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ABSTRACT

With the introduction of specific or unspecific biomarkers, the diagnosis of dementia disorders has changed from a purely
clinical to a biological construct. This review presents biomarkers for the most common neurodegenerative disorders. Specific
biomarkers for misfolded proteins have been developed for Alzheimer’s disease and dementia with Lewy bodies. Unspecific
biomarkers for neurodegeneration, synaptic dysfunction and neuroinflammation may also be helpful in diagnosing or staging
dementia disorders.

KEY POINTS

Specific biomarkers for neurodegenerative diseases can be measured in cerebrospinal fluid, plasma or by positron
emission tomography

New criteria and staging of Alzheimer’s disease and dementia with Lewy bodies comprise the use of biomarkers

Biomarkers of neurodegeneration aid in the diagnosis and staging of disease severity

Dementia is a syndrome characterised by cognitive dysfunction and impairment of activities of daily living. Age
is the most important risk factor, and with an ageing population, the prevalence of dementia is increasing. In
Denmark, approximately 96,000 people are living with dementia, a number that will increase to 134,000 by 2035
[1]. The incidence remains stable at around 8-9,000 new cases annually [2]. The most common causes of
dementia are Alzheimerʼs disease (AD) (55%), dementia due to cerebrovascular disease (25%), Lewy body
dementia (4%) and frontotemporal dementia (2%). Dementia disorders vary with respect to genetic risk factors,
symptoms, progression and medical treatment. Correct diagnosis enables the person with dementia and their
close relatives to cope with the disease while receiving tailored assistance from the community. Specific medical
treatment for some of these disorders stabilises the symptoms, and disease-modifying drugs for AD, which are
currently being marketed, will likely be available in Denmark in the future. Biomarkers for dementia disorders
allow for earlier and more accurate diagnoses. Even among clinical dementia specialists, the accuracy of a
clinical diagnosis is only around 70-80%, and the use of biomarkers increases this accuracy [3].

This review article presents well-established biomarkers with a primary focus on AD. Biomarkers for other
dementia disorders and the status of new blood-based biomarkers will be discussed briefly. To contextualise
biomarkers in diagnostics, it is essential to change the perception of dementia disorders. This paper
accomplishes this using AD as an example.
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The concept of Alzheimer’s disease

Neither the International Classification of Diseases, 11th version (ICD-11) criteria [4], nor the Diagnostic and

Statistical Manual of Mental Disorders, 5th version (DSM-5) criteria [5] specifically include biomarkers in the
diagnostic criteria for AD. These clinical criteria make sense when diagnosing the syndrome of dementia but not
when a specific brain disease must be diagnosed as the underlying cause of the dementia syndrome.
Consequently, during the past 15 years, the perception of AD has changed from a clinical entity towards a
biological definition. The most widely accepted model of the pathophysiological development of AD states that
the extracellular aggregation of the protein β-amyloid1-42 (Aβ42) into plaques triggers a series of downstream
events, including the aggregation of hyperphosphorylated Tau (P-tau) into intracellular tangles [6].
Hyperphosphorylation of Tau leads to microtubule instability and eventually promotes neurodegeneration,
which spreads from the temporal lobe through interconnected networks of neurons to other cortical areas
accompanied by neuroinflammation, oxidative stress and mitochondrial dysfunction [7]. Aβ42 is related to
synaptic activity. Moreover, in a healthy brain, free Aβ42 is cleared from the brain to the cerebrospinal fluid
(CSF) and blood, leading to high concentrations in these biofluids. In patients with AD, Aβ42 levels in the CSF
and blood are reduced because free Aβ42 is shunted into plaques (Figure 1). Aβ42 aggregation increases with age
and is found in 3% of cognitively normal persons aged 50- 59 years, increasing to more than 40% of cognitively
elderly people above 85 years [8]. The prevalence is roughly the same as the prevalence of dementia due to AD
15-20 years later, suggesting a decade-long preclinical stage. This observation is also supported by long-term
follow-up studies of at-risk subjects who are genetically susceptible to AD [9]. It also implies that many amyloid-
positive elderly subjects will never live to experience Alzheimer-related cognitive symptoms.
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Phosphorylation of Tau can occur at various sites of the protein. Some phosphorylations arise early in the
disease when the first amyloid plaques are formed but are not yet detectable by PET using amyloid radioligands
[10]. Increasing levels of P-tau217 and P-tau231 in the CSF and blood have thus been found to be good markers of
early amyloid aggregation (Figure 1). Subsequently, when P-tau aggregates into tangles, P-tau217 in the CSF and
blood predominantly reflects tangle formation. Tangles and subsequent neurodegeneration with loss of
neurotransmitters, synapses and neuronal networks correlate with clinical symptoms. Biomarkers for
neurodegeneration include structural magnetic resonance imaging (MRI), showing atrophy in vulnerable areas
such as the mesial temporal lobe and hippocampus [11].

Furthermore, PET, using 18F-fluoro-deoxy-glucose as a tracer for glucose metabolism, shows hypometabolism in
temporal and parietal cortical areas. Neurodegeneration may also be estimated in the CSF and blood by
increased levels of neurofilament light chain (NfL), representing axonal degeneration, and increased levels of
non-phosphorylated Tau, representing general neuronal degeneration. As mentioned, protein accumulation
does not occur in a vacuum, and glial fibrillary acidic protein (GFAP) expressed by astrocytes and soluble
triggering receptor expressed on myeloid Cells 2 (sTREM2) seem to be promising biomarkers of
neuroinflammation [12]. Markers of synaptic dysfunction include neurogranin, which binds to postsynaptic
membranes, and synaptic vesicle glycoprotein 2A (SV2A), which is found in all synapses [13] (Figure 1). Because
biomarkers of neurodegeneration, neuroinflammation and synaptic dysfunction are all unspecific, changes in
these markers may occur in many brain diseases. Conversely, non-specificity also implies that they can be
beneficial for detecting pathology in diseases without specific biomarkers.

Alzheimer’s disease as a biological diagnosis

In 2011, research clinical criteria for AD were updated to include biomarkers for Alzheimerʼs pathology in
patients with a clinical phenotype of AD [14]. According to this approach, biomarkers are applied when the
aetiology is uncertain. This is often the case in younger patients, patients with milder cognitive impairment and
patients with atypical phenotypes. In 2018, AD was defined by pathological events using the
Amyloid/Tau/Neurodegeneration (A/T/N) nomenclature according to the amyloid cascade model (Figure 2) [15].
The clinical phenotype and biomarkers still form part of the staging of disease severity. However, in the latest
proposed revision of these criteria, it was suggested that AD should be defined by biomarkers only, starting with
the first appearance of amyloid plaques in the brain [16]. This implies that a person with normal cognition who is
biomarker-positive for amyloid plaques has AD.
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Furthermore, biomarkers for aetiology (amyloid and P-tau in the CSF, amyloid-PET imaging, Figure 2) are now
distinguished from biomarkers for disease staging (mainly Tau-PET, but also new Tau biomarkers) [16].
Additionally, biomarkers for non-specific processes related to AD (neuroinflammation, neurodegeneration) and
co-pathology (vascular pathology, alpha-synuclein pathology) are now incorporated into the criteria to classify
the extent of pathological processes [16]. This shift from a clinical-biological definition to a purely biomarker-
driven definition is based on the wish to classify patients by their pathology rather than clinical syndrome. With
the advent of new drugs targeting specific Alzheimerʼs pathologies, this classification also becomes crucial when
selecting eligible patients. However, some criticism has been raised of this approach, mainly in relation to the
classification of cognitively healthy elderly people as having a disease that may not manifest through clinical
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symptoms in their lifetime. It is indisputable, however, that specific biomarkers are becoming increasingly
employed in diagnosing AD.

Specific biomarkers for Alzheimer’s disease

In CSF and blood, free Aβ42 is lower in patients with AD than in controls, whereas free P-tau is higher (Figure 1).
The ratios in the CSF of Aβ42/Aβ40 (another form of amyloid) and P-tau181/Aβ42 or Tau/Aβ42 have shown a
higher accuracy in diagnosing amyloid plaques (measured by PET) in the brain using the area under the curve
(AUC), increasing from 0.81-0.86 for individual biomarkers to 0.94 for ratios [17]. For differential diagnosis, AD
biomarkers in the CSF were able to separate AD from non-AD dementia disorders with a diagnostic accuracy of
80-90% [18,19]. Recently, a study found that plasma P-tau217 seems to predict both plaques and tangles-positivity
(measured by PET) with the same accuracy as Aβ42/Aβ40 and P-tau181/Aβ42 ratios in the CSF [20]. Most of these
results are obtained in research cohorts employing state-of-the-art analytic methods, and the accuracy of new
plasma assays needs to be confirmed in mixed memory clinic populations and ultimately validated in a general
practitioner setting. PET imaging is often used as the gold standard for plaque and tangle formation, and
amyloid-PET is often used when CSF marker results are ambiguous. Tau-PET is only starting to get implemented
and may be helpful for diagnosing other diseases with tau accumulation where patterns differ from those of AD
[21]. Both CSF and blood biomarkers are good predictors of progression in persons with mild cognitive
impairment of unknown aetiology. In such persons, a positive biomarker points to an early prodromal stage of
AD and a high likelihood of progressing to the dementia stage [22, 23]. However, in established AD dementia,
neither amyloid-PET, CSF, nor blood biomarkers are good disease severity markers, whereas Tau-PET more
accurately reflects increasing disease pathology [24].

Specific biomarkers for dementia with Lewy bodies

Until recently, specific biomarkers of neurodegenerative diseases within the Parkinsonʼs spectrum were limited
to PET imaging using tracers of dopaminergic deficits. Both Parkinsonʼs disease, dementia with Lewy bodies and
multiple system atrophy are characterised by the aggregation of misfolded α-synuclein in neurons or glial cells.
Seed amplification assays (SAA) can now demonstrate misfolded α-synuclein in CSF and skin with a high
accuracy [25]. This has encouraged a transition from a strictly clinical diagnostic method to a biological
understanding of “neuronal α-synucleinopathies” similar to what has been observed in AD [26].

Specific biomarkers for frontotemporal dementia

The two major types of protein aggregation in frontotemporal lobar degeneration (FTLD), which includes the
clinical phenotypes of frontotemporal dementia, are misfolded Tau and TAR DNA-binding protein of 43 kDa
(TDP-43) accumulation. It is challenging to predict the underlying pathology based on clinical phenotypes, and
although neuroimaging may increase the likelihood of an FTLD aetiology, topographical atrophy or
hypometabolism patterns cannot reliably distinguish between pathological subtypes. Furthermore, no specific
biomarkers in CSF or blood for Tau or TDP-43 aggregation in FTLD are in clinical use.

Unspecific biomarkers for neurodegeneration and neuroinflammation

The topographical abnormalities identified by MRI and fluorodeoxyglucose (FDG)-PET are instrumental in
diagnosing and staging the severity of various neurodegenerative diseases and may also aid in identifying
neurodegeneration or neuronal dysfunction in individuals with atypical, unclear or very mild symptoms [27].
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For diseases where specific biomarkers are not currently available, typical FDG-PET topographical patterns may
enhance the likelihood of a specific dementia disorder, as demonstrated in their utility in distinguishing between
AD and DLB [28]. Furthermore, in patients with mixed pathologies, FDG-PET may assist in differential diagnosis
[29].

Plasma NfL may be used as a screening tool in the diagnostic evaluation of patients with cognitive dysfunction,
because it enables the differentiation of neurodegenerative from non-neurodegenerative disorders with a
reasonable sensitivity and specificity of 80% [30]. Among dementia disorders, NfL levels are highest in FTLD;
however, the overlap of NfL levels across various clinical conditions may limit its utility as a routine diagnostic
marker [31]. NfL levels are also elevated in vascular dementia with axonal damage due to subcortical ischemic
lesions [32] or stroke [33] and in traumatic brain injury [34]. A combination of NfL and GFAP in plasma has
recently shown a reasonable ability to distinguish FTLD-Tau from FTLD-TDP43, with AUCs around 0.80 to 0.88
[35]. Even though GFAP is a non-specific marker of neuroinflammation, its elevation in AD is relatively large
compared to other non-AD dementia disorders [36], suggesting that neuroinflammation is a significant
contributor to the pathophysiology of AD. Interestingly, plasma levels of GFAP are more closely associated with
amyloid plaques in the brain than GFAP in the CSF [37], and plasma GFAP may be a promising marker for
monitoring neuroinflammation in AD. sTREM2 seems to reflect an early inflammatory response to amyloid
aggregation and may aid in understanding AD pathological propagation [38]. Synaptic biomarkers such as
neurogranin and SV2A are still in the early phase of validation but show some promise in tracking synaptic
dysfunction in several dementia disorders [39, 40].

Conclusion

Biomarkers of specific pathologies, namely markers of protein accumulation measured in biofluids or through
PET scanning, have been increasingly utilised in the diagnosis and prognostication of AD. The shift from a
clinical to a clinical-biological concept of AD impacts diagnostic accuracy and facilitates the identification of
patients eligible for disease-modifying treatments. New α-synuclein assays have paved the way for a similar shift
in the diagnostic framework for α-synucleinopathies, including Lewy body dementia and Parkinsonʼs disease.
While biomarkers for atrophy, hypometabolism, neuroinflammation and synaptic dysfunction are non-specific,
they serve as valuable tools for identifying concomitant pathology and diagnosing disorders for which no
specific biomarkers are presently available.
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