normal cognition.[77-87] The concept of preclinical AD (pAD) has emerged as a diagnostic
dilemma and no consensus on diagnostic criteria for this stage of AD has been reached. The
presence of biological AD in the absence of clinical signs and symptoms likely reflects both
extent of pathological burden as well as “cognitive reserve”. [88] Cognitive reserve is
hypothesized to entail the existence or development of compensatory mechanisms that
maintain the output of neural activity in affected neuronal circuits in AD.[88] Thus, persons
with pAD can maintain normal neurological, cognitive, and behavioral function despite the
presence of fulminate biological AD. The development of accurate antemortem biomarkers of
AD is rapidly expanding our appreciation of this entity, however persons with pAD will remain
undiagnosed until a biomarker isavailable that has high diagnostic accuracy sufficient enough
to replace autopsy confirmation of the disease..

It is clear from the discussion above that pAD, MCI, mild, moderate, and severe AD represent
arbitrary thresholds or cutoffs for the development of operational criteria categorizing points
along the cognitive continuum that reflect the underlying development of biological AD. It is
important to realize that the true development and progression of the clinical signs and
symptoms of AD do not involve step-wise decline along these diagnostic stages of disease, but
rather a gradual evolution of the clinical phenotype of AD. Nonetheless, to provide a conceptual
framework for discussion, the evolution of the clinical signs and symptoms of AD across the
cognitive continuum will be discussed in the context of pAD, MCI, mild, moderate, and severe
AD. Accompanying manuscripts detailing genetic, imaging (MRI, SPECT, PET), CSF,
neuropathology, A, synaptic changes, oxidative stress, inflammation, mitochondrial function,
and the role of heavy metals in AD progression from preclinical to end-stage disease are
presented in this edition of the Journal of Alzheimer Disease and will not be discussed further
in this review.

Epidemiology

Overview

AD is the most common cause of degenerative dementia in the population age 65 and older
and is also a common cause of dementia in those under 65. [89-95] The current NINCDS-
ADRDA criteria for AD include individuals with clinical onset as young as 40 years of age.
[61] Many epidemiological studies of AD have been conducted in populations from around
the world, demonstrating that AD is a disease that crosses all ethnic, cultural, and geographical
boundaries. [89-99] While age at disease onset may vary between genetically and culturally
distinct populations, the disease course and clinical features are invariant. A comparison of
incidence and prevalence rates across the stages of progression of AD could reveal three
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possible patterns: 1) Equality suggesting that the progression is linear and independent of
confounding effects; 2) Increasing rates suggesting that some individuals may escape detection
at earlier stages, progress rapidly through them, or that clinical signs and symptoms appear
abruptly once critical thresholds for pathological burden exceed cognitive reserve; or 3)
Decreasing rates suggesting the comorbid impact of factors influencing survival, inclusion of
persons with degenerative disease other than AD in MCI, or an aborted disease process in
certain individuals with pAD.

Preclinical Alzheimer’s disease

No true epidemiologic studies of pAD exist. Such studies would require a population-based
enrollment and longitudinal evaluation of subjects with normal cognition that eventually come
to autopsy. The costs of such an endeavor would be astronomical and the feasibility would be
questionable even if financial concerns were negotiated. Barriers to autopsy recruitment exist
that would also preclude such studies. Potential selection bias in subjects recruited to autopsy
series is inherent in all existing studies of pAD to date. The development of diagnostically
accurate biomarkers of disease in the antemortem period may eventually overcome these
obstacles.

Several groups have attempted to overcome these obstacles through retrospective analysis of
subjects that eventually develop the signs and symptoms of clinical AD years before the
diagnosis was made. The Canadian Study of Health and Aging (CSHA) used such an approach
to demonstrate that early changes in both category fluency and Trailmaking test part B are
predictive of incipient dementia 5 years prior to diagnosis.[86,87] Such conclusions are
problematic for several reasons. First, the logic of using clinical decline to predict further
clinical decline is circular and self fulfilling. Second, if the decline is detected clinically then
it cannot, by definition, represent a “preclinical” state. Instead it represents an arbitrary shift
in the threshold for detecting clinical change. Last, it cannot evaluate the potential for subjects
not meeting thresholds for clinical detection to have true underlying biological and pathological
AD. By definition, pAD represents biological AD without any clinical evidence of such
processes.

At present, the best data available come from frequency measurement in selected autopsy
cohorts of subjects that died with normal cognition.[71,79,81,85,100-107] While selection
bias is inherent in these studies, at present the only reliable method to detect pAD relies on
autopsy verification of AD. Other caveats include time from last evaluation to death and the
rigor with which evidence for cognitive decline was evaluated antemortem. The reported
frequency of fulminate pathological AD in series that have documented rigorous clinical
evaluation and limited times from last evaluation to death (typically less than one year on
average) ranges from 10-20%.[71,79,81,85,100-107] Data on incidence cannot be derived
currently based on pathological evaluation. The future development and validation of accurate
diagnostic biomarkers for AD that can be efficiently applied to true epidemiologic cohorts are
needed to provide additional data on incidence rates for pAD.

Mild cognitive impairment

Epidemiologic studies have examined the incidence and prevalence of MCI with disparate
findings.[69,108-112] The wide variances in estimates may reflect variation in diagnostic
criteria and evaluation between studies. Formal operationalization of the diagnostic criteria for
MCI has led to more consistent estimates with reduced variability between studies in recent
years.[108,111,112] The prevalence and incidence of MCI still appear to be highly dependent
on age of the population studied consistent with the epidemiologic data on AD and range
between 5-40%.[69,108-112] Incidence rates are typically much lower, ranging from 1-10%
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per year, reflecting the duration of disease in persons with MCI from onset of diagnosis to
conversion or transition to dementia.[69,108-112]

Alzheimer’s disease

Summary

The incidence rate for AD typically ranges from 1-2% per year, but again is highly dependent
on age of the population studied. [89—-99] Prevalence rates vary with age, but are typically
estimated at 15-20% of the population over the age of 65 years, with reports as high as 50%
for individuals above the age of 85 years. [89-99] The incidence and prevalence of AD increase
with age in an exponential fashion, identifying AD as the most common cause of dementia for
those over the age of 65 years.

From a broad perspective, the frequency, incidence, and prevalence rates of pAD, MCI, and
AD are consistent across diagnosis supporting the notion that each diagnosis represents a
defined stage in the progression of the same underlying biological disease process that
eventually leads to the clinical and pathological diagnoses of AD. These data also attest to the
diagnostic accuracy inherent in the construct of MCI.

Neuropsychology

Overview

The current diagnosis of AD strictly depends on identifying memory and other cognitive
domain involvements that lead to functional decline and impairment in activities of daily living
(ADLs).[61,113] Neuropsychological testing has played a predominant role in advancing our
knowledge and understanding of the clinical sequelae of the underlying disease. Identifying
clinical deficits leads to the early predementia diagnosis of MCI, but cannot, by definition,
identify pAD. Global cognitive measures such as the Folstein Mini-Mental State Examination
(MMSE) and the CDR are widely used to identify the presence and clinical stage of disease
for persons suffering from biological AD as well as other degenerative causes for cognitive
decline in the general population.[76,114] Specific neuropsychological test measures have
provided further insights into the clinical progression of disease that reflects the underlying
neuroanatomic spread of disease in AD that will not be discussed further in this review.

Neuropsychological test scores (both global and specific) overlap between stages of disease,
again reflecting the underlying pathological and overt cognitive continuum of decline in AD.
The following sections are framed in typical scores for the global test measures MMSE and
CDR, yet the overlap requires recognition and acknowledgement. Normal cognition and/or
pAD can occur with both MMSE below 27 dependent on baseline abilities, or can coexist with
CDR greater than 0 dependent on the cognitive domain(s) involved and the reliability of the
informant report. Likewise, persons with MCI may have scores as high as 30 on the MMSE
or well into the range typically assigned to the stages of AD depending on the considerations
above. The CDR is an instrument that focuses on anamnesis; many persons with MCI may
score normally on the CDR yet have considerable impairment even to the point of dementia.

The weaknesses of these global assessment measures have spurred the search for more specific
and definitive clinical measures and pushed forward the search for more definitive biomarkers
of AD. Other global measures that are commonly used to gauge the presence and severity of
AD include the GDS, Alzheimer’s Disease Cooperative Study Cognitive Test Battery (ADAS-
Cog), and Mattis Dementia Rating scale.[66,115,116] These measures may have a ceiling effect
for normals, pAD, and even MCI subjects. Specific neuropsychological test measures that are
widely used include components of the WAIS (digit-span, digit-symbol, logical memory),

category fluency (animals and vegetables), Trailmaking A & B and are included in the newly
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adopted Unified Data Set (UDS) by the NACC.[117] The establishment of a universal test
battery, used for not only NACC centers but also as part of the ADNI will hopefully allow for
more successful crosstalk between centers and the ability to pool data for much larger numbers
of subjects than any one center could obtain independently. Although the approach has not
been validated, it holds much promise for moving AD research forward.

While the development of the aforementioned global cognitive measures and UDS has helped
standardize assessment in the field, it is apparent to many that the test measures themselves
may lack both sensitivity and specificity to identify AD in its early (MCI) and prodromal (pAD)
states. The use of supraspan word list tasks for memory assessment, such as the Rey and
California verbal learning tests, may increase the sensitivity of detection thresholds for
amnestic MCI.[118] Newer developments, such as contextual learning and recall paradigms,
are in their infancy but hold much promise in enhancing early detection of specific disease
states such as AD in its predementia forms. Full discussion of such advances in
neuropsychological test paradigms is beyond the scope of this review.

Preclinical Alzheimer’s disease (CDR 0, MMSE 27-30)

Again, by definition, pAD represents a biological state of disease that is present before
sufficient neuronal damage and dysfunction begins to affect overt or domain-specific cognitive
function. As such, pAD is characterized by normal CDR 0 and MMSE scores 27-30. Yet, these
global measures do not fully assess the full range of cognitive function that could identify an
early disease state. Studies investigating the neuropsychological identification of pAD have
exclusively relied on longitudinal collection of test data from subjects enrolled as normal that
later developed sufficient cognitive decline to meet criteria for AD.

The CSHA, discussed above, retrospectively evaluated neuropsychological test measures that
might predict future conversion to AD and found several neuropsychological test measures
that were significant predictors of cognitive decline five years before the onset of dementia.
[86,87] This study did not utilize criteria for MCI, but rather relied on the cutoff of clinical
dementia for comparison. The average duration of MCI estimated through conversion rates to
dementia is 4-5 years, suggesting that this and similar studies may be detecting the appearance
of incident MCI rather than true pAD.[67,68,73-75]

Rush University investigated pAD in subjects that came to autopsy with a diagnosis of normal
cognition proximal to death and found that almost 20% met the pathological criteria for AD.
[101] Retrospective analysis of their neuropsychological test performance demonstrated
significant differences in only delayed recall tasks between subjects with pathological AD
autopsy findings and those with normal autopsy findings, suggesting that memory decline may
be present, albeit subtly, in persons with pAD before sufficient cognitive decline to warrant
the diagnosis of either MCI or dementia.[101] Early pathological involvement of the entorhinal
cortex and hippocampus through connections of the perforant pathway would suggest early
changes in delayed recall as the first clinical manifestations of underlying biological AD. Yet,
such findings are subject to scrutiny as they rely on the application of cut-off scores or
subjective impressions of examining neuropsychologists in determining significance of
findings. It could be argued that if decline was present and identifiable clinically, then these
subjects did not truly represent pAD, but rather reflect an artificial threshold for the detection
of cognitive decline.

Mild cognitive impairment (CDR 0.5, MMSE 25-30)

The diagnosis of MClI is dependent on the first objective signs of clinically detectable cognitive
decline.[67,68,75,119] Global test measures fall in the normal range such as the MMSE at 27—
30, yet if all three points are lost in the delayed recall potion the test is definitively abnormal
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using normative standards for individual test items. While global measures are impractical in
early stages of disease, specific patterns of deficits could be diagnostic if evaluated. CDR scores
are typically 0.5 reflecting identified memory impairment on the Blessed portion of the CDR
worksheet and the informant or study partner attestation as to the presence of a memory
impairment.[68,71,75,76] Sensitive neuropsychological test measures can detect underlying
biological AD at the earliest stages that represent MCI.[68,75] The sensitivity of such
diagnostic tests and the threshold for detecting impairment differ widely between
neuropsychological test measures and may be at least partially responsible for the heterogeneity
of MCI reported in the literature. Central to the theme of this review is the discussion and
elucidation of a clinical cognitive continuum that reflects the underlying progression of
pathological AD. Arbitrary cutoffs for AD or MCI represent artificial constructs that help us
define disease state, but may lack cohesion or uniformity when applied universally unless
stringent criteria for the diagnosis of MCI are held t0.[68,75]

Understanding MCI as a continuum from the earliest objective clinical signs and symptoms of
AD to the end-stage of MClI occurring just before functional decline is imperative for a rational
interpretation of data from the many disparate studies of MCI published over the last decade.
The realization that MCI may present with impairments in varied cognitive domains has not
only spurred investigation into prodromal or predementia disease states of non-AD
degenerative dementias, but has also planted the seed to explore the progression of MCl as a
continuous process that leads to progressive and accumulative cognitive impairments that
characterize this predementia state of AD.[68,75,120,121]

The MCI stage of AD includes impairments in the cognitive domains of attention, executive
function, language, visuospatial function, among others.[68,75,122] Recent data suggest that
MCI presents with single-domain amnestic involvement, but rapidly includes additional
impairments in attention/executive function that reflectspread into frontal areas, as well as
language impairments first manifest as semantic deficits that reflect temporal lobe dysfunction,
and visuospatial deficits that reflect dysfunction of parieto- and temporo-occipital association
areas.[123] This pattern of clinical progression parallels the neuroanatomic involvement of the
underlying biological disease process in AD.[8,11,12] The precise pattern of clinical
progression across neuropsychological test measures is not well-defined, but clearly
demonstrates progression along a continuum as well as some degree of heterogeneity that may
be inherent in the expression of biological AD between individuals. Variation in progression
may reflect the influence of underlying genetic or environmental risks for the development and
progression of AD. Further work in this area investigating the relative contributions of putative
genetic and environmental risk factors is needed to fully understand the clinical and
neuroanatomic progression of biological AD in MCI.

MCI may best be understood by a continuum, but also as an ordinal continuum, as is AD. Mild
MCI may manifest as isolated anamnesia.[123] Moderate MCI may begin to include a single
domain of either attention/executive, language, or visuospatial dysfunction in addition to the
amnesia inherent in earlier stages. Severe or late-stage MCI may involve several or all of these
domains before functional impairment sufficient to meet criteria for AD is realized. As
objective measures of functional decline are largely experimental and not universally applied,
the distinction between late-stage MCI and early stage dementia remains a “gray-zone”.

Mild Alzheimer’s disease (CDR 0.5-1, MMSE 21-26)

Mild AD is characterized by documented impairment in neuropsychological function in
memory and at least one other cognitive domain by NINDCS-ADRDA criteria.[61] The
MMSE score typically drops to 21-26, reflecting the involvement of multiple nonmemory
domains. Informants detail considerable interference with functional activities as the result of
the cognitive decline. Involvement of attentional and executive domains is almost universal at
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this stage. Language testing may show differential impairment of category over semantic
fluency, attesting to the preferential neuroanatomic involvement of anterior temporal lobe over
frontal lobe structures. Visuospatial involvement manifests early in this stage and continues to
progress throughout the disease course.

Moderate Alzheimer’s disease (CDR 2, MMSE 14-20)

As the person with AD progresses along the cognitive continuum, the MMSE score drops to
the range of 14-20 and CDR scores fall to 2. This decline reflects widespread involvement of
neocortical regions that manifests through impairment on all cognitive measures. Essentially
no cognitive domain is spared at this stage of disease, although compensatory mechanisms for
skills reliant on long term memory may remain intact leading to some degree of functional
independence in scattered activities.

Severe Alzheimer’s disease (CDR 3, MMSE 0-13)

Summary

The severe stage of AD is characterized pathologically by widespread involvement of all
neocortical regions reflected in severe disturbance of cognitive function across all domains.
While this may also reflect a parallel development of coexistent pathological processes such
as CVD, DLB, or age-related brain atrophy, the clinical phenotype is invariant and that of late
stage disease. In this stage, the MMSE score drops below 14 and affected persons may be
disoriented to place and time and begin to have trouble identifying close relatives. The CDR
progresses to a score of 3 and essentially all independent activity is lost. Neuropsychological
test measures such as the Severe Impairment Battery (SIB) have been developed to allow
evaluation of cognitive function in this severe stage of AD.[124] The SIB is useful as subjects
continue to progress to the point of complete disorientation to self, long after the MMSE and
CDR have resulted in an absolute floor effect. [124] As the disease progresses, continence
becomes a major issue as the frontal micturation and bowel control centers are overwhelmed
with AD pathology. The disease progresses until the entire neocortex is subsumed, the MMSE
reaches zero and the individual is completely mute and dependent.

Cogpnitive decline throughout the preclinical and clinical stages of AD can be carefully and
precisely monitored using a variety of instruments in addition to those described above. The
progressive involvement of neuroanatomic areas is reflected in the gradual involvement of
cognitive domains other than memory. The severity of pathological AD in brain areas involved
in cognitive functions as memory, attention, executive function, language, visuospatial
function and praxis is mirrored by clinical deterioration that can be objectively evaluated and
provide a reliable methodology for estimating the neuroanatomic extent and severity of the
underlying biological disease process. These clinico-pathological associations, however, begin
to lose their validity with the development of coexistent pathological features such as CVD in
the aging population. [125] Careful clinical and radiological evaluation is needed to ensure
that features associated with the severe stage of AD are not representative of coexistent CVD,
DLB, or other diseases.

Psychiatric and behavioral disturbances

Overview

The neuroanatomic involvement of prefrontal subcortical limbic regions is an early feature of
pathological AD.[8,11,12] Reflecting this is the early, often prodromal appearance of
neuropsychiatric and behavioral alterations that become more fulminate and problematic as
AD progresses.[126] Depression, anxiety, irritability, aggressiveness, apathy, euphoria, sleep
and appetite disturbances, motor restlessness, hallucinations, delusions, and paranoia are
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typical features of fulminate AD that are routinely assessed in Alzheimer’s Disease Centers
using the informant based Neuropsychiatric Inventory (NPI).[127] These features can be the
presenting signs of an impending dementia years before cognitive decline becomes apparent
and are often the most difficult to deal with from the perspective of the caregiver, friends,
family, and clinicians of persons with AD at any stage.

Preclinical Alzheimer’s disease

The emergence of de novo neuropsychiatric symptoms of depression and anxiety can appear
years before even a diagnosis of MCI is made. One recent study from the Mayo Clinic showed
that both were significant predictors of impending cognitive decline in the elderly.[126] Almost
2/3 of persons over the age of 65 with new onset depression or anxiety developed MCI or
dementia in a subsequent 12 year period. The de novo development of these symptoms in
persons over the age of 65 should immediately prompt an evaluation for an underlying
dementia. Apathy is also a common precursor and should alert the caregiver, friends, family,
and clinicians to the possibility offutureAD. [128] Other more developed or severe
neuropsychiatric features are not commonly seen in the early stages of biological AD, but do
become more prevalent as the disease progresses and neuronal dysfunction and death involve
more extensive areas of the brain.[129] Earlier appearance of psychotic or behavioral
symptoms such as overt, well-formed hallucinations, delusions, obsessions, compulsions,
personality changes, and socially inappropriate behaviors should raise the possibility of
alternate non-AD causes such as DLB and FTD.[129-135]

Mild cognitive impairment

Depression and anxiety are increasingly prevalent at this stage of disease.[136] Other
psychiatric and behavioral symptoms begin to appear and can include delusions and paranoia
often related to beliefs that others have stolen or moved objects.[136] and reflect the underlying
primary involvement of the Papez circuitry and short term memory dysfunction.[23] Irritability
and agitation can ensue as persons in this stage of AD try to make sense of their world and
maintain their construct of reality that is progressively fragmenting. Motor restlessness may
be an expression of underlying anxiety. Overt, well-formed hallucinations are rare at this stage
of disease and again should prompt a consideration of non-AD causes for decline. [129-135]
Mild sleep disturbances may begin to emerge with disruption of the normal circadian rhythm.
Exaggeration of basic personality traits is also often seen, e.g., the needy becoming needier,
the hostile becoming more aggressive, etc. These behavioral and psychiatric alterations reflect
the spread of pathology into frontal and limbic areas involved in regulation and suppression
of inappropriate behaviors. Overall social graces are maintained and neuropsychiatric
symptoms other than depression, anxiety, and irritability are usually not major issues in MCI.
Data from the Cardiovascular Health Study based on the NPl demonstrate significant elevations
of overall scores that fall midway between subjects with normal cognition and those with AD.
[137]

Mild Alzheimer’s disease

The development of functional decline sufficient to meet DSM criteria for dementia and the
subsequent diagnosis of AD by NINCDS/ADRDA criteria is accompanied by a concomitant
increase in the extent and severity of neuropsychiatric and behavioral symptoms.[129,137]
Depression, anxiety, irritability are now accompanied by more widespread evidence of sleep
disturbance, more prominent features of delusions and paranoia, the emergence of motor
restlessness in some, severe apathy, and social withdrawal. These features are associated with
progressive involvement of widespread frontal lobe regions, and increasing severity of disease
in previously affected limbic regions. Overt hallucinations are still rarely seen in this early
stage of disease, but by now most cortical regions are showing changes of AD.[8,11,12]
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Circadian disturbances are poorly understood in AD, but could reflect either early neuronal
dysfunction in hypothalamic or brain stem nuclei involved in sleep (which have been poorly
investigated), or altered signaling to these areas from AD-involved cortical areas. Personality
and behavioral changes beyond the above mentioned are rare as the person with AD is able to
maintain a sense of self throughout this stage of disease.

Moderate Alzheimer’s disease

As the disease progresses in severity in affected limbic and neocortical regions, the psychiatric
and behavioral features seen in early stages progress. Frank hallucinations begin to emerge and
delusions become more integrated into the construct of reality. [129,137] Motor restlessness,
often manifested through picking or scratching behaviors, can lead to recurrent superficial skin
infections. Social inappropriateness can become problematic and lead to social isolation for
persons with AD and their immediate circle of caregivers, friends, and family. The symptoms
become more difficult and resistant to treat and begin to emerge as the primary issues of concern
for all involved in the care of the person with AD.

Severe Alzheimer’s disease

Summary

In the final stages of AD, the construct of reality is completely fragmented. Familiarity with

family, friends, and caregivers exists only in the implicit, rather than explicit state. Worsening
hallucinations and behavioral agitation, for those that experience these symptoms, soon give
way to progressive apathy. Engagement in all activities eventually ceases and the person with
AD becomes bedridden, and the outcome is inevitably death.

Psychiatric and behavioral disturbances can be seen across the spectrum of clinical phenotypes
of ADand are not merely reactive, but instead reflect the progressive neuroanatomic
involvement of key structures including limbic areas affected by AD. While psychiatric
manifestations of AD such as depression and anxiety can precede the development of cognitive
decline in AD, early onset hallucinations, delusions, or severe behavioral disturbances should
alert the examining clinician to the possible presence of a non-AD degenerative dementia such
as DLB or the behavioral variant of FTD. As these individual disease states progress, the
distinction provided by the early occurrence of such symptoms begins to blur. The severe stage
of dementia, irrespective of biological cause, almost universally includes profound psychiatric
and behavioral disturbances.

Functional decline

Overview

Impairment of daily social, educational, or occupational functioning is essential for a clinical
diagnosis of AD.[61,113] Indeed, by the endstage of disease, functional impairment in all
activities is affected resulting in complete dependency. The primary importance of functional
decline in establishing the cutoff for transition from multidomain amnestic MCI to early AD
cannot be understated. This is the sole criterion distinguishing these stages of disease.[61,68,
75,113,119] In routine clinical practice, the level of functional impairment is determined by
the examining clinician and is purely subjective. Additionally the assessment of functional
impairment is often confounded by societal and lifestyle demands as well as the development
of comorbid medical conditions. Comorbid medical conditions that can affect daily function
inthe elderly are numerous, ranging from physical limitations related to musculoskeletal causes
such as severe arthritis and sarcopenia, to visual loss related to glaucoma and macular
degeneration. Distinguishing functional decline caused by comorbidities from that of AD can
challenge even the most experienced clinician. Early attempts aimed at developing quantitative
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measures to assess functional impairment in those with AD are underway and may provide
tools that will allow a more uniform and consistent assessment of functional decline in AD
across the cognitive continuum.[138-141]

Preclinical Alzheimer’s disease

By definition, persons with pAD are fully functional and will not be discussed further in this
section.

Mild cognitive impairment

By definition, persons with MCI should not be experiencing considerable functional decline.
Any functional impairment experienced must be below the clinical threshold to warrant a
diagnosis of dementia by DSM criteria, otherwise, the appropriate diagnosis would be AD.
[61,68,75,113,119] Nonetheless, subtle changes in functional performance have been
documented across studies in persons with MCI, typically involving complex skills dependent
on short term memory functions that reflect the early biological involvement of medial
temporal lobe limbic structures in AD.[113,140,141] Persons with MCI more commonly
struggle with, but are able to successfully accomplish, functional activities relating to their
social, educational, and occupational activities. For example, an executive secretary finds that
she is able to complete her tasks appropriately, but that a normal 8 hour workday has now
transformed into a 12 hour struggle. She is not objectively functionally impaired in ultimate
accomplishments, but the increasing time required to complete her routine tasks could be
considered a functional impairment. The judgment call on behalf of the examining clinician is
subjective. For many in the field, this arbitrary distinction is less meaningful than the realization
that she suffers from an underlying biological disease process known as AD. The biological
diagnosis in this case was supported by structural MRI showing medial temporal lobe atrophy,
PET with the characteristic signature of AD, and CSF analysis demonstrating elevated total/
phospho-tau and reduced B-amyloid levels characteristic of biological AD. The clinician’s call
influences the patient/caregiver preparation for the ensuing difficulties she is likely to
experience, influences the choice of therapeutic intervention and the likelihood that her
prescription insurance will cover any prescribed medication, and further influences her ability
to engage in clinical trials of potential disease-modifying agents that are being developed.
Clearly the differentiation of MCI from early AD deserves a more objective discriminant.

Recent work in the field has focused on developing an objective measure of functional
impairment that may aid clinicians in making diagnostic distinctions with far reaching
consequences. Assessments of monetary and financial abilities have been quantified and
provide an objective measure of functional abilities.[141] While such developments hold
promise for the future, normative data are lacking and assessment of decline from one
individual to the next based on cross sectional evaluation is unhelpful. More work is needed
in this area if researchers and clinicians are to continue to rely on clinical rather than biological
diagnostic criteria in the diagnosis of the underlying biological disease state of AD.

Mild Alzheimer’s disease

Major functional decline in the most advanced independent ADLSs is first seen at this stage of
disease. [138-141] Difficulties with complex financial management precede and often predict
the future development of difficulties with simple monetary exchanges.[141] Occupational
impairment almost universally leads to retirement, disability, or loss of job through firing of
persons with AD at this stage. Driving may be impaired and the operation of telephones, other
appliances, and electronic gadgetry may be affected.[142—-146] Yet, most of the more basic
ADLs may be entirely intact. Shopping, cooking, cleaning, simple hobbies, and bathing,
dressing, feeding and continence may be preserved. Measures of global cognitive decline such
as the CDR and GDS rely on identifying functional changes in staging the disease process.
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[66,76] Others such as the MMSE and Mattis Dementia Rating Scale have been highly
correlated with stages of functional decline.[114,115] The American Academy of Neurology
Practice Parameter on driving for persons with dementia uses a CDR global score of 1 to
indicate the need to cease driving, whereas a scale score of 0.5 with a diagnosis of AD is
considered potentially safe.[144] Such global cognitive assessment instruments may be useful
at the stages of mild/moderate/severe AD in assessing functional decline independent of
performance, but this is clearly not the case in MCI.

Moderate Alzheimer’s disease

As persons with AD progress along the cognitive continuum, they develop increasing
difficulties with simple ADLs. At the moderate stage of AD, cooking, cleaning, operation of
complex electrical appliances and simple finances become impaired. Supervision is absolutely
necessary for medication administration to avert potential health care crises. Assistance is often
needed to prompt persons with moderate AD to engage in routine hygiene and grooming
activities, although they may still be able to perform such activities independently to some
degree. Clothes for the day often need to be laid out and assistance with dressing in the proper
sequence may be required. Feeding behaviors often devolve, and at this stage the person with
AD often regresses to the use of a single eating utensil or even a reliance on finger foods in
the later stages of disease. Twenty-four hour supervision is almost universally necessary,
although some degree of independence in basic ADLs can still be seen.

Severe Alzheimer’s disease

Summary

As persons approach and enter the stage of severe AD characterized by MMSE<14 and CDR
3, the underlying AD pathology, coexistent pathological features, and or age related atrophy
have almost completely engulfed the brain and they become essentially entirely reliant on
others for almost all of their daily care. Casual conversation and physical abilities may be
preserved as one enters the severe stage of AD, but as the disease progresses complete
dependence ensues and all meaningful function essentially ends. At this point in the continuum
of AD, affected persons become bedridden and death ultimately ensues from comorbid or other
medical conditions.

The arbitrary cutoff of predementia (MCI) from dementia (AD) based on functional impairment
may hold little meaning unless more rigorous methods for the assessment of subtle functional
impairment that are both valid and reliable are developed. While functional impairment and
decline remain the most critical issues affecting the lives of those stricken with biological AD,
once they progress to the early stages of MCI, it has little practical use in identifying pAD
using current assessment measures. The recognition of pAD remains dependent on the
development of preclinical biological markers of disease, at least for the time being.

Conclusions

The continuum of AD, from pAD in subjects with normal cognition, through MCI, and the
stages of AD manifests in a predictable pattern of progressive cognitive, psychiatric,
behavioral, and functional clinical impairment reflecting the underlying neuroanatomic
involvement and extent of the biological disease process. Clinical signs and symptoms allow
accurate identification of the underlying disease process in the more advanced stages of mild,
moderate, and severe AD but not in diagnosing or monitoring disease progression in pAD and
are questionable in MCI without supportive biological evidence. A reliable surrogate marker
or combination of markers for biological AD with high diagnostic validity is essential as
researchers and clinicians push back the diagnosis of AD to encompass pAD, allowing earlier
therapeutic intervention and the possibility of curing the disease before the first subtle clinical

J Alzheimers Dis. Author manuscript; available in PMC 2011 January 1.



1duasnuey Joyiny vVd-HIN 1duasnue Joyiny vd-HIN

1duasnuey Joyiny vd-HIN

Jicha and Carr

Page 16

signs and symptoms of AD can be detected. These advances are all extremely exciting, and
the wealth of biological targets and number of compounds undergoing current evaluation are
reasons for cautious hope that a cure for biological AD is on the horizon.
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Figure 1.

Simplified schematic of the Papez circuit. Early Alzheimer’s disease (AD) pathological
changes start in the entorhinal cortex, spreading through the perforant pathway to involve the
CALl & 3 hippocampal subfields leading to anterograde amnesia. Later involvement includes
pathological spread into the cingulate cortex and eventually the entire neocortex leading to
both short-term and long-term memory impairment (retrograde amnesia). Limbic systems
involved in emotion, behavior, arousal, and cortical activation including the amygdala and
nucleus basalis of Meynert converge on this pathway and are heavily involved in the early
stages of biological AD. This simplified schematic does not imply a linear or regimented
progression for all cases of AD, but rather a generalization schema for understanding the typical
progression of disease.

J Alzheimers Dis. Author manuscript; available in PMC 2011 January 1.




1duasnuey Joyiny vVd-HIN 1duasnue Joyiny vd-HIN

1duasnuey Joyiny vd-HIN

Jicha and Carr Page 25

Memory Complaint

v

Not normal for age
Not demented
Cognitive decline
Essentially normal functional activities

MCI

Memory Impairment?

Amnestic MCI Non-amnestic MClI

Memory Only? Single Domain?

* YES

Amnestic MCI
Single-domain

YES NO *

Non-amnestic Non-amnestic
MCI Single- MCI Multi-
domain domain

Amnestic MCI
Multi-domain

Incomplete
differential
diagnosis: AD, HS,

Incomplete
differential
diagnosis: AD,
vab, ...

Incomplete Incomplete
differential differential
diagnosis: FTD, diagnosis: FTD,
VaD, AD?... DLB, AD?, ...

Figure 2.

Diagrammatic algorithm for the diagnosis of MCI subtypes proposed by the 2" International
Working Group on MCI [68,75]. Subgroup classification may allow for the formulation of a
differential diagnosis for the cognitive profile characteristic of each group that remains
unproved at present. Abbreviations: MCI, mild cognitive impairment; AD, Alzheimer’s
disease; HS, hippocampal sclerosis; VaD, vascular dementia; FTD, frontotemporal dementia;
DLB, dementia with Lewy bodies.
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Table 1

NINCDS-ADRDA criteria for Alzheimer’s disease. [61]

Diagnosis

Unlikely Alzheimer’s
Disease

Possible Alzheimer’s
Disease

Probable Alzheimer’s
Disease

Definite Alzheimer’s
Disease

Criteria

Dementia with sudden onset, focal neurologic signs, seizures, or gait
disturbance early in the illness

Dementia with atypical onset, presentation, or progression without known
etiology, absence of co-morbid disease capable of producing dementia

Dementia established by clinical and neuropsychological examination.
Cognitive impairments are progressive and present in two or more areas of
cognition. Onset of deficits between 40 and 90 years of age and absence of
other diseases capable of producing dementia.

Criteria for probable Alzheimer's disease have been met and there is
histopathologic evidence of AD from autopsy or biopsy.
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Table 2
The original Mayo Clinic criteria for amnestic MCI1.[67,119]

MCI Criteria

Memory complaint, preferably corroborated by an informant
Objective memory impairment

Normal general cognitive function

Intact activities of daily living

Not demented

J Alzheimers Dis. Author manuscript; available in PMC 2011 January 1.

Page 27



1duasnue Joyiny vd-HIN 1duasnue Joyiny vd-HIN

1duosnue Joyiny vd-HIN

Jicha and Carr

Table 3

Page 28

Proposed “new” criteria for a diagnosis of Alzheimer’s disease (AD) that does not rely on functional decline seen
in the later stages of disease, but rather utilizes supportive imaging and cerebrospinal fluid analysis to identify

both the clinical and biological processes reflective of AD in its earliest stages.[44]

New, proposed criteria for Alzheimer’s disease

Probable AD: A plus one or more supportive features B, C, D, or E
Core diagnostic criteria
A. Presence of an early and significant episodic memory impairment that includes the following features:
1. Gradual and progressive change in memory function reported by patients or informants over more than 6 months

2. Objective evidence of impaired episodic memory on testing: this generally consists of recall deficit that does not
improve or does not normalize with cueing or recognition testing and after effective encoding of information has been
previously controlled

3. The episodic memory impairment can be isolated or associated with other cognitive changes at the onset of AD
or as AD advances

Supportive features
B. Presence of medial temporal lobe atrophy

« VVolume loss of hippocampi, entorhinal cortex, amygdala evidenced on MRI with qualitative ratings using visual
scoring (referenced to well characterized population with age norms) or quantitative volumetry of regions of interest
(referenced to well characterized population with age norms)

C. Abnormal cerebrospinal fluid biomarker

« Low amyloid B;_4, concentrations, increased total tau concentrations, or increased phospho-tau concentrations, or
combinations of the three

« Other well validated markers to be discovered in the future
D. Specific pattern on functional neuroimaging with PET
« Reduced glucose metabolism in bilateral temporal parietal regions
« Other well validated ligands, including those that foreseeably will emerge such as Pittsburg compound B or FDDNP
E. Proven AD autosomal dominant mutation within the immediate family
Exclusion criteria
History:
« Sudden onset
« Early occurrence of the following symptoms: gait disturbances, seizures, behavioral changes
Clinical features:
« Focal neurological features including hemiparesis, sensory loss, visual field deficits
« Early extrapyramidal signs
Other medical disorders severe enough to account for memory and related symptoms:
* Non-AD dementia
« Major depression
« Cerebrovascular disease
« Toxic and metabolic abnormalities, all of which may require specific investigations
* MRI FLAIR or T2 signal abnormalities in the medial temporal lobe that are consistent with infectious or vascular insults
Criteria for definite AD
AD is considered definite if the following are present:

« Both clinical and histopathological (brain biopsy or autopsy) evidence of the disease, as required by the NIA-Reagan
criteria for the postmortem diagnosis of AD; criteria must both be present

« Both clinical and genetic evidence (mutation on chromosome 1, 14, or 21) of AD; criteria must both be present
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