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Abstract

Dementia, especially Alzheimer’s disease, has a high prevalence in the elderly population. Therefore, identifying individuals who
are at a high risk for early diagnosis is crucial to allow both pharmacological and behavioral therapeutic interventions, which in some
cases can delay the progression of dementia. This paper describes neuropsychological and neurobiological markers for the early
diagnosis of Alzheimer’s disease and presents the main risk factors, including neuropathological, neuroanatomical, neurofunctional,
genetic, and neuropsychological. The literature shows that the combination of these markers is the best method for predicting
Alzheimer’s disease, years before its clinical manifestation. The most prevalent neurobiological and neuropsychological risk factors
include (1) senile plaques and neurofibrillary tangles in the medial temporal lobe and cortical regions, (2) low concentrations of
AP1-42 peptide and high concentrations of total tau protein and phosphorylated tau protein in cerebrospinal fluid, (3) reduced
global cerebral volume, increased ventricular volume, and atrophy in the hippocampal formation and entorhinal cortex, (4) global
reductions in cerebral metabolism and perfusion in the temporoparietal junction, temporal, parietal, and frontal lobes, hippocampal
formation, and posterior cingulate cortex, (5) the presence of the apolipoprotein E &4 allele, and (6) verbal anterograde episodic
long-term memory impairment and executive dysfunction. The present review discusses the evidence for markers that identify
individuals who are at a high risk of developing Alzheimer’s disease and the importance of longitudinal studies in this context.
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Introduction

Ageing has direct consequences on public health
systems and the economies of developing countries. In
almost all countries, the proportion of people over 60 years
of age is growing faster than any other age group (World
Health Organization, 2009). Brazil has experienced one
of the greatest accelerations of growth of the elderly
population in the past several years (Argimon & Stein,
2005; Camarano, 2004; Ramos, Veras, & Kalache, 1987).
By 2025, Brazil could rank sixth in the world in terms of
its proportion of older people (Banhato, & Nascimento,
2007; Kalache, 1991; Kalache, Veras, & Ramos, 1987).

Dementia, especially Alzheimer’s disease (AD),
has a high prevalence in the elderly population
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(Lopes & Bottino, 2002; Nitrini et al., 2002; Oliveira,
Duarte, Lebrdo, & Laurenti, 2007; Prince, Acosta,
Chiu, Scazufca, & Varghese, 2003). According to
the Diagnostic and Statistical Manual of Mental
Disorders, 4th edition, text revision (DSM-IV-TR),
AD is characterized by memory loss associated with
other cognitive changes, including language disorders,
an impaired ability to perform motor activities despite
intact motor function, a failure to recognize or identify
objects despite intact sensory function, a prejudice of
executive functioning, and resulting impairments in
daily living (American Psychiatric Association, 1994).
Considering this epidemiological and demographic
background, identifying individuals at risk for dementia
is crucial. Although still generating controversy and
ethical discussions, the early diagnosis of dementia
allows both pharmacological and behavioral therapeutic
interventions, reduces stress levels for families, reduces
the risks of accidents, extends autonomy, and avoids or
delays the beginning of the dementia process in some
cases (Anstey et al., 2008; Myers, Kluger, Golomb,
Gluck, & Ferris, 2008; Ritchie, & Touchon, 2000). The
identification of individuals who are at a greater risk of
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developing dementia prepares patients and their families
for the possibility of the progression to dementia and
thus allows them to plan future strategies. (Petersen et
al., 2001).

The present paper discusses the possible
neuropsychological and neurobiological markers for
the early diagnosis of AD and defines the concept of
mild cognitive impairment (MCI) as a transitional stage
between normality and dementia in the ageing process.
The objective of this review is to present the major
neuropathological, neuroanatomical, neurofunctional,
genetic, and neuropsychological risk factors for AD.

Mild cognitive impairment

There is intense debate about the concept of
“normality” in the ageing process. During the past
decade, several studies have suggested that the majority
of elderly persons do not show cognitive decline (Busse,
Hensel, Guhne, Angermeyer, & Riedel-Heller, 2006;
Petersen et al., 2009; Plassman et al., 2008; Hénninen,
Hallikainen, Tuomainen, Vanhanen, & Soininen, 2002;
Unverzagt et al., 2001). However, cognitive decline is
observed among some individuals who will eventually
develop dementia (Busse et al., 2006; Fischer et al.,
2007; Petersen et al., 2009; Solfrizzi et al., 2006).

Different diagnostic entities and clinical concepts
have been proposed to characterize the transition between
normal ageing and the dementia process. The first clinical
concepts sought to describe cognitive impairment,
especially with regard to memory, within the limits of
physiologically normal ageing (Crook, Bartus, Ferris,
Whitehouse, Cohen, & Gershon, 1986; Kral, 1962; Levy,
1994; World Health Organization [WHO], 1993). These
concepts were followed by other diagnostic systems for
identifying individuals who are at risk for developing
specific forms of dementia (Gauthier et al., 2006; Morris,
1993; Petersen, Smith, Waring, Ivnik, Tangalos, &
Kokmen, 1999; Petersen et al., 2009; Reisberg, Ferris,
De-Leon, & Crook, 1982; Winblad et al., 2004). These
diagnostic system studies were the foundation for the
contemporary concept of MCL

Mild cognitive impairment was initially proposed as
a prodromal condition for AD and emphasized memory
impairment as a characteristic of that condition. The
criteria for MCI included memory complaints (preferably
corroborated by an informant), memory impairment
documented according to appropriate reference values,
essentially normal performance in non-memory-related
cognitive domains, generally preserved daily living
activities, and a lack of dementia (Petersen et al., 1999).

Subsequent revisions of the MCI concept resulted
in a distinction between amnestic MCI (aMCI) and
nonamnestic MCI (naMCI). Each of these MCI subtypes
can be further divided into single and multiple domain
classifications. Thus, the concept of MCI includes four
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subtypes: aMCI single domain (the main requirement
of which is objective memory impairment but not
deficits in other cognitive domains), aMCI multiple
domain (the main requirement of which is objective
memory impairment and deficits in at least one other
cognitive domain), naMCI single domain (characterized
by objective impairment in a single cognitive domain
other than memory), and naMCI multiple domain
(characterized by objective impairment in at least two
cognitive domains other than memory (Petersen, 2004;
Petersen et al., 2009; Winblad et al., 2004).

Epidemiological data from different countries have
shown a prevalence rate of MCI in the range of 14% to
18% for individuals aged 70 years and older (Busse et al.,
2006; Das et al., 2007; Di Carlo et al., 2007; Fischer et al.,
2007; Ganguli Dodge, Shen, & DeKosky, 2004; Hanninen
etal., 2002; Lopez et al., 2003; Manly et al., 2008; Palmer,
Béckman, Winglad, & Fratiglioni, 2008; Plassman et al.,
2008; Petersen et al., 2009; Roberts et al., 2008; Unverzagt
et al., 2001). Despite variations, the overall estimated
incidence rates of nonspecific MCI have been in the range
of 51 to 76.8 cases per 1,000 person-years. For the aMCI
subtypes, the incidence ranges from 9.9 to 40.6 cases per
1,000 person-years. For the naMCI subtypes, the incidence
is 28 to 36.3 cases per 1,000 person-years. The factors that
increase the risk for MCI are higher age, lower education,
and hypertension (Busse et al., 2006; Caracciolo et al.,
2008; Chaves, Camozzato, Godinho, Piazenski, & Kaye,
2009; Luck, Luppa, Briel, & Riedel-Heller, 2010; Manly et
al., 2008; Ravaglia et al., 2007; Solfrizzi et al., 2004; Tervo
et al., 2004; Verghese et al., 20006).

Despite methodological diversity, epidemiological
studies agree that individuals with MCI present a higher
risk for developing dementia compared with the elderly
population without cognitive impairment. The conversion
rates to dementia range from 3% to 24% per year,
depending on the sources of the samples (Busse et al.,
2006; Farias, Mungas, Reed, Harvey, & De Carli,, 2009;
Fischer et al., 2007; Petersen et al., 2009; Ravaglia et al.,
2007, Solfrizzi et al., 2004; Tschanz et al., 2006). Studies
that have enrolled participants from referral sources show
higher conversion rates compared with those that address
a population from an epidemiological perspective.
However, in both cases, the rates were always elevated
compared with the base incidence rates of dementia and
AD of 1% to 2% per year (Petersen et al., 1999).

The clinical concepts of MCI that show higher
conversion rates for AD probably are those that are more
restrictive and include elderly persons with episodic
memory deficits (Backman, Jones, Berger, Laukka, &
Small, 2005; Bozoki, Giordani, Heidebrink, Berent, &
Foster, 2001; Petersen et al., 1999; Ravaglia et al., 2007;
Tierney et al., 1996). Typically, aMCI shows a higher
probability of conversion to AD and, to a lesser degree,
vascular dementia, whereas naMCI is likely to show
far more variability in terms of progression to various
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forms of dementia (e.g., frontotemporal dementia and
primary progressive aphasia; Busse et al., 2006; Fischer
et al., 2007; Yaffe et al., 2006; Yaffe et al., 2011a;
Petersen, 2004). Some individuals with MCI may show
long-term stability with regard to cognitive deficits or
even achieve normal standards over time (Loewenstein,
Acevedo, Agron, & Duara, 2007).

Thus, the concept of MCI itself has low specificity
and low predictive value. However, increasing the
knowledge of the variability in the transition from
normal ageing to dementia and the risk factors for
dementia in MCI is very important.

Despite some differences among MCI studies in
terms of criteria, study design, and samples, the results
consistently point to the possibility of biologically and
psychologically identifying very early signs of dementia
long before it can be diagnosed.

Recent studies have investigated the possibility of
making predictions of AD before the criteria for MCI are
met. Very subtle delayed recall and losses in executive
function were shown to predict a greater likelihood of
developing AD within 5 years. This pre-MCI is also
known as the subjective cognitive impairment (SCI)
stage of AD (Reisberg & Gauthier, 2008).

Subjective cognitive impairment has complex
relationships with depression and anxiety. Differences
between SCI subjects and age-matched non-SCI
controls were found in cognitive tests, hippocampal
gray matter density, hippocampal volume, cerebral
metabolism (Mosconi et al.,, 2008a), and urinary
cortisol levels. These data suggest a continuum between
SCI, MCI, and dementia. These studies supported the
previous estimates of the duration of the SCI stage of
approximately 15 years prior to the development of
MCI (Reisberg & Gauthier, 2008).

Neuropsychological markers

Controversial results have been found about which
cognitive functions and tasks are the best indicators
of future dementia and the development of AD. The
majority of studies found that episodic memory is an
important predictive factor, but the results of other
cognitive functions have been highly variable (Albert
et al., 2001; Backman et al., 2005; Blacker et al., 2007,
Bondi et al., 2008; Daly et al., 2000; Elias et al., 2000;
Linn et al., 1995; Small, Fratiglioni, Viitanen, Winblad,
& Backman, 2000; Tierney et al., 1996). Fabrigoule et
al. (1998) suggested two main causes for these results:
variability of pre-dementia periods (1 to 22 years) and
colinearities of neuropsychological tests.

Many recent studies have investigated cognitive
markers that predict dementia, especially with regard to
AD (Béckman et al., 2005; Blacker et al., 2007; Bondi et
al., 2008). The results are consistent regarding the role of
anterograde episodic memory during the pre-dementia
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stages of AD. In longitudinal studies, verbal associative
learning tasks (e.g., California Verbal Learning Test, Rey
Auditory Verbal Learning Test, Verbal Associated Pairs
of Wechsler Memory Scale-Revised — WMS-R) have
been able to differentiate groups of elderly subjects with
subclinical cognitive impairment that converted to AD
from groups who remained stable (Albert et al., 2001;
Daly et al., 2000; Elias et al., 2000; Linn et al., 1995;
Tierney et al., 1996). Tasks that assess immediate and
delayed (20 to 30 min) free recall of new information
have also proven to be useful for predicting AD,
particularly when they use verbal information. The
majority of studies indicate that verbal episodic memory
is a major predictor for the conversion to AD in elderly
persons with MCI (Albert et al., 2001; Linn et al., 1995;
Meyer, Xu, & Thornby, 2002; Small et al., 2000; Tierney
et al., 1996; Touchon & Ritchie, 1999).

Bozoki et al. (2001) demonstrated that normal
elderly people with a higher probability of developing
AD exhibited memory deficits associated with mild
impairment in other cognitive functions. In this study,
the authors investigated episodic memory, naming, digit
repetition, verbal fluency, and visuo-constructive ability
(Cubes of Wechsler Adult Intelligence Scale - WAIS-
III). During a 2-year period, Tierney et al. (1996) studied
123 elderly persons with impairments in only memory
and found that 29 of these subjects developed AD. The
combination of free recall of a list of words (RAVLT) and
the WMS-R mental control test (attention and working
memory) differentiated the cases that converted to AD
from those who did not convert to AD, with 75.9%
sensitivity and 93.6% specificity. Albert et al. (2001)
performed a similar study and showed that memory
impairment (total learning in the CVLT and immediate
recall in the visual reproduction subtest of the WMS-R)
associated with executive dysfunction (i.e., execution
time of trail making form B and the self-ordering task)
was able to differentiate 80% of the patients with a CDR
(Clinical Dementia Rating) value of 0.5 who converted to
AD from those who remained stable.

Thus, impairment of the central executive of
operational memory was also a predictive factor
for conversion to AD. Central executive function
includes selection, operation, and temporary storage of
information during operation (Baddeley, 1995, 1996).
When the central executive fails, deficits occur in the
inhibitory control of interference, flexibility of thinking,
and short-term memory (Albert et al., 2001; Daly et al.,
2000; Tierney et al., 1996).

Another cognitive domain that has been suggested
to be an important predictive factor for the conversion
to AD in elderly persons with MCI is the functioning
of semantic memory and abstract verbal reasoning.
This cognitive domain consists of the capacity to
access concepts, meanings, and information acquired
during life (Squire, 1986; Tulving, 1995). The lower
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performance of MCI patients who converted to AD,
compared with those who did not, in verbal fluency
tests for categories, similarities (WAIS), and naming by
visual confrontation and the use of semantic cues in free
recall tests provides clinical evidence of the contribution
of semantic memory to the characterization of pre-
dementia AD (Elias et al., 2000; Linn et al., 1995).

Elias et al. (2000) demonstrated the importance
of combining episodic and semantic memory tests in a
prospective 22 year study of the predictive factors of AD.
By comparing two samples consisting of elderly persons
who did not develop AD for at least 5 years and elderly
persons who remained stable for at least 10 years, they
found that only some tests successfully differentiated
elderly persons who converted from those who did not
convert. Learning tests, immediate recall, and abstract
thinking were able to predict the development of AD in the
elderly at least 5 years before the diagnosis could be made.

Other markers have been studied. Small et al.
(2000) and Meyer et al. (2002) observed the role of
time orientation in the MMSE (Mini Mental State
Examination). Touchon and Ritchie (1999) showed that
processing velocity measured by reaction time could
predict the development of AD.

In summary, a detriment in verbal anterograde
episodic memory is one of the main markers for the
conversion to AD. Detriments in other cognitive
domains, combined with memory impairment, contribute
to the discrimination between elderly persons who
convert to AD and those who remain stable. Evidence of
executive dysfunction and decline of the semantic system
characterizes the pre-dementia stages of AD.

Neuropathological markers for Alzheimer’s
disease

Neuropathological studies have shown that elderly
persons with MCI, especially the amnestic form, present
senile plaques and neurofibrillary tangles in the medial
temporal lobe and cortical regions. The majority of
aMCI patients show a neuropathological pattern similar
to that observed in AD, but at an insufficient level that is
considered by some authors as an incipient or pre-dementia
stage of the disease (Bennett, Schneider, Bienias, Evans, &
Wilson, 2005; Morris et al., 2001; Petersen et al., 2006;
Price & Morris, 1999; Salmon et al., 2002).

Reflecting on the classic neuropathological features
of AD, many MCI patients, especially those with an
AD-like profile, present a so-called cerebrospinal fluid
(CSF) “AD signature” (Wiltfang et al., 2005). They
display low concentrations of AB1-42 peptide and
high concentrations of total tau (T-tau) protein and
phosphorylated tau (P-tau) protein (Hansson etal.,2006;
Mattsson et al., 2009). These biomarkers are important
predictors of AD and the progression from MCI to AD,
with diagnostic accuracy higher than 80% (Andreasen et
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al., 2001; Diniz, Pinto Juiiior, & Forlenza, 2008; Pereira
et al., 2010; Riemenschneider et al., 2002; Shaw et al.,
2009). Cross-sectional and longitudinal studies and
recent advances in functional imaging techniques such
as positron emission tomography (PET) have measured
pathological signs of AD in vivo, with similar findings
(Forlenza et al., 2010; Okello et al., 2009).

Brain structural and functional markers

Brain structural changes in AD mainly include a
global cerebral volume reduction, increased ventricular
volume, and atrophy in both the hippocampal formation
and entorhinal cortex (Apostolova et al., 2006). The
same pattern is considered an important diagnostic
marker for MCI and risk factor for AD, with evidence
from cross-sectional and longitudinal studies (Bottino
et al., 2002; Du et al., 2001; Jack et al., 1997; Killiany
et al., 2000). Although on a smaller scale than AD,
gray matter loss may already be present in patients
with MCI (Davatzikos, Xu, An, Fan, & Resnick, 2009;
Seo et al., 2007; Singh et al., 2006), especially in those
who later convert to AD. In these patients, gray matter
loss occurs selectively in areas that have been shown
to be compromised in AD (e.g., hippocampal and
parahippocampal structures, posterior cingulate cortex,
middle and inferior temporal gyri, posterior cingulate
gyrus, precuneus, temporoparietal junction, and frontal
cortex) (Davatzikos et al., 2009; Haméldinen et al.,
2007; Ridha et al., 2006; Ries et al., 2008; Tapiola et al.,
2008; Trojanowski et al., 2010).

Functional neuroimaging data have corroborated
pathophysiological and structural studies. Many MCI
patients, particularly aMCI patients, exhibit metabolic
and brain activation patterns similar to those found in
AD, but to a lesser degree. These studies (i.e., using
fluorodeoxyglucose PET [FDG-PET] and single-
photon emission computed tomography) found global
reductions in cerebral metabolism and perfusion in the
temporoparietal junction, temporal, parietal, and frontal
lobes, hippocampal formation, and posterior cingulate
cortex in the range between healthy elderly subjects and
patients with AD (Mosconi et al., 2008b; Nobili et al.,
2008). Longitudinal studies also showed a similar pattern
of functional brain changes that was more frequent in
subjects with MCI who converted to AD (Chetelat et al.,
2005; Fennema-Notestine, McEvoy, Hagler, Jacobsona,
& Daleb, 2009; Mosconi et al., 2004; Ries et al., 2008).

Functional magnetic resonance imaging (MRI) studies
found anomalous patterns of brain activation during an
episodic memory task. Medial temporal (Johnson et al.,
2004; Johnson et al., 2006) and bilateral (Petrella et al.,
2006) frontal regions showed anomalous patterns of
activation in MCI patients compared with cognitively
healthy adults during the encoding phase of episodic
memory tasks. Activity was also altered compared with
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healthy subjects in medial parietal regions such as the
posterior cingulate cortex, bilateral frontal regions, and
left hippocampus during memory retrieval (Johnson et
al., 2006; Petrella et al., 2006; Ries et al., 2008). These
anomalies in activation correlated with performance in
terms of episodic memory (Ries et at., 2008).

Functional MRI studies also showed alterations in
activation of the medial frontal and parietal regions,
regions related to self-awareness, in MCI patients.
Although still controversial, these results are interesting
because anosognosia to varying degrees is observed in
AD. Moreover, longitudinal data indicated that MCI
patients who lack accurate awareness are more likely
to develop AD compared with those with more accurate
awareness (Dickerson et al., 2005; Ries et al., 2008).

Genetic markers

The €4 allele, a variant of the apolipoprotein E
(ApoE) gene, is associated with changes in brain
function and is a prominent genetic risk factor for non-
familial and familial late-onset AD (Corder et al., 1993;
Rao et al., 1996). The variations in the prevalence of the
disease worldwide likely occur because of differences
in the frequency of the ApoE &4 allele. The disease is
less common in Africa and India.

Despite the strong association between the e4 allele
and AD, few studies have investigated the impact of ApoE
€4 status on cognitive performance in adults and elderly
who do not meet the diagnostic criteria for AD. The results
are still controversial about which cognitive functions
are impaired (Jacobson et al., 2005; Rosen et al., 2005;
Greenwood, Williams & Geary, 2005; Duchek et al.,
2009) and about the age at which this impairment could
be a marker for the precocious form of AD (Parasuraman,
Greenwood, & Sunderland, 2002; Greenwood et al., 2005;
Ramakers et al., 2008; Negash et al., 2009).

While still incipient and only based on studies that
used experimental paradigms, more consistent findings
have shown that non-AD &4 allele carriers exhibit a
decline in visuospatial attention (Negash et al., 2009;
Greenwood et al., 2005), working memory (Wishart et
al., 2006; Parasuraman et al., 2002; Greenwood et al.,
2005), semantic access (Rosen et al., 2005), free recall
and learning in episodic memory (Ramakers et al.,
2008; Greenwood et al., 2005), and prospective memory
(Driscoll, Howard, Prusky, Rudy, & Sutherland, 2005).
Parasuraman et al. (2002) showed that the more evident
effects of the €4 allele on cognitive function occur in
healthy individuals, effects that appear to dissipate
in studies of the elderly. Performance, especially in
visuospatial attention tasks, is qualitatively similar to
that observed in AD. They claimed that visuospatial
attention might be associated with the modulation of
cholinergic receptors in the posterior parietal cortex.
Wishart et al. (2006) used a working memory paradigm
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and fMRI and found higher bilateral activation of the
frontal lobes, parietal medial regions, and prefrontal
dorsolateral cortex in carriers of the €4 allele.
Investigations of cognitive markers in individuals
with the €4 allele before they present symptoms of AD
might help in the early diagnosis of this degenerative
disease and might contribute to the development
of methodologies for the detection of AD based on
neuropsychological assessment models.

Multiple marker combinations

Several AD markers have been consistently shown
to be present in most MCI cases and have been linked
to a high probability of the conversion from MCI to
dementia, especially from aMCI to AD. However, no
single marker alone is able to predict which cases will
convert to AD and which cases will not. To increase the
predictive value and specificity, several studies have
investigated a combination of risk factors (Devanand et
al., 2008; Ries et al., 2008).

Generally, combinations of markers have shown
more predictive and specificity power than isolated
markers. In a cross-sectional and longitudinal study,
Zhang, Wang, Zhou, Yuan, and Shen (2011) combined
MRI, FDG-PET, and CSF biomarkers to classify
MCI compared with healthy controls and achieved a
combined classification accuracy of 76.4%, sensitivity
of 81.8%, and specificity of 66%, whereas the best
accuracy of an individual biomarker modality was only
72%. Moreover, 91.5% of MCI converters and 73.4% of
MCI non-converters were correctly classified.

In a 3-year follow-up study, Devanand et al. (2008)
found that combining five predictors (i.e., Informant
report of functioning, Olfactory identification test,
Selective immediate recall in a verbal memory task, MRI
hippocampal volume, and entorhinal cortex volume)
of 10% false positives (i.e., 90% specificity) had the
highest sensitivity (i.e., 85.2%) compared with other
combinations of these markers. This combination also
had higher predictive power compared with other studies
(e.g., combining MMSE/verbal recall measures with MRI
hippocampal volume/medial temporal lobe atrophy or
ApoE genotype), leading to moderately strong accuracy
(65-84% correctly classified) in predicting the conversion
to AD (Tierney et al., 1996; Visser et al., 2002).

Different markers might have more predictive
value at different moments in the transition from MCI
to dementia. Hinrichs, Singh, Xu, and Johnson (2011)
proposed that at baseline neither neuropsychological
measures nor imaging modalities have a strong ability
to detect which subjects will convert to AD because
cognitive and structural changes will be more marked
later on, especially when the criteria for subject
selection requires that they should be homogeneous
in terms of cognitive characteristics. In their study, a
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model based on all combined imaging modalities had
a better AUC (area under curve) at baseline than the
neuropsychological measures. Longitudinal imaging
improved the model, suggesting that a significant portion
of the neurodegeneration responsible for the subjects’
conversion to AD occurs after the diagnosis of MCI.

Trojanowski et al. (2010) proposed a model for
the temporal ordering of AD biomarkers in which AB
amyloid biomarkers are the first to become abnormal.
Subsequently, changes in neurodegenerative biomarkers
become apparent (CSF tau, FDG-PET, MRI), and these
are followed by the onset of clinical symptoms. The
timing of these changes is variable among individual
patients according to genetic and environmental factors
that modulate an individual’s resilience to progressive
accumulations of AD pathologies.

Final considerations

This review presented the main neuropsychological,
neuropathological, genetic, and brain neuroimaging
markers of the early diagnosis of AD. The combination of
these markers is the best method for predicting AD years
before the clinical manifestations of the disease. The most
predominant neurobiological and neuropsychological
risk factors include (1) senile plaques and neurofibrillary
tangles in the medial temporal lobe and cortical region,
(2) low concentrations of AB1-42 peptide and high
concentrations of T-tau and P-tau in CSF, (3) reduced
global cerebral volume, increased ventricular volume,
and atrophy in the hippocampal formation and entorhinal
cortex, (4) global reductions in cerebral metabolism and
perfusion in the temporoparietal junction, temporal,
parietal, and frontal lobes, hippocampal formation, and
posterior cingulate cortex, (5) the presence of the ApoE
€4 allele, and (6) verbal anterograde episodic long-
term memory impairment and executive dysfunction.
These markers allow the identification of individuals
at a high risk for developing AD. The study of these
individuals has resulted in the concepts of pre-MCI and
MCI, and a better comprehension of these diagnostic
concepts is crucial for the development of preventive
therapeutic interventions. Longitudinal studies that
use different combinations of neurobiological and
neuropsychological markers for AD are likely to be the
most productive in the coming years. The development
of similar instruments and methodological approaches
worldwide will provide a basis for the operational
definition of this diagnostic entity (i.e., preclinical AD).
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