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Abstract The neuropathological processes eventually

leading to Alzheimer’s disease (AD) are thought to start

decades before the appearance of clinical symptoms and

the clinical diagnosis of AD dementia. The term ‘‘pre-

clinical AD’’ has been recently introduced to identify this

‘‘silent stage’’ of AD, when the disease is already present,

but symptoms are not yet clinically evident. Advances in

AD biomarkers have dramatically improved the ability to

detect AD pathological processes in vivo in cognitively

intact subjects, thus demonstrating the presence of AD

pathology in the preclinical phase. This review focuses on

the recent advances in the field of neuroimaging and CSF

AD biomarkers specifically in the preclinical phase of AD,

and aims to discuss the significance that such biomarkers

could have in cognitively intact subjects. Even though the

use of such biomarkers in AD preclinical phase has con-

tributed to improve our understanding of AD early patho-

logical processes, it raised also a number of new challenges

that still remain to be overcome, such as a better definition

of the clinical and individual significance of currently

known biomarkers in preclinical stages and the develop-

ment of novel biomarkers of different early AD-related

events.
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Introduction

The term ‘‘preclinical’’ Alzheimer’s disease (AD) has been

proposed to identify the ‘‘silent stage of AD’’—when the

disease is already present, but symptoms are not yet clin-

ically evident. This is the stage in the AD pathophysio-

logical continuum, when disease-modifying treatments are

supposed to be more effective [1]. The existence of this

stage has been supposed for years [2], but the actual

identification of preclinical AD has been possible thanks to

recent advances in neuroimaging and cerebrospinal fluid

(CSF) assays, which made it possible the demonstration

in vivo of AD pathophysiological processes. In particular,

the possibility to non-invasively study the presence of AD

pathological processes has stimulated the creation of large-

scale databases, which included also cognitively intact

subjects and thus permitted the demonstration of the con-

tinuum of AD pathophysiological process, which begins

decades before overt dementia symptoms occur.

The criteria for preclinical AD recently proposed by the

US National Institute on Aging-Alzheimer’s Association

(NIA-AA) workgroups, identified three stages [1]:

– Stage 1: evidence of amyloid-b (Ab) accumulation on

positron emission tomography (PET) Ab imaging or

CSF assays (Fig. 1).

– Stage 2: cerebral amyloidosis plus evidence of neu-

rodegeneration, as elevated CSF tau levels or abnor-

malities on functional or structural neuroimaging.

– Stage 3: amyloidosis plus neurodegeneration with

evidence of very subtle cognitive decline that does
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not yet meet the criteria for mild cognitive impairment

(MCI) (Fig. 2).

Two additional categories have further been proposed [3]:

– Stage 0: older individuals with no biomarker evidence

of AD pathology (Fig. 3).

– Suspected non-Alzheimer pathology (SNAP): individ-

uals showing biomarkers of neurodegeneration without

positive markers of amyloid accumulation (Fig. 4).

The preclinical phase of AD is hence primarily defined

by changes in biomarkers, and cognitive and behavioral

changes become subtly evident only in its last stage (stage

3). The term ‘‘preclinical’’ is different from and was pre-

ferred with respect to ‘‘presymptomatic’’, to underline that

symptoms in the form of very subtle cognitive changes

could arise several years before the condition of MCI occur

[4].

Several studies have shown that the presence of AD

biomarkers in clinically normal older individuals is asso-

ciated with increased risk of cognitive decline. The ability

of the recommended NIA-AA criteria for the diagnosis of

preclinical AD to predict progression to cognitive impair-

ment [1] has been recently tested in a large cohort of

cognitively normal individuals who underwent brain

Fig. 1 Example case of cognitively intact subject (74 years old,

education: 5 years) with positive amyloid PET (a) and negative FDG

PET (b). a amyloid PET shows Ab accumulation in frontal, temporal

and occipital lobes, more pronounced in the right hemisphere. b FDG

PET scans shows normal brain metabolic activity, particularly in

temporo-parietal regions

Fig. 2 Example case of a patient (53 years old, education[18 years)

with mild cognitive impairment and both amyloid PET (a, b) and

FDG PET (c, d) positive. a, b amyloid PET shows widespread

cortical Ab accumulation in both hemispheres. c, d FDG PET shows

reduced metabolic activity in temporo-parietal regions, in precuneus

and posterior cingulate cortex

Fig. 3 Example case of cognitively intact subject (58 years old,

education: 8 years) with negative amyloid PET (a) and negative FDG

PET (b). a amyloid PET shows no tracer uptake in cortical gray

matter, but only aspecific uptake in white matter. b FDG PET scans

shows normal brain metabolic activity, particularly in temporo-

parietal regions

Fig. 4 Example case of cognitively intact subject (55 years old,

education: 5 years) with negative amyloid PET (a) and positive FDG

PET (b). a amyloid PET shows no tracer uptake in cortical gray

matter, but only aspecific uptake in white matter. b FDG PET shows

hypometabolism in parietal lobes (particularly left parietal lobe), in

posterior cingulate and precuneus, and in frontal lobes (particularly on

the right side)
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magnetic resonance imaging (MRI) or [18F] fluo-

rodeoxyglucose (FDG) and [11C] Pittsburgh compound B

(PiB) PET. Subjects had global cognitive test scores, and

were followed for at least 1 year. Of the 296 initially

normal subjects, 31 (10 %) progressed to a diagnosis of

mild cognitive impairment (MCI) or dementia (27 amnestic

MCI, 2 nonamnestic MCI, and 2 non-AD dementias)

within 1 year. The proportion of subjects who progressed

to MCI or dementia increased with advancing NIA-AA

stage (stage 0, 5 %; stage 1, 11 %; stage 2, 21 %; stage 3,

43 %). Authors hence suggested that despite the short

follow-up period, the new preclinical AD recommenda-

tions confirmed that advancing preclinical stage led to

higher proportions of subjects who progressed to MCI or

dementia [5, 6].

The formal definition of the preclinical phase of AD

marked a paradigm shift in the way AD is considered: from

a debilitating disease affecting more and more people to a

disease that is already sub-clinically affecting and will

probably affect everyone. Indeed, according to the criteria

and the proposed stages of preclinical AD, everyone will

enter in the AD trajectory, sooner or later. The question is

not whether, it is when. Under the proposed criteria, even

cognitively intact subjects that are negative for all known

AD biomarkers could not be considered ‘‘AD-free’’, but

they could be considered in the stage 0 of preclinical AD.

In this scenario, the research in the field of AD biomarkers

is crucial, to determine the likelihood and the moment in

which a subject could enter in the AD trajectory, or could

be considered ‘‘AD-free’’.

The relationship between AD biomarkers and AD pre-

clinical phase is particularly relevant for several reasons;

first of all, preclinical AD is by definition characterized by

changes in those biomarkers. Moreover, the preclinical

phase of AD would hopefully give significant information

about disease pathogenesis, mainly on the time sequence of

early pathological events. Finally, the preclinical popula-

tion is the most relevant from a therapeutic point of view,

since it may be the only one in which disease-modifying

actions could work.

This review focuses on the recent advances in the field

of neuroimaging and CSF AD biomarkers specifically in

the preclinical phase of AD, and aims to discuss the sig-

nificance that such biomarkers could have in cognitively

intact subjects.

Biomarkers, risk and resilience factors: three
different entities around cognitive decline

The definition of ‘‘Biological marker’’ or ‘‘Biomarker’’

provided by the Biomarkers Definitions Working Group is:

‘‘…a characteristic that is objectively measured and

evaluated as an indicator of normal biological processes,

pathogenic processes, or pharmacologic responses to a

therapeutic intervention’’ [7]. Biomarkers contribute to

monitor health status and disease detection, and can pro-

vide a basis for the selection of candidates for clinical

trials, and for characterization of the subtypes of disease

for which a therapeutic intervention is most appropriate [8].

In AD clinical trials, biomarkers can be employed: (1) to

improve the selection accuracy of trial participants; (2) for

stratification of AD patients; (3) to monitor safety; (4) to

identify and monitor the biochemical effects of drugs [9].

Biomarkers can further provide the possibility to charac-

terize and validate drug mechanisms of action, to monitor

AD course and progression, and to evaluate therapeutic

response/outcome [10]. The development of imaging tools

for diagnosis of AD and monitoring disease progression is

a clinical research effort of the Biomarker Consortium

which was convened by the Foundation for the National

Institute of Health under FDA’s Critical Path initiative

[11].

The five most well-established biomarkers of AD have

been divided into two major categories: measures of brain

Ab deposition and measures of neurodegeneration—de-

fined as a progressive loss of neurons or their processes

(axons and dendrites) with a corresponding progressive

impairment in neuronal function [12]. Brain Ab deposition

can be assessed by measuring Ab levels in CSF [13] and by

PET amyloid imaging [14]. Measures of neurodegeneration

are increased concentrations of CSF total tau (t-tau) and

phosphorylated tau (p-tau) [13], hypometabolism at FDG

PET [15] and atrophy at structural MRI [16].

Biomarkers should not be confused with risk factors;

whilst the formers are indicators of a pathological process,

the latters are characteristics of an individual associated to

an increased risk of developing a disease. The greatest risk

factor for late-onset ‘‘sporadic’’ AD and other dementias is

age [17]. In the development of preclinical biomarkers, age

should hence be taken into account in determining the

threshold for biomarker positivity.

The apolipoprotein E (APOE) e4 allele is a major sus-

ceptibility gene and genetic risk factor for AD [18]. It has

been suggested to play an unfavorable role in Ab deposi-

tion, neuronal maintenances, neuronal signaling pathways,

and cytoskeletal structure and function [19]. APOE geno-

type has been associated with an earlier age at onset of AD,

with dosage effect according to the number of e4 alleles

[20].

Family history is another major risk factor for devel-

oping AD [21]. Moreover, epidemiological studies

demonstrated a parent of origin effect, showing that

maternal family history may have a greater impact than

paternal transmission [22]. The genetic and pathological

basis of such increased susceptibility to AD conferred by
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maternal family history is not completely known. It has

been suggested a role of epigenetic imprinting and mito-

chondrial DNA transmission [21].

Particular variants of AD are the rare early-onset dom-

inantly inherited forms of AD. Three major genetic loci for

familial AD have been identified: APP (amyloid precursor

protein) on chromosome 21q, PSEN1 (presenilin 1) on

chromosome 14q, and PSEN2 (presenilin 2) on chromo-

some 1q. Within these three genes over 200 mutations have

been found, capable of causing early-onset AD. Studies of

the effects of these genetic mutations demonstrated an

abnormally increased Ab accumulation in the brain, and

suggested the central role of Ab in the pathogenesis of AD

[23].

There are several differences between risk factors for

AD versus biomarkers of AD. Genetic status remains

constant throughout life, whereas biomarkers are dynamic

as they reflect the current state of pathophysiology [24]. A

biomarker-negative individual could therefore become

biomarker-positive later in life course, thus entering the

pathological trajectory. In AD, risk factors could define the

likelihood of entering the AD pathological trajectory at

some point and the slope of such trajectory, while

biomarkers could suggest the point of the AD trajectory

where an individual currently lies (Fig. 5).

Moreover, the interaction between AD biomarkers and

risk factors and the point in the AD pathological trajectory

when clinical symptoms become manifest, are influenced

by resilience factors such as cognitive reserve (CR). CR

refers to ‘‘differences in cognitive processes as a function

of lifetime intellectual activities and other environmental

factors that explain differential susceptibility to functional

impairment in the presence of pathology or other neuro-

logical insult’’ [25]. CR has been proposed to account for

the frequent discrepancy between a person’s underlying

level of brain pathology (or age-related changes) and the

observed functional and/or cognitive deficits that are

expected to result from that pathology [25]. The effect of

CR on brain metabolism in subjects with preclinical AD

was recently explored, showing that higher education was

associated with lower brain metabolic activity at FDG PET

in amyloid-positive individuals [26]. These results suggest

that CR had a compensatory function to sustain cognitive

ability in presence of early AD pathology [26].

These three entities have been firstly studied and largely

analyzed in AD patients as separate factors [9, 14, 15],

extensively in MCI subjects [13], but only at a limited

extent in preclinical stages, obviously because of the dif-

ficulty to study these factors in such a large-scale popula-

tion. However, the study of cognitively intact individuals

not only added important information about the ‘‘AD tra-

jectory’’ on the preclinical phase, but such information

would also be more crucial in this phase, since the cogni-

tively intact population may be the only one in which

disease-modifying actions could work. Lot of work still

remains to be done to determine an ‘‘individual AD tra-

jectory’’, based on individual risk and resilience factors and

biomarkers levels.

Biomarkers of preclinical AD

Amyloid PET imaging

The use of amyloid PET imaging in AD found its basis on

the amyloid cascade hypothesis, which, although contro-

versial, it is the dominant AD etiologic theory [27].

According to this hypothesis, Ab deposition is the first and

initiating event in the pathological process, eventually

leading to alterations in neural function and cognitive

decline.

The advent of PET Ab imaging has provided a novel

in vivo non-invasive way to visualize some of the brain

pathological changes that were previously restricted to

invasive or post-mortem studies. The non-invasive nature

of such imaging technique has also stimulated its use in

large-scale databases including a number of cognitively

intact subjects, thus permitting to demonstrate that Ab
deposition is actually a very early event in AD pathological

process [28].

PET radiotracers are derivatives of histopathologic

stains, and bind specifically to fibrillar forms of Ab, in

particular to sites of the b-sheet structure [29]. Among the

many Ab radiotracers that have been synthesized, only a

few of them proved effective for imaging in vivo Ab [30].

Historically, 18F-FDDNP was the first reported PET tracer

to image AD pathology, both Ab and tau protein deposi-

tions [31]. 11C-PiB is currently the most widely studied

Fig. 5 The hypothesized AD pathological trajectory. Risk and

resilience factors could determine both the slope of the AD trajectory

and its intercept with the X axis (i.e., the moment of entering the

trajectory). Biomarkers may determine at which point of the

trajectory an individual lies
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tracer for Ab PET imaging [14]. More recently, several

18F-labeled radiotracers were synthesized, such as 18F-

florbetapir, 18F-florbetaben and 18F-flutemetamol [32–35],

and are now available for clinical use.

Since the earliest amyloid PET studies [14], elevated

amyloid tracers uptake has been reported in a significant

proportion of cognitively intact subjects, with percentages

varying from 21 to 33 %, especially in older individuals.

These data are comparable to the age-related frequency of

neuropathological AD alterations on post-mortem exami-

nation of cognitively intact adults [36, 37].

The spatial distribution of Ab PET tracers in amyloid-

positive cognitively intact individuals is similar to AD

patients, demonstrating high cortical binding in the pre-

cuneus/posterior cingulate cortex, gyrus rectus, frontal

cortex, in lateral temporal and parietal cortices (although to

a lesser extent), with relative spare of occipital and sen-

sorimotor regions and minimal binding in the cerebellum

[14, 36–38]. Interestingly, it has been noted that this pat-

tern of amyloid deposition overlaps the regions denoted as

‘‘multimodal cortex’’, a network of cortical hubs and brain

areas involved in complex cognitive processes [39].

The issue of amyloid positivity of normal individuals has

challenged amyloid PET imaging scientific world for years,

to demonstrate if it meant the crossing of a threshold in the

AD trajectory or not. Some studies tested the significance of

‘‘amyloid positivity’’ in cognitively intact individuals,

reporting an increased rate of atrophy [40] and greater clinical

worsening [41, 42] in amyloid-positive subjects. Moreover,

longitudinal amyloid imaging studies demonstrated higher

increase in Ab deposition in amyloid-positive than in nega-

tive subjects [28, 43]. The most significant changes were

observed in prefrontal, parietal and lateral temporal cortices

[43], and this trend seems to reverse in subjects with very high

baseline tracer uptake, consistently with the concept that Ab
deposition is a saturable process [43].

In familial dominantly inherited AD patients, in which

the preclinical phase has been extensively studied, amyloid

positivity at PET imaging has been documented many

years before expected symptoms onset [44–46]. Interest-

ingly, in mutation carriers the cerebral amyloid load pattern

differs from that observed in sporadic AD, with predomi-

nant tracer uptake in the striatum and thalamus [44–46].

The cognitively intact population is the most suitable to

test the interactions between AD risk factors and

biomarkers, because there is no confounding variables due

to disease severity. The two main AD risk factors, i.e., age

and ApoE4, have been shown to have a significant impact

on Ab deposition in cognitively intact subjects. In partic-

ular, the prevalence of amyloid-positive PET scans con-

sistently increases with age [38] and with APOE e4 dose

[47, 48]. Besides, a familial, especially maternal, history of

AD has been associated with increased Ab deposition [49].

Limitations of amyloid PET imaging

Although amyloid PET imaging represents at present the

only way to visualize in vivo the deposition of fibrillar Ab,

and it has been capable to demonstrate the presence of such

pathologic alteration in brains of cognitively intact indi-

viduals, putting them in the hypothesized condition of

preclinical AD, it is important to acknowledge some lim-

itations of this approach.

First of all, these PET Ab biomarkers are not sensible

markers of soluble oligomeric forms of Ab, which are

thought to be the most toxic species to synaptic function,

but visualize only fibrillar forms, which represent the final

result of amyloid aggregation [50]. This limitation could be

of unique importance in the preclinical phase of AD, since

it is a very initial phase when Ab accumulation is ongoing

and oligomeric forms could be more present and convey

their most toxic potential.

Besides, the AD pathophysiological model and the

amyloid cascade hypothesis, even if based on scientific

strong theories, may be incomplete: the exact etiology of

AD remains uncertain and mithocondrial, inflammatory,

metabolic, cytoskeletal and other alterations could play a

key, maybe more important than Ab, role in the patho-

genesis of the disease [51, 52].

So far the approach to amyloid PET studies has been

essentially dichotomous, lacking a quantitative evaluation

of the amyloid load, which instead represents a meaningful

point in neuropathologic assessment of AD [53]. Accurate

quantification of amyloid load could be especially mean-

ingful in preclinical AD, hopefully showing the process of

Ab accumulation before reaching the well-known plateau.

Further studies are ongoing to develop better radiotracer

uptake quantification methods, which could be particularly

relevant in cases with intermediate Ab accumulation and

for establishing common cut-off values [54].

Finally, the results in preclinical AD were obtained from

cognitively intact subjects from community-recruited

studies and selection biases may be present. This could

have influenced both the prevalence of amyloid-positive

PET scans and the rate of conversion to clinical AD.

Imaging neurodegeneration: FDG PET imaging

FDG is the most widely used tracer for brain PET imaging

and measures cerebral glucose metabolism, which reflects

brain synaptic activity. FDG PET imaging has been firstly

and extensively performed in cognitively impaired patients

(with AD or MCI), and it consistently demonstrated sig-

nificant reduction of cerebral glucose metabolic activity in

patients with AD, even at early stages. The specific pattern

associated with AD is characterized by hypometabolism in

temporo-parietal regions, posterior cingulate cortex,

Neurol Sci (2016) 37:663–672 667
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precuneus and medial temporal lobes [55]. The temporo-

parietal pattern of hypometabolism has been considered a

biomarker of AD-related synaptic dysfunction and

neurodegeneration.

Some cognitively intact subjects may exhibit significant

reduction of cerebral glucose metabolic activity involving

temporo-parietal regions, and they may be considered to be

in the preclinical phase of AD. Such hypometabolic pat-

tern, similar to that observed in AD, can precede the onset

of symptoms by many years [56], and it has been consid-

ered to reflect the early (maybe reversible) synaptic dys-

function of preclinical AD, and not the massive

neurodegeneration (not reversible) typical of advanced AD.

Although brain hypometabolism could be observed in

absence of clinical symptoms (maybe due to compensatory

cerebral circuits), it is not the other way around: AD

clinical symptoms rarely, if ever, occur without the pres-

ence of brain hypometabolism. The severity, extent and

topography of metabolic impairment usually correlate to

the severity of cognitive symptoms, after their appearance.

The significance of brain hypometabolism in cognitively

intact subjects has been studied in a few longitudinal

studies, showing that it represents a ‘‘moment’’ above the

hypothesized threshold in the AD trajectory. These FDG

PET studies in cognitively intact subjects demonstrated

that cerebral metabolic reductions preceded cognitive

decline from normal cognition to mild cognitive impair-

ment to AD, with over 80 % accuracy [57].

Evidence of cerebral glucose metabolic reduction in the

preclinical phase has been shown also in presymptomatic

individuals carrying autosomal dominant genetic mutations

associated with early-onset familial AD [58]. The AD-

typical FDG PET abnormalities have been observed sev-

eral years before the predicted age of onset of cognitive

impairment, suggesting that the ‘‘threshold crossing’’ in

these particular subjects happens very early in life [59].

Several AD risk factors significantly interact with brain

metabolic activity and, as in amyloid imaging, the preclinical

phase of the disease is the most suitable one to study such

interaction. FDG PET studies demonstrated the AD-typical

pattern of cerebral glucose hypometabolism in APOE e4
allele cognitively intact carriers as compared to non-carriers

[47]. Interestingly, such synaptic abnormalities seem to occur

independently from the presence of fibrillar cerebral Ab
accumulation as detected by neuroimaging [60]. Moreover,

cerebral metabolic deficits in AD-vulnerable regions have

been observed in cognitively intact subjects with AD family

history, in particular with maternal family history [61].

Limitations of FDG PET imaging

FDG PET imaging is a very well known and studied

neuroimaging technique, with a well-established clinical

role as a biomarker of several neurodegenerative disorders,

both dementias and parkinsonisms.

Although the AD-specific hypometabolic pattern is

usually typical of the AD spectrum, from its preclinical

phase to the dementia stage, cerebral metabolic reductions

cannot distinguish among stages. Besides, there could be

heterogeneity in patterns of hypometabolism, which could

be due to individual differences (particularly in risk factors

and cognitive reserve) or to age-related comorbid condi-

tions (i.e., vascular disease) [62]. Therefore, doubts could

remain as to whether cerebral metabolic impairment could

be due to AD or to other causes.

Finally, to use FDG PET to document the metabolic

decline from preclinical to prodromal AD, and also in the

view of using this biomarker to test preventive measures

for AD, more accurate measurements of cerebral glucose

metabolic activity, such as absolute quantification, may be

necessary [63, 64].

Despite these limitations, however, FDG PET still rep-

resents an accurate and reliable biomarker of neurodegen-

eration, even in the preclinical phase of AD, and it remains

one of the most widely used neuroimaging techniques

useful to follow the disease progression.

CSF biomarkers

CSF biomarkers belong to the category of pathophysio-

logical markers and reflect the two degenerative processes

of AD pathology, amyloidosis and tauopathy paths [65].

The typical AD CSF pattern consists of decreased levels of

Ab42 and increased values of p-tau and t-tau, a pattern

commonly referred as the ‘‘AD signature’’ [66]. The AD-

signature pattern has been extensively studied and vali-

dated in AD patients, but the alterations of such CSF

biomarkers can be observed also in cognitively intact

subjects, putting them in the condition of preclinical AD.

Several studies on familial AD cases confirmed that

changes from normal to pathological levels of CSF

biomarkers occur 10–15 years before clinical onset of AD

[67]. However, the exact time sequence is still under

debate. Studies on cognitively intact subjects have tried to

provide answers to this question, which is crucial in this

preclinical population mainly to establish the best disease-

modifying action to start with. Some studies showed

decreased CSF Ab42 levels before the increasing of tau,

suggesting that amyloid pathology starts before neuronal

dysfunction and neurodegeneration [68]. Other neu-

ropathological studies described intraneuronal tau inclu-

sions (pretangles, neurofibrillary tangles, neuropil threads)

years before the deposition of Ab plaques [69].

CSF Ab42 levels represent the other biomarker of brain

amyloid deposition in alternative to amyloid PET imaging.

Several studies reported a general concordance between

668 Neurol Sci (2016) 37:663–672
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low Ab42 concentration and amyloid PET positivity, sug-

gesting that the decreased CSF concentration of the peptide

reflects its deposition in cortical plaques [70]. However, in

a small proportion of patient there is discordance between

Ab CSF and amyloid PET results, suggesting that these

biomarkers could measure slightly different aspects of AD

Ab pathology [71].

CSF p-tau levels represent another measure that is

derived from CSF assays and correlate with the amount of

neocortical neurofibrillary tangles pathology and likely

reflects the phosphorylation state of tau and the formation

of tangles in the brain [72]. CSF t-tau represents the

intensity of both acute neuronal damage and chronic neu-

ronal degeneration in the brain. This marker is associated

with a faster progression from MCI to AD and to a higher

mortality rate in AD patients [73].

Recently, a new CSF marker has been described: the

Visinin-like protein 1 (VILIP-1), a neuronal calcium-sen-

sor protein. VILIP-1 concentration predicts rates of whole

brain and regional atrophy similarly to t-tau and p-tau and

may provide a surrogate for neurodegeneration in early AD

and in preclinical phase [74].

Some studies have evaluated whether CSF biomarkers

may predict cognitive decline in cognitively intact elderly

individuals. A recent meta-analysis shows that the preva-

lence of amyloid pathology increased from age 50 to 90

from 10 to 44 % in cognitively intact individuals [75]. The

presence in normal elderly of CSF AD-signature pattern

has been associated with the future development of cog-

nitive decline and dementia, thus suggesting CSF positivity

alone could put a subject in the AD trajectory, i.e., in the

preclinical phase of AD [76–79].

Limitations of CSF biomarkers

Low Ab42 levels alone are not specific of AD, since patho-

logical alteration of this biomarker has been found also in

non-AD dementias, such as Dementia with Lewy Bodies

(DLB) or Vascular Dementia (VD) [80]. The Cochrane

Review [76] confirmed that single CSF biomarkers abnor-

mality is not accurate to predict conversion to AD. Among

CSF markers, p-tau 181 (tau phosphorylated at the threonine

181) is the most specific of AD [81].

Moreover, CSF biomarkers present several biases. CSF

values show a high (20–30 %) inter-assay and inter-labo-

ratory variability, and there is not a consensus on the cut-

offs [82]. Because of the lack of reproducibility, CSF

results from different laboratories cannot be directly com-

pared and longitudinal studies are unfeasible. To define

universal cut-off levels, sources of ‘‘procedural bias’’ and

‘‘confounding factors’’ must be considered. For these rea-

sons, inter-laboratory quality control surveys are essential,

to standardize measurements [82].

CSF biomarkers’ predictive performance could be

improved by taking into account confounding factors as

age, genotype status and follow-up length. A recent meta-

analysis, including such confounding factors, revealed that

Ab42/p-tau ratio can predict with high sensitivity (81 %)

and specificity (91 %) the conversion to AD among MCI

individuals younger than 70 years, while the predictive

power decreases for older MCI subjects [83].

Despite the reported biases, CSF biomarkers are useful

in the identification of preclinical AD status. CSF levels of

Ab and tau reflect brain neuropathology and can be useful

to monitor the effect of AD therapy in vivo.

Future perspectives

The recent availability of large databases has given the

unique opportunity to test AD biomarkers not only in

cognitively impaired patients, but also in cognitively intact

individuals, thus allowing the recognition and definition of

a preclinical phase of AD. Currently available biomarkers

proved very effective in the identification of AD patho-

physiological processes, however, it is clear that much

remains to be discovered.

The challenge with currently available biomarkers (CSF

or neuroimaging) is to find a reliable approach to document

the transfer from healthy aging to preclinical AD. Bio-

marker thresholds combined with risk factors could rep-

resent the answer; longitudinal large-sample studies are

required to test this crucial transition.

The presence of AD biomarkers in cognitively intact

individuals confers an increased risk of developing

dementia, but an accurate quantification of the likelihood

of progression or individual reliable prognosis is still

lacking. Such limitation is due to an incomplete knowledge

of all AD risk factors, which may accelerate the decline to

dementia, and of protective factors, such as cognitive

reserve, which could delay the onset of symptoms.

Moreover, research on the exact AD pathological pro-

cesses is still very active, and the introduction of novel

preclinical AD biomarkers is expected. Novel Ab radio-

tracers with less not-specific binding and faster wash-out

have been synthesized and probably will become available

in the next future [84]. Several tau radiotracers are being

developed, which will be able to visualize tau pathology

not only in AD, but also in other neurodegenerative dis-

orders [85, 86]. The non-invasive monitoring of tau pres-

ence in the brain will expand the knowledge of lesion-

associated proteins during life span as opposed to post-

mortem end-stage pathology.

It is urgent the search of novel biomarkers of AD-related

events (e.g., flogosis) that will improve our understanding

of the early AD pathological processes, to not only identify
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with higher accuracy individuals in the preclinical phase of

AD, but also to develop more effective treatments.

Final remarks

The field of AD biomarkers has assisted many advances

during the past decade, mainly with the advent of amyloid

imaging. Now we know that a significant proportion of cog-

nitively intact individuals (mostly beyond the age of 65) is

positive to almost one of the known main AD biomarkers, so

we should state that their brain is already showing AD

pathology at some degree. What we know up to now is that

their prognosis in time is worse than in biomarker-negative

individuals, however, we cannot state yet that they will all

become ouvert AD before biomarker-negative individuals.

Thus, the follow-up of cognitively intact biomarker-positive

individuals will continue to give relevant information on the

clinical significance of biomarker positivity.

Progressive changes in biomarker levels have been

documented during time, ultimately leading to cognitive

impairment. Data are still lacking to define the importance

of the time profile of these changes in anticipating the

advent of clinical symptoms.

Moreover, some points are still obscure: the exact

sequence of cause-to-effect relationship between different

biomarkers is complex, and not yet fully understood, and

their time sequence has been only hypothesized.

Researchers are still discussing about the possible role of

different pathological processes that could lead to AD [87],

and the recent possibility to visualize tau deposits in the

brain and to detect the presence of inflammation [88] will

probably increase biomarkers impact in the field of AD in

general, but mostly in its preclinical phase.

Finally, since the prognosis of each single individual

associated with biomarker positivity is still unclear; and

ethical issues, such as the idea that we could diagnose AD

in normal individuals, have not yet been fully addressed,

much work remains to be done: the preclinical AD revo-

lution has just begun.
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73. Sämgård K, Zetterberg H, Blennow K et al (2010) Cerebrospinal

fluid total tau as a marker of Alzheimer’s disease intensity. Int J

Geriatr Psychiatry 25:403–410. doi:10.1002/gps.2353

74. Tarawneh R, Head D, Allison S et al (2015) Cerebrospinal fluid

markers of neurodegeneration and rates of brain atrophy in early

alzheimer disease. JAMA Neurol 72:656–665. doi:10.1001/jama

neurol.2015.0202

75. Jansen WJ, Ossenkoppele R, Knol DL et al (2015) Prevalence of

cerebral amyloid pathology in persons without dementia: a meta-

analysis. JAMA 313:1924–1938. doi:10.1001/jama.2015.4668

76. Ritchie C, Smailagic N, Noel-Storr AH et al (2014) Plasma and

cerebrospinal fluid amyloid beta for the diagnosis of Alzheimer’s

disease dementia and other dementias in people with mild cog-

nitive impairment (MCI). Cochrane Database Syst Rev

6:CD008782. doi:10.1002/14651858.CD008782.pub4

77. Mattsson N, Insel PS, Donohue M et al (2015) Predicting

reduction of cerebrospinal fluid b-amyloid 42 in cognitively

healthy controls. JAMA Neurol 72:554–560. doi:10.1001/jama

neurol.2014.4530

78. Schoonenboom NSM, Reesink FE, Verwey NA et al (2012)

Cerebrospinal fluid markers for differential dementia diagnosis in

a large memory clinic cohort. Neurology 78:47–54. doi:10.1212/

WNL.0b013e31823ed0f0

79. Vos SJ, Xiong C, Visser PJ et al (2013) Preclinical Alzheimer’s

disease and its outcome: a longitudinal cohort study. Lancet

Neurol 12:957–965. doi:10.1016/S1474-4422(13)70194-7

80. Slaets S, Le Bastard N, Theuns J et al (2013) Amyloid pathology

influences ab1-42 cerebrospinal fluid levels in dementia with

lewy bodies. J Alzheimers Dis 35:137–146. doi:10.3233/JAD-

122176

81. Koopman K, Le Bastard N, Martin J-J et al (2009) Improved

discrimination of autopsy-confirmed Alzheimer’s disease (AD)

from non-AD dementias using CSF P-tau(181P). Neurochem Int

55:214–218. doi:10.1016/j.neuint.2009.02.017

82. Mattsson N, Andreasson U, Persson S et al (2013) CSF biomarker

variability in the Alzheimer’s Association quality control pro-

gram. Alzheimers Dement 9:251–261. doi:10.1016/j.jalz.2013.

01.010

83. Ferreira D, Rivero-Santana A, Perestelo-Pérez L et al (2014)
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