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1. Introduction

Before the biomarkers era, Alzheimer's disease (AD) was diagnosed
at dementia stage, based on clinical criteria. In the last decades, the
definition of AD has changed from a clinico-pathological entity to a
clinico-biological entity, since the underlying pathological processes
can be documented in vivo by biomarkers [1]. Cerebrospinal fluid (CSF)
represents a unique source of information about the molecular changes
occurring in the brain during the disease course. Accordingly, use of
CSF biomarkers provides the opportunity to diagnose AD with higher
degrees of sensitivity and specificity earlier in the disease continuum, as
compared with clinical diagnosis alone. Learning from the lesson of AD,
many misfolding and/or aggregating proteins involved in neurode-
generative diseases are under study as novel biomarker candidates,
both in dementia and movement disorders. This review provides a
contemporary clinical and laboratory framework for CSF biomarker
testing both in clinical and research settings. At first, we focus on use of
classical AD biomarkers as diagnostic and prognostic tools. Then, novel
biomarker candidates are discussed in order to enrich this scenario.

2. Diagnostic tools in degenerative dementias

Recommendations for the appropriate use of CSF biomarkers must
be made in the context of the many other diagnostic tools in use [2].
First, the patient's history obtained from an informant provides in-
formation on changes in memory, behavior and function over time.
Secondly, a neurological examination may reveal signs of other neu-
rodegenerative disorders. In clinical setting, routine blood tests are
typically recommended to rule out other causes of or contributors to
cognitive impairment (blood counts, blood chemistries, vitamin B12
and thyroid-stimulating hormone levels). Cerebrovascular disease and
brain atrophy can be detected using neuroimaging (computed tomo-
graphy scan or magnetic resonance imaging). Objective neuropsycho-
logical tests are useful in documenting presence, type and severity of
cognitive decline, but they are not themselves diagnostic. If, after
completion of all these evaluations, the etiology of cognitive impair-
ment has not been identified, certain advanced diagnostic procedures
can be helpful [2]. In this context, lumbar puncture for CSF biomarkers

testing is a reliable and cost-effective tool to obtain information about
the pathological processes underpinning the clinical presentation (Box
1 and Box 2). Amyloid PET may support the diagnosis of AD identifying
significant quantities of neuritic plaques in the brain [3]. If compared to
amyloid PET, CSF analysis has the advantage to incorporate both
amyloid and neurodegeneration parameters, and to require less com-
plex and costly instruments. On the other hand, amyloid PET is less
invasive and has higher reliability between Centers. Finally, in selected
cases fluorodeoxyglucose PET may be helpful in the differential diag-
nosis between neurodegenerative disorders. This comes particularly
significant in case of atypical presentations and in case of uncertain CSF
biomarkers results [4].

3. Cerebrospinal fluid biomarkers

3.1. Classical AD biomarkers

The hallmark histological signs of AD include extracellular accu-
mulation of amyloid plaques, intraneuronal neurofibrillary tangles
(NFTs) consisting of phosphorylated tau and brain atrophy due to
neuronal and synaptic/axonal degeneration [5]. The proximity of CSF
to central nervous system makes this biofluid the ideal source for di-
agnostic markers of the ongoing pathology. Three core CSF biomarkers
for AD have been developed, each correlating to one of the key pa-
thological hallmark: low levels of CSF amyloid β 1–42 (Aβ42), that
correlate with greater plaque load, high levels of phosphorylated tau (p-
tau), correlating with NFTs pathology, and high levels of total tau (t-
tau), that correlate with neuronal degeneration [6]. According to the
research framework of National Institute on Aging and Alzheimer's
Association (NIA-AA), AD is defined by its underlying pathologic pro-
cesses that can be documented in vivo by biomarkers. Biomarkers are
grouped into those of β amyloid deposition, pathologic tau, and neu-
rodegeneration [AT(N)] [1]. Since in AD patients amyloid deposition is
closely associated with NFTs pathology, the Authors agreed that the
term “Alzheimer's disease” should be applied if biomarker evidence of
both Aβ and pathologic tau is present (i.e. low Aβ42 and elevated p-tau),
regardless the positivity of t-tau. This definition is independent from
disease stage, covering the continuum from preclinical to dementia
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stages, and independent from clinical presentations, as CSF profiles of
typical and atypical AD are remarkably similar [1,7]. In clinical prac-
tice, the use of CSF AD biomarkers is of utmost importance i) to dif-
ferentiate between dementias and, in particular, to confirm/exclude AD
diagnosis; ii) to detect the presence of mixed pathologies.

3.1.1. Role of classical AD biomarkers in differential diagnosis
Classical AD biomarkers have been extensively evaluated in differ-

ential diagnosis between dementias. In 2015, a large cohort of 5676
patients with a clinical diagnosis of dementia was included in a study
aimed to evaluate the associations of CSF biomarkers with clinical di-
agnosis [8]. Patients included were diagnosed as early onset AD, late
onset AD, frontotemporal dementia (FTD), dementia with Lewy bodies
(DLB), Parkinson's disease dementia (PDD), vascular dementia, mixed
AD & vascular dementia, dementia not otherwise specified and other
dementias (i.e. corticobasal syndrome, alcohol-related dementias). For
all these patients, a complete set of measurements for CSF Aβ42, t-tau
and p-tau were available. Using cluster analysis, disregarding clinical
diagnosis, the optimal separation of this data set was into two clusters,
with the majority of patients with early onset AD (75%) and late onset
AD (73%) assigned to one cluster and the patients with vascular de-
mentia (91%), FTD (94%), PDD (94%) and DLB (87%) to the other
cluster. As expected, the lowest levels of Aβ42 and Aβ42/p-tau ratios and
the highest levels of t-tau and p-tau were found in AD. With respect to
non-AD dementias, FTD patients revealed the highest CSF levels of Aβ42
and the lowest levels of t-tau and p-tau. Therefore, subjects with FTD
had a CSF biomarker profile most distinct from AD [8]. These findings
have been confirmed by other studies. According to a recent systematic
review, the p-tau/Aβ42 ratio shows the best diagnostic performance in
the differential diagnosis between AD and FTD [9]. These results are in

concordance with the lack of cerebral β-amyloidosis and NFTs in FTD,
and confirm the usefulness of CSF biomarkers in differential diagnosis,
especially in case of atypical presentations (i.e. frontal variant AD vs.
behavioral variant FTD).

With respect to the Lewy Body disorders (LBDs), studies have shown
a biomarker evidence of concomitant AD pathology, especially in the
dementia phase. In the large cohort of Skillback and coll. (2015), DLB
showed a significant decrease of Aβ42 levels in 71% of cases, while for
PDD, 53% had pathological reduction of Aβ42. No significant differ-
ences in biomarker levels between DLB and PDD group were observed.
More recently, a multicenter cohort study investigated the prevalence
of AD CSF biomarkers across the spectrum of LBDs (375 DLB, 55 PDD
and 164 PD). A large proportions of DLB patients had abnormal values
of Aβ42 (49%), t-tau (28%), and p-tau (32%), while proportions were
far lower in PD (Aβ42: 12%; t-tau: 4%, p-tau: 7%). The prevalence of
abnormal AD biomarkers in PDD was in between (Aβ42: 42%; t-tau:
17%; p-tau: 6%). A CSF profile compatible with AD (abnormal Aβ42
combined with abnormal t-tau and/or p-tau) was observed in almost
25% of DLB patients, compared with only 9% of the PDD patients
(p < .05) and 3% of the PD patients (p < .001) [8].

Relevance of AD biomarkers in the differential diagnosis between
DLB and AD has been extensively reviewed elsewhere [10]. Tau species
(t-tau and p-tau) seem to be useful biomarkers for discriminating AD
from DLB, with higher levels in AD patients and lower – or even un-
changed - values in DLB. According to studies, sensitivity may vary
from 75 to 94% for p-tau and from 72 to 79% for t-tau. Specificity
ranges from 61 to 94% for p-tau and from 64 to 76% for t-tau [10]. As
already reported, pathologic levels of Aβ42 are frequently observed in
DLB patients. Comparing AD and DLB, some studies found more re-
duced Aβ42 levels in DLB [11,12], while others in AD [13]. Finally,

Box 1
Lumbar puncture

Lumbar puncture (LP) represents a basic diagnostic procedure for neurological diseases [53]. It consists of the insertion of a spinal needle
between L3-L4 or L4-L5 spaces; the needle should reach the CSF, passing through various anatomical layers (skin, subcutaneous tissue,
sopraspinous, spinous and flavum ligaments, epidural space and dura). Negative predictive factor for an unsuccessful procedure is high body
mass index. Back pain and headache (post lumbar puncture headache and aspecific headache) are the most frequent complications [54]. Use of
atraumatic needle is recommended, in the measure that it reduces incidence of post LP headache and back pain [55]. Contraindicating factors
have to be excluded before the procedure, like cerebral masses causing brain shift, stenosis or spinal compressions above the site of puncture,
local infections, spinal or cranial developmental abnormalities, uncorrected bleeding diathesis. Use of anticoagulant therapy represents an
absolute contraindication and requires discontinuation before the procedure, while no major issues regarding antiplatelet therapy have to be
raised [55]. Preanalytical and analytical aspects of CSF biomarker testing are of utmost importance both in clinical and research context4.
Recommendations include the use of polypropylene tubes to collect CSF (since Aβ peptides particularly bind to glass or polystyrene), and that
laboratories should be compliant to standard operating procedures, in order to reduce variability among Centers. There is no evidence that
fasting condition or time of CSF collection can alter CSF AD biomarker profile [56].

Box 2
Key CSF biomarkers in clinical and research setting

• Aβ42: has the highest propensity for aggregation and appears to be the predominant species into plaques, reflecting brain amyloid de-
position. Low Aβ42 levels have been found in the CSF of AD patients allowing discrimination from healthy subjects [1].

• Aβ42/Aβ40 ratio: “normalizes” the CSF Aβ42 levels according to the total amyloid load in the brain, expressed by Aβ40 levels (the most
abundant amyloid peptide in CSF). Aβ42/Aβ40 ratio increases the level of precision in detecting AD during both pre-dementia and dementia
stages [57].

• T-tau: a surrogate marker of neurodegeneration elevated in AD and other neurodegenerative diseases, although not in all tauopathies. Tau
may not be a simple damage biomarker, but is secreted from cells under physiological conditions, a process which is regulated by neuronal
activity [1].

• P-tau: p-tau reflects phosphorylation state of tau and correlates with intraneuronal neurofibrillary tangles; high levels of p-tau are more
specific for AD than t-tau [1].

• Neurofilament Light: is a marker of large fiber myelinated axonal degeneration; it is elevated in neurodegeneration independently of amyloid
deposition and has been shown to be a diagnostic and prognostic marker in a large number of different neurodegenerative conditions [28].

• α-synuclein: a presynaptic molecule that plays a role in modulating vescicular synaptic release and in regulation of synaptic plasticity. CSF
total α-synuclein levels seem to be decreased in synucleinopathies compared to other neurodegenerative disorders and to healthy subjects.
More recently, specific α-synuclein species such as oligomeric and phosphorylated forms have been considered as potential biomarkers, as
oligomerization precedes aggregation into mature fibrils and phosphorylated form of α-syn is highly represented in Lewy bodies
[40,41,58].
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some studies indicated not statistically significant differences in DLB
patients compared to AD [14,15]. In differential diagnosis between AD
and DLB, Aβ42 has good specificity (94%) but low sensitivity (48%)
[13]. The discriminative power of Aβ42 could be improved using the
Aβ42/Aβ40 ratio, even if only a few studies have investigated this issue
[16]. Finally, it should be underlined that in DLB patients, Aβ42 levels
seem to be poorly impacted at prodromal stage, with a later decrease of
Aβ42 in the dementia phase [17]. These findings could be explained by
the fact that amyloid deposits appear later in DLB, after aggregation of
α-synuclein (α-syn). In the context of early diagnosis, positivity of CSF
Aβ42 in mild cognitive impairment (MCI) patients may support the di-
agnosis of prodromal AD, ruling out the diagnosis of DLB.

Some neurodegenerative disorders show rapid evolution of cogni-
tive decline, usually with coexistence of motor signs and other focal
symptoms. In these cases, Creutzfeldt-Jakob disease (CJD) diagnosis
needs to be excluded. Classical AD biomarkers can be useful in clinical
practice to distinguish atypical clinical AD presentations from CJD. The
levels of t-tau and the t-tau/p-tau ratio in atypical AD seem to be sig-
nificantly higher than in typical AD but significantly lower than in CJD.
Levels of p-tau are significantly higher in atypical AD than in patients
with typical AD and in patients with CJD. Lower values of Aβ42 and
Aβ42/p-tau in atypical AD than in typical AD and CJD have been de-
scribed [18]. Regarding t-tau and p-tau levels, similar results were
previously reported elsewhere [19].

Overall, all these studies demonstrate the feasibility of applying CSF
biomarker studies to very large populations, and support the utility of
CSF biomarkers in distinguish between dementias in routine clinical
settings.

3.1.2. Role of classical AD biomarkers in prognosis
Classical AD biomarkers have been investigated as prognostic fac-

tors in LBDs. Reduced CSF Aβ42 has been demonstrated as an in-
dependent predictor of long-term cognitive decline in patients with PD
[20,21]. Similarly, reduced levels of CSF Aβ42 resulted associated with
more rapid cognitive decline in DLB patients [22]. Interestingly, in the
Parkinson's Progression Markers Initiative cohort of newly diagnosed
PD, reduced levels of Aβ42 were associated with higher risk of early
onset psychosis. No associations with total tau, p-tau or α-syn were
reported [23]. With respect to motor progression, low baseline CSF
Aβ42, and to a lesser extend Aβ40, seem to predict progression of dopa-
resistant gait impairments in PD [24]. CSF p-tau has been found to
correlate with worsening of motor symptoms as measured by means of
Unified Parkinson's Disease Rating Scale, Part III (UPDRS-III) score
[25,26]. Similarly, longitudinal changes in CSF t-tau positively corre-
lated with total UPDRS and UPDRS-III scores increase over time [27].
These observations are consistent with previous findings showing that
AD pathology may contribute to cognitive impairment and motor pro-
gression in LBDs. Recognition of the presence of a CSF AD biomarker
profile may advance patient management and individualization of
treatment strategies. In addition, disease-modifying treatment strate-
gies targeting amyloid and tau aggregates, which are currently under
development for AD, may have clinical value in LBDs as well.

3.2. Neurofilaments

Neurofilaments (Nfs) are exclusively expressed in neurons and re-
present candidate biomarkers of neuroaxonal injury. Indeed, they reach
abnormal levels as a result of extent axonal damage in neurodegen-
erative, inflammatory, vascular and traumatic diseases both in the CSF
and in blood [28]. Nfs are classified as intermediate filaments according
to their diameter (~10 nm). They are hetero-polymers composed of NfL
(human neurofilaments light chain, 68 kDa), NfM (human neurofila-
ments medium chain, 160 kDa), NfH (human neurofilaments heavy
chain, 260 kDa) and alpha-internexin and peripherin subunits [29]. The
precise functions of Nfs remain unknown, but they are thought to have
a direct role in radial growth and stability of axons, which is critical for

effective nerve conduction, organelle distribution along axons and sy-
naptic plasticity [28]. In the last few years, a significant improvement
in the analytical sensitivity of the assays suitable for measuring Nfs
levels in CSF and blood has been reached [28]. This allowed evaluation
of the diagnostic and prognostic role of Nfs in many neurological dis-
orders, such as amyotrophic lateral sclerosis, multiple sclerosis and
neuromyelitic optic spectrum disorders, stroke, traumatic spinal cord
and brain injury, dementias and movement disorders, epilepsy, hypoxic
brain injury, encephalitis, intracranial pressure, peripheral neuro-
pathies including Guillain-Barrè syndrome and also psychiatric dis-
orders [28].

With respect to neurodegenerative dementias, CSF levels of NfL
resulted increased during the MCI and dementia stages of AD, even if
the diagnostic specificity of NfL was lower than that of the hallmark AD
biomarkers [30,31]. In a study led by Skillbac and colleagues, CSF NfL
levels were analyzed in 3356 individuals with dementia. Both t-tau and
p-tau had positive correlations with NfL, whereas Aβ42 had an inverse
correlation. Subjects with a positive AD biomarker profile often showed
high NfL levels, suggesting an association between AD and subcortical
axonal degeneration [32].

In 2018, an Italian group tested NfL alone and in combination with
classical AD biomarkers in atypical/rapidly progressive neurodegen-
erative dementias. CSF NfL, t-tau, p-tau, and Aβ42 were analyzed in 323
subjects with a neuropathological or clinical diagnosis of prion disease,
AD, DLB, or fronto-temporal lobar degeneration (FTLD). In each patient
group CSF NfL showed higher levels than in control subjects, reaching
the highest values in those with CJD. High NfL levels were detected in
most atypical CJD cases. Similarly, rapidly progressive/atypical cases
showed higher NfL levels than typical patients in FTLD, but not in AD or
DLB [33].

Recently, Meeter and colleagues examined the clinical value of NfL
and the p-tau/t-tau ratio across the entire FTD spectrum (behavioral
variant of FTD, FTD with motor neuron disease, semantic, non-fluent
and logopenic variant of primary progressive aphasia, corticobasal
syndrome and progressive supranuclear palsy) compared to cognitively
healthy controls. NfL levels resulted higher in all diagnoses (except
logopenic variant) than in controls and highest in FTD with motor
neuron disease. Conversely, p-tau/t-tau was lower in all clinical groups
(except logopenic variant) and lowest in FTD with motor neuron dis-
ease. Both high NfL and low p-tau/t-tau were associated with poor
survival and can be considered promising prognostic biomarkers [34].

In the context of movement disorders, CSF NfL concentrations seem
to be significantly increased in multiple system atrophy (MSA) and
progressive supranuclear palsy (PSP) with respect to PD, helping to
separate PD from atypical parkinsonian syndromes [35,36]. These re-
sults have been more recently confirmed by a meta-analysis [37]. Si-
milarly, high CSF NfL levels have been described also in corticobasal
degeneration (CBD) [38]. Finally, a prognostic role of NfL has been
described in PSP, being CSF NfL able to predict disease progression
[39].

3.3. Alpha synuclein species

The discovery of α-syn as a major component of Lewy bodies (LBs)
and the detection of α-syn in CSF have encouraged research into α-syn
as a potential biomarker for LBDs, in particular for PD and DLB. The
discriminating value of CSF total α-syn (t-α-syn) has been addressed in
multiple studies. More recently, specific α-syn species, such as oligo-
meric α-syn (o-α-syn) and phosphorylated α-syn at residue Ser129 (p-α-
syn), have been considered as potential diagnostic biomarkers. Indeed,
the oligomerization of α-syn precedes its aggregation into mature
amyloid fibrils in LBs, and studies provide evidences that soluble oli-
gomers of α-syn are neurotoxic in vitro and in vivo [40]. Since ap-
proximately 90% of accumulated α-syn in LBs consists of p-α-syn, it has
been considered an interesting biomarker candidate of synucleino-
pathies [41].
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3.3.1. Role of α-synuclein species in diagnosis
According to several studies [42–44] and recent meta-analysis [45],

CSF t-α-syn resulted significantly lower in PD patients compared to
healthy controls and other neurological disorders. Furthermore, most of
studies have shown that the total levels of α-syn in the CSF are sig-
nificantly decreased in patients with PD compared with AD patients
[42,44] and that t-α-syn is able to distinguish PDD from AD patients
[44,46], reaching an AUC of 0.80 [46]. Interestingly, increased levels of
CSF total but not oligomeric or phosphorylated forms of α-syn in pa-
tients diagnosed with AD have been reported, with respect to neuro-
logical controls [47].

CSF o-α-syn has been consistently found to be higher in PD patients
compared to other neurological disorders [21,48] and healthy controls
[43]. In the comparison between PDD and AD, CSF levels of o-α-syn
resulted significantly higher in patients with PDD (p < .01), and also
the o-α-syn/t-α-syn ratio was elevated in PDD patients compared with
AD patients [46].

Only a few studies have focused on CSF p-α-syn as a diagnostic
marker, finding increased levels in PD compared to controls and to PSP
[45]. Similar to o-α-syn, its diagnostic accuracy increases when con-
sidered together with other α-syn species and neurodegenerative bio-
markers (o-α-syn/t-α-syn ratio together with p-α-syn and p-tau) [43].

CSF α-syn species levels in DLB resulted very similar to the pattern
observed in PD and PDD. Indeed, t-α-syn was found to be reduced in
DLB with respect to controls and AD [42,44]. Regarding o-α-syn, its
levels resulted higher in DLB compared with controls [42] and in-
creased levels of o-α-syn and elevated o-α-syn/t-α-syn ratio have been
described in DLB patients compared with AD [42,46]. In differential
diagnosis, the most promising results have been observed combining α-
syn species with classical AD biomarkers, with the combination of tau
and o-α-syn reaching an AUC of 0.83 in the differentiation of DLB from
AD. These results are particularly remarkable due to the significant
overlap of symptoms between AD and DLB [42].

3.3.2. Role of α-synuclein species in prognosis
Regarding the possible use of α-syn species as prognostic markers,

different studies gave contrasting results. One study showed a positive
association between t-α-syn and Hohen&Yahr (H&Y) stage, UPDRS-III
and prolonged Timed Up and Go test over 2 years [25], suggesting that
increased α-syn might be a marker of more intense synaptic degen-
eration in PD. Similar results have been found with CSF o-α-syn/t-α-syn
ratio, in particular in the postural-instability and gait-difficulty domi-
nant PD [49]. However, according to other studies, no significant as-
sociation between baseline CSF t-α-syn and subsequent motor pro-
gression in PD was found [26,50].

Differently from CSF Aβ42, biomarkers of synucleinopathy have
shown conflicting results as predictor of cognitive impairment in LBDs.
Both high CSF t-α-syn [25] and low CSF t-α-syn [51] has been identi-
fied as predictors of cognitive decline in PD, while in other reports no
prognostic effect of CSF t-α-syn and o-α-syn has been found [21,26,50].

In conclusion, further studies on CSF α-syn species are required to
confirm their potential diagnostic and prognostic value in neurode-
generative disorders.

4. Conclusions

In clinical routine, recommendations for the use of CSF biomarkers
must be made in the context of confirmation or exclusion of AD diag-
nosis. Despite many limitations of currently available medical inter-
ventions for AD, an early and accurate diagnosis forms the basis of
excellent medical care. CSF confirmation of AD may ensure clinical care
early in the disease process, adjustments for daily life activities (work
responsibilities, driving and financial planning), and opportunities to
participate in clinical trials.

In 2017 the Alzheimer's Association convened a multidisciplinary
workgroup to develop appropriate use criteria to guide the optimal use
of CSF testing for AD pathology detection [2]. The document focuses on
CSF Aβ42 (sometimes normalized to the related peptide Aβ40), t-tau and
p-tau. The clinical indications include: i) patients with subjective cog-
nitive decline (SCD - cognitively unimpaired based on objective testing)
who are considered to be at increased risk for AD (SCD plus – see
Table 1); ii) MCI that is persistent, progressing and unexplained; iii)
patients with symptoms that suggest atypical AD or mixed pathology
(possible AD); iv) MCI or dementia with an onset at an early age
(< 65 years); v) some cases meeting core clinical criteria for probable
AD with typical age of onset (i.e. uncertain clinical judgment, major life
decisions based on diagnosis); vi) patients whose dominant symptom is
a change in behavior and where AD diagnosis is being considered. In all
these conditions, CSF biomarker testing should be conducted by de-
mentia experts. This would ensure that patient and family are correctly
informed about the benefits and risks of testing, and that the procedure
is performed with reliable assays following established guidelines [2].
Classical AD biomarkers (Aβ42, t-tau and p-tau) are particularly useful
in the differential diagnosis between AD and FTD and between atypical
AD and CJD. Furthermore, Aβ42 revealed a significant role as predictor
of cognitive impairment both in PD and DLB, encouraging its use in
clinical practice. NfL, reflecting neuroaxonal damage, represent a pro-
mising diagnostic and prognostic biomarker for FTD and other neuro-
degenerative diseases. Regarding CSF α-syn species, lower levels of t-α-
syn and higher concentration of oligomeric and phosphorylated-α-syn
have been observed in PD and DLB with respect to controls. At present,
neither NfL nor α-syn species could be considered specific biomarkers
for neurological diseases, and their use in clinical routine is not feasible.
Methodological factors, patient selection, variation in storage and
processing steps, and blood contamination should be taken into account
to improve reliability of findings. Finally, combination of several bio-
markers could enrich our diagnostic and prognostic tools in neurode-
generative disorders.
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