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Neurochemical dementia diagnostics: assays in CSF and blood

j Abstract In this review, current neurochemical
dementia diagnostics (NDD) procedures are presented
with a focus on biomarkers in the cerebrospinal fluid
(CSF) and blood: amyloid b peptides, tau protein, and
its phosphorylated form (pTau). CSF analysis is an
increasingly important tool for early and differential
diagnosis of dementia syndromes. Although lumbar
puncture is a mildly invasive procedure with a low
incidence of complications, establishing blood assays
capable of reliably measuring NDD biomarkers is an
aim of several studies worldwide.

j Key words dementia Æ cerebrospinal fluid Æ
tau Æ amyloid Æ Alzheimer’s disease

Introduction

Dementia is a rapidly growing challenge for the health
care system worldwide. Regarding Alzheimer’s dis-

ease (AD), however, the increasing number of patients
is currently not met by increasingly accurate stan-
dards of durante vitam diagnosis. Although sensitiv-
ity of clinical diagnosis is relatively high (93%), its
specificity may be considerably lower, e.g. reported as
only 55% in a multi-center clinical-autopsy study
[37]. The clinical characterization of AD is predictive
of the AD neuropathology in 80–90% of cases when
performed in expert centers, however, very early
diagnosis of AD as well as the correct differential
diagnosis of unusual presentations of patients with
dementia remains difficult on pure clinical grounds.
With the introduction of potentially successful treat-
ment strategies against dementia (reviewed in [25]),
the need for an early and differential diagnosis of
dementia becomes even more urgent, and the aim of
this review is to summarize the current state of the art
in the field of neurochemical routine analysis of
dementing conditions, followed by the discussion on
challenging research perspectives.

Neurochemical dementia diagnostics: assays
in the CSF

Almost 10 years ago, requirements were proposed for
a test to become an acceptable diagnostic parameter
in AD [51], and a common consensus is that sensi-
tivity and specificity of such a test should not be lower
than approximately 85%, and 75–85%, respectively
[51].

Since two groups of molecules, namely amyloid b
peptides, and Tau proteins along with hyperphos-
phorylated forms of the latter, are directly involved in
two major pathologic processes of AD: accumulation
of plaques, and deposition of neurofibrillary tangles,
respectively, it is not surprising that these two groups
of biomarkers play the most important diagnostic role
in AD and other dementias (Fig. 1). Moreover, there
are accumulating evidences that the two metabolic
pathways may interact with each other [40] with WntE
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pathway linking both amyloid plaques biogenesis and
neurofibrillary changes [12].

j Amyloid b peptides as biomarkers of AD

Amyloid b peptides result from enzymatic processing
of Amyloid Precursor Protein (APP) [23] by a-, b-,
and c-secretases releasing several forms of amyloid
b-peptides (Ab), including Ab1-37/38/39/40/42 (‘Ab
quintet’). Interestingly, the discovery of amyloid b
peptides ending at different C-termini leads to a
conclusion that different c-secretase activities may
exist [9, 24], however, as an alternative explanation a
different mechanism is postulated of the dependency
of the cleavage site from the length of the intra-
membrane APP domain [36].

Several studies, including these from our groups
(for review see [35, 42]), reported decreased CSF
concentration of amyloid b peptides ending at the
C-terminus of 42 (Ab42) in AD patients, whereas the
total level of Ab peptides remains unchanged. Mech-
anisms leading to decreased concentrations of Ab42
in CSF of patients with AD are not clarified so far.
Accumulation of the peptide in the plaques is sug-
gested by some investigators, however, this hypothe-
sis cannot explain the results of a selective decrease of
the concentration of this Ab peptide species in the
CSF of the subgroup of patients with Creutzfeldt-
Jakob disease (CJD) who did not develop any amyloid
plaques at all [43, 57]. Similarly, decreased levels of
CSF Ab42 were recorded in bacterial meningitis [49],
and subacute sclerosing panencephalitis [20]. Sensi-
tivity and specificity of Ab1-42 alone to distinguish
AD from elderly controls were 78% and 81%,
respectively, in the study of Hulstaert et al. [20], and
Galasko et al. reported similar figures of 78 and 83%
for sensitivity and specificity, respectively [13]. Blen-
now et al. analyzed data from eight studies with a total
number of n = 562 AD patients and n = 273 controls,
and reported mean sensitivity and specificity of 85
and 84%, respectively [7]. Moreover, in our recently

published study we have found that, in addition to Ab
peptides, also soluble forms of their precursor,
namely CSF sAPPa and sAPPb, may be candidate
biomarkers of AD [32].

Amyloid b peptides seem also to be attractive
candidates for differential diagnosis among demen-
tias. Recently, we investigated the Ab peptides pattern
in the CSF of patients with AD, DLB, and PDD, and we
observed that the ratio of the differentially altered
Ab1-42 to the Ab1-37 levels subsequently discrimi-
nated all diagnostic groups from each other at a highly
significant level, except DLB from PDD [3]. Similarly, a
significant decrease was observed of CSF Ab1-37, Ab1-
38, and Ab1-42 in patients with frontotemporal lobe
degeneration, and decreased CSF concentration of
Ab1-37 and Ab1-38 might represent an interesting
differential biomarker candidate for this disease [4, 5].

j Tau and phospho-Tau proteins

While increase in the total tau CSF concentration is
considered to reflect unspecific disruption of nerve
cells, abnormal hyperphosphorylation of tau is a
hallmark of AD [22], and hyperphosphorylated mol-
ecules of tau form neurofibrillary tangles [15]. Tau can
be phosphorylated at seventy-nine putative positions,
serine and threonine being predominant. In studies
available so far, mean sensitivity and specificity of tau
phosphorylated at different positions varied in the
ranges of 44–94%, and 80–100%, respectively [7].

We found significantly increased CSF concentra-
tions of pTau181 in the group of AD patients with
clinical diagnosis supported neurochemically by de-
creased Ab42 in CSF [29]. This form seems to be
particularly interesting since pTau181 remains un-
changed while total tau is increased after acute stroke
[19, 41]. Similarly, Vanmechelen et al. [54] reported
significantly increased levels of CSF pTau181 in AD
compared to all other groups studied except for cor-
ticobasal degeneration, and Parnetti et al. confirmed
that pTau181 was a useful biomarker to distinguish
AD from DLB [46]. Tau phosphorylated at threonine
231 (pTau231) seems to help in the differentiation of
AD from relevant diseases, i.e. frontotemporal
dementia, vascular dementia, and DLB (reviewed in
[7]). A follow up study revealed increased CSF con-
centration of pTau231 at the onset of the disease
followed by decreasing concentrations of pTau231 but
not total tau in a group of untreated AD patients,
which in turn may suggest a possible role of this form
in tracking a natural course of the disease [16].

When the three different phospho-tau proteins
(pTau199, pTau181, and pTau231) were compared
regarding their ability to distinguish patients with
different forms of dementia as well as non-demented
controls, it turned out that overall performance of
pTau181 and pTau231 was equal, with somehow
worse performance of pTau199 [17].

Tau/pTau

Aβ Peptides

Fig. 1 Accumulation of plaques and deposition of neurofibrillary tangles in
post mortem brain of Alzheimer’s disease patient. The two most important CSF
biomarkers: amyloid b peptides and Tau/pTau proteins are directly involved in
these two pathologic events
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j Combination of CSF biomarkers

Since amyloid b peptides and Tau/pTau proteins
represent two pathologic processes in AD, with still
unclear cross-talk between each other, one might
expect that their simultaneous analysis synergistically
complements each other in terms of diagnostic
accuracy.

In an international multicenter project, combined
analysis of Ab1-42 and tau protein showed 85%
diagnostic sensitivity and 58% specificity to distin-
guish AD from non-Alzheimer types of dementia [20].
In this study, the mean sensitivity and specificity
levels of the individual markers were significantly
improved from 74–79 to 86% if both markers were
considered simultaneously. In our study [31], we have
found slightly better discrimination of patients with
AD, non-Alzheimer’s dementia and controls when
Ab42 was combined with Ab40 (i.e. a concentration
quotient of Ab42/Ab40). This discrimination was
further slightly improved by a simultaneous evalua-
tion of CSF total Tau concentration, and combination
of all these three parameters resulted in a correct
separation of 94% of subjects in our study.

Although there have been several reports showing
that the total concentration of Ab peptides in human
CSF is not altered in pathological conditions [21, 31,
56], the issue of how the total CSF Ab load influences
the reliability of the neurochemical dementia diag-
nosis has not been tested so far. We addressed this
question by measuring corresponding Ab biomarkers,
and relating them to the concentration of Abx-40, i.e.
the most abundant peptide in human CSF, closely
correlating and thus reflecting the total load of CSF
Ab peptides [55], and we found that Ab ratio corre-
lates better with ‘independent’ AD biomarkers: Tau
and pTau181 than ‘raw’ Ab42 concentration in pa-
tients with high- and low- Ab load.

Andreasen et al. reported a sensitivity of 94% in
the group of 105 probable AD, and 88% in the group
of 58 possible AD when analysis of CSF total Tau was
accompanied by Ab1-42 [2]. Specificity in this study
was high to differentiate AD from psychiatric disor-
ders and non-demented subjects (100 and 89%,
respectively), however, low concentrations of Ab1-42
found in several cases of DLB resulted in lower
specificity to discriminate this disease. The lowest
specificity (48%) was found to discriminate AD from
vascular dementia, probably because these patients
had concomitant pathological features of AD.

In a recently published report, Engelborghs et al.
[11] tested the diagnostic performance of the CSF
biomarkers: Ab1-42, total tau, and pTau181 on the
ground of autopsy-controlled cases, and concluded
that dementia could be discriminated from controls
with a sensitivity of 86% and a specificity of 89%. Tau
and Ab1-42 optimally discriminated AD from other
dementias and controls (with sensitivity of 90% and
specificity of 89%). AD was optimally discriminated

from non-AD using pTau181 and Ab1-42 (sensitivity
of 80% and specificity of 93%). This leads to the
conclusion that the value of biomarkers in differential
dementia diagnosis can be shown, using pathological
findings as a reference, whereby the newly developed
models achieve sensitivity, specificity, and diagnostic
accuracy levels consistently exceeding 80%.

One of the most demanding aspects of the neuro-
chemical analysis of dementia disorders is to find
biomarkers capable of predicting the development of
AD in patients with mild cognitive impairment. Such
a predictive (preclinical) diagnosis is hoped to open
the way to preventive therapeutic interventions. In a
study addressing a combination of the three CSF
biomarkers Tau, pTau181 and Ab42, incipient AD
could be detected among patients fulfilling the criteria
for MCI with a sensitivity of 68% (95% CI 45–86%)
and a specificity of 97% (95% CI 83–100%), therefore
suggesting effective discrimination between sub-
groups of patients with MCI who would eventually
develop AD from those who will not proceed to AD in
order to offer early treatment for the subjects at risk
[59]. Recently, these observations were confirmed
with much bigger disease groups and longer obser-
vation period [18]. In our recently published study,
based on multiplexing technology, the cut off levels of
Ab1-42 and pTau181 derived from the differential
analysis of early dementia patients allowed correct
definition of a subgroup of MCI subjects character-
ized by an increased risk to develop AD from a sub-
group of MCI subjects without such a risk [33].

It is unclear whether the concentrations of the CSF
biomarkers reflect the degree of dementia. Although
correlation of the CSF biomarkers with the stage of the
disease, at least as measured with MMSE, was found
neither by us [29, 31], nor by other investigators [39],
there are data in the literature suggesting that such a
correlation may exists, at least in some subgroups of
AD patients [48]. In this respect, interesting infor-
mation comes from the observation that the highest
concentrations of Tau in the CSF are observed in
neurodegenerative processes with high dynamics, for
example CJD or acute stroke, which certainly high-
lights the correlation between the ratio of neuronal
death and the concentration of the biomarker [6].

As a matter of fact, a pattern of CSF biomarkers
with an extremely high concentration of total Tau
(higher than 1,200 pg/ml), normal or only slightly
increased pTau, and sometimes slightly decreased
Ab42 concentrations is quite characteristic for rapidly
progressing neurodegeneration, and in all such cases
CJD should be considered as a differential diagnostic
item [44, 57]. Additionally, CSF 14-3-3 proteins
should be measured by western-immunoblot when
the high-throughput quantitative ELISA or multiplex
assays do indicate possible CJD, since these proteins
are elevated in CJD [58].

Two important pre-analytical confounding factors
must be considered: (a) that these proteins/peptides
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have a tendency to stick to the walls of test tubes made
of glass and hard plastic, resulting in falsely low levels
[1, 27], and (b) that the concentration of Ab peptides
tend to have lower values following repeated freeze/
thaw cycles [53]. Therefore, it is important to collect
CSF into non-absorbing test tubes made of polypro-
pylene, and to analyze them without prior freezing or
froze them once [34]. Another important point is an
obvious lack of systematic inter-laboratory quality
control surveys: in a quality control pilot study recently
coordinated by our laboratory, we observed inter-lab-
oratory coefficients of variation of biomarkers in the
range of 20–30%, which clearly points at the necessity
of further optimization of measurements [28]. There-
fore, we regard it as mandatory that clinicians who have
ordered CSF-based neurochemical dementia diagnos-
tics (CSF-NDD) obtain the results not only in terms of
‘raw’ concentrations, but as an integrated report con-
taining interpretation of the results.

Neurochemical dementia diagnostics: assays
in blood

Lumbar puncture is a relatively safe and uncompli-
cated procedure, and only a small ratio of AD
patients complains about post-puncture complica-
tions [2, 8]. However, re-punctures and follow-up
measurements of CSF parameters are generally con-
sidered as inconvenient for patients, and thus there
is a need to search for alternative body fluids as a
possible source of relevant biomarkers. There are
several hypothesis-driven rationale to speculate that
blood, and blood-derived fluids (serum and plasma)
would fulfill criteria of such a source (reviewed in
[30]), and moreover, evidence exists that Ab peptides
may be released from other tissue in addition to the
brain [10, 26].

At least three large (hundreds to thousands of
subjects) prospective studies published in the last 2–
3 years addressed alterations of plasma Ab peptides
as potential biomarkers of AD. Van Oijen et al. [52]
showed in a large population-based prospective
study that high plasma concentrations of Ab1-40
were associated with an increased risk of dementia,
especially for people who have concomitant low
concentrations of Ab1-42. Individuals with high
concentrations of Ab1-40 combined with low con-
centrations of Ab1-42 had an over tenfold increased
risk of dementia compared with people with low
concentrations of both Ab1-40 and Ab1-42. Interest-
ingly, these findings were independent of the presence
of an APOE e4 allele. Similarly, Mayeux et al. [38]
reported higher baseline plasma Ab1-40 and Ab1-42
concentrations in individuals who developed AD than
in elderly people who did not over an observation
period of five years. Moreover, after adjusting for
Ab1-40 concentration, Ab1-42 concentrations re-
mained significantly different.

Graff-Radford et al. [14] measured plasma Ab40
and Ab42 concentrations at baseline in a elderly co-
hort of 563 volunteers followed up for 2–12 years. In
this cohort, 53 subjects developed MCI or AD, and the
subjects with plasma Ab42/Ab40 ratios in the lower
quartiles turned out to have significantly greater risk
of MCI or AD. Comparison of subjects with plasma
Ab42/Ab40 ratios in the lowest and the highest
quartile gave a relative risk of 3.1, and this observa-
tion suggests that the plasma Ab42/Ab40 ratio may be
a useful biomarker for identifying cognitively normal
elderly subjects at increased risk to develop cognitive
disturbances.

In a recently published, large, cross-sectional study,
Sun et al. [50] found a very interesting association
between decreased plasma Ab42 concentration and
depression, suggesting the presence of at least two
depression subtypes from the cognitive perspective: (a)
amyloid-associated depression, which is associated
with poor memory and other cognitive dysfunction,
and (b) non-amyloid depression, which is associated
with only visuospatial and executive dysfunction. Their
finding of decreased plasma Ab42 in patients with
depression and memory complaints but not in patients
with depression and without cognitive disturbances,
taken together with the fact that depression is quite
often a prodromal stage of dementia [45], might actu-
ally suggest that they found a group of patients with
depression as the first symptom of incipient dementia.

A different approach to AD diagnosis based on
biomarkers in blood was suggested by Ray and col-
leagues [47], who measured abundance of 120 sig-
naling proteins in samples from 259 subjects with
different stages of AD and in controls. Dividing the
samples into a training set and two test sets, they
defined 18 proteins that could classify unknown
samples from AD and controls with 95% of positive
and 83% of negative agreement. Moreover, they were
able to identify MCI subjects who progressed to
dementia within 2–6 years.

In summary, CSF-based neurochemical dementia
diagnostics can be regarded as a diagnostic tool
in everyday medical routine. Moreover, a rapidly
expanding research in this area will hopefully result in
defining and optimizing additional promising assays
in the near future. It seems that a lack of standardized,
commercially available and reliable assays to measure
AD biomarkers in blood is currently the main
limitation disabling the comparison of the results
obtained by different research groups.
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