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A B ST R ACT

Recent technological advances have improved the sensitivity and specificity of blood-based biomarkers for Alzheimer’s disease and related
dementias. Accurate quantification of amyloid-ß peptide, phosphorylated tau (pTau) isoforms, as well as markers of neurodegeneration
(neurofilament light chain [Nf L]) and neuro-immune activation (glial fibrillary acidic protein [GFAP] and chitinase-3-like protein 1 [YKL-40])
in blood has allowed researchers to characterize neurobiological processes at scale in a cost-effective and minimally invasive manner. Although
currently used primarily for research purposes, these blood-based biomarkers have the potential to be highly impactful in the clinical setting
– aiding in diagnosis, predicting disease risk, and monitoring disease progression. Whereas plasma Nf L has shown promise as a non-specific
marker of neuronal injury, plasma pTau181, pTau217, pTau231, and GFAP have demonstrated desirable levels of sensitivity and specificity
for identification of individuals with Alzheimer’s disease pathology and Alzheimer’s dementia. In this forward looking review, we (i) provide
an overview of the most commonly used blood-based biomarkers for Alzheimer’s disease and related dementias, (ii) discuss how comorbid
medical conditions, demographic, and genetic factors can inform the interpretation of these biomarkers, (iii) describe ongoing efforts to move
blood-based biomarkers into the clinic, and (iv) highlight the central role that clinical neuropsychologists may play in contextualizing and
communicating blood-based biomarker results for patients.

Keywords: Biomarkers; blood-based biomarkers; dementia; Alzheimer’s disease; prediction

INTRODUCTION
The improved accuracy, reliability, and scalability of molec-
ular measurements brought about by recent technological
advances has moved blood-based biomarkers to the forefront
of Alzheimer’s disease (AD) and dementia research. Core
neurobiological processes that underly AD dementia, including
amyloid-ß (Aβ) plaque formation, tau hyperphosphorylation
and the spreading of tau neurofibrillary tangles (NFTs), are
traditionally measured using positron emission tomography
(PET) scans or cerebral spinal fluid (CSF) by way of lumbar
puncture. Until recently, the discriminatory power of amyloid-ß
and phosphorylated tau (pTau) abundance in blood was limited
due to low measurement sensitivity. However, advancements
in techniques, such as single molecular array (Simoa) and mass
spectrometry, have allowed for ultra-sensitive quantification of
multiple variations of the amyloid- ß peptide, including Aß42 and
Aß40, and multiple pTau isoforms, including tau phosphorylated
at threonine-181 (pTau181), threonine-217 (pTau217), and
threonine-231 (pTau231). In parallel, non-specific measures
of neurodegeneration, neuronal injury, and neuro-immune
function (initially identified in CSF), have been developed and
validated for use in blood. Blood-based biomarkers are less
invasive compared to traditional CSF and PET measures of
amyloid-ß and tau, as they do not require a lumbar puncture

or the injection of a radiotracer, making them more feasible
for certain patient populations and resource-limited clinical
settings.

While there is ongoing debate about whether AD should be
defined purely based on biology (amyloid-ß and phosphory-
lated tau) (Høilund-Carlsen et al., 2023; Jack et al., 2018), the
consensus remains that the application of blood-based biomark-
ers for the in vivo characterization of disease-specific pathology
should be used in combination with a clinical exam and cognitive
(neuropsychological) and functional measurements to provide
a comprehensive picture of a patient’s current neurocognitive
status. Doing so will allow providers to characterize and track
the extent of current neurodegenerative disease. Because the
performance of, and hence interest in, blood-based biomark-
ers for AD and related dementias (ADRD) has seemingly risen
exponentially within the past several years, we anticipate that
these measures will soon be as ubiquitous in clinical practice as
they are currently in research. Neuropsychologists are uniquely
positioned to make use of available blood-based biomarkers to
enhance diagnostic and prognostic accuracy, and to help guide
clinical decision making.

A biomarker can be defined as a measured characteristic that
acts as an indicator of a normal biological process, a pathogenic
process, or a response to an exposure or therapeutic intervention
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(FDA, 2016). Given the forecasted clinical utility of blood-based
biomarkers for the identification, management, and treatment of
age-related neurologic disease, it is essential that neuropsycholo-
gists who work with older adults understand how blood-based
biomarkers can be integrated to enhance differential diagno-
sis and personalize treatment planning, recommendations, and
patient feedback. We anticipate that blood-based biomarkers will
be employed clinically for one of five uses. First, blood-based
biomarkers will be used to assist with etiological diagnosis, i.e.,
to confirm or rule out the presence of a specific disease or dis-
ease subtype. Second, blood-based biomarkers will be applied
to quantify a patient’s potential for developing a specific dis-
ease or medical condition over a given time. Third, blood-based
biomarkers will be used for prognostication, enabling estima-
tion of the likelihood of disease progression, recurrence, or the
emergence of a specific symptom or clinical event. Fourth, blood-
based biomarkers will be employed longitudinally to continu-
ously assess the status and evolution of a specific disease process.
Lastly, blood-based biomarkers will likely be used to predict
person-specific treatment responsiveness and to monitor target
engagement after specific interventions have been initiated.

In the sections below, we will provide an overview of
commonly used blood-based biomarkers in the setting of ADRD,
review how comorbid medical conditions, demographic and
genetic factors can inform the interpretation of these biomarkers,
describe ongoing efforts to move blood-based biomarkers
into the clinic, and highlight the central role that clinical
neuropsychologists will likely play in contextualizing blood-
based biomarker results for patients.

BLOOD-BASED BIOMARKERS FOR
ALZHEIMER’S DISEASE AND RELATED

DEMENTIAS
In recent years, blood-based biomarkers for ADRD have been
extensively explored as potential alternatives to traditional, more
invasive and expensive options. Biomarkers of AD pathology
include two measures of brain amyloid burden: the 42 amino
acid Aβ peptide (Aβ42), and a shorter 40 amino acid Aβ pep-
tide (Aβ40). The other class of blood-based biomarkers used
to quantify AD pathology include measures of pTau, including
pTau181, pTau217, and pTau231. Blood-based biomarkers of
biological processes not specific to any one disease include neu-
rofilament light chain (Nf L), a non-specific marker of neuronal
injury that has been applied broadly in the research setting, glial
fibrillary acidic protein (GFAP), a marker of astrocyte injury or
reactive astrogliosis, and purported measures of neuroinflamma-
tion, such as chitinase-3-like protein 1 (YKL40) and triggering
receptor expressed on myeloid cells 2 (sTREM2).

Plasma amyloid-β (Aβ)
Aβ is a product of the amyloid precursor protein (APP) that is
cleaved to produce peptides of varying lengths, typically 37-43
amino acids. Aβ40 is the most abundant isoform and is expressed
by healthy neurons outside the context of AD. Longer isoforms
of Aβ , namely Aβ42, are expressed at higher levels within the
context of AD and are more prone to self-aggregate. Aβ42 is

found at high levels in brain Aβ plaques and thus it is consid-
ered a marker of brain amyloidosis (Gu & Guo, 2013). Aβ40
abundance is typically unchanged in AD, whereas Aβ42 abun-
dance decreases in the CSF and plasma of persons with AD due
to increased sequestration of brain Aβ42 by the formation of
amyloid plaques, impaired CNS Aβ42 clearance, and increased
Aβ42 oligomerization and aggregation into less detectable forms
(Hansson, 2021). Because individual levels of Aβ production
can vary considerably, Aβ40 is often used as a normalization
factor for Aβ42 to account for person specific Aβ production
(i.e., the Aβ42 to Aβ40 ratio), improving predictive accuracy for
cortical Aβ-positivity (Hansson, Lehmann, Otto, Zetterberg, &
Lewczuk, 2019; Janelidze et al., 2021).

Plasma Aβ42/40 has been shown to predict abnormal CSF
Aβ42/40 with a level of accuracy that ranges from below
acceptable (AUC=0.64) to excellent (AUC=0.87), depending
largely on the diagnostic makeup of the sample and the assay
used. Generally speaking, mass spectrometry-based approaches
for measurement of plasma Aβ42/40/ have demonstrated
superior estimates of CSF and PET amyloid-β compared to
immunoassays (Janelidze et al., 2021; Wojdała et al., 2023).
While plasma Aβ42/40 demonstrates good to excellent predic-
tion of brain Aβ-positive status, as measured by PET imaging
(e.g., AUC’s ranging from 0.72 to 0.88) (Bilgel et al., 2023;
Schindler et al., 2019), other studies have found that plasma
Aβ42/40 only modestly correlates with CSF Aβ42/40 (e.g.,
Spearman’s ρ=0.32-0.42) (Wojdała et al., 2023). It is now
well established that CSF and PET measures of Aβ become
abnormal approximately two decades before symptom onset
in the context of AD. Two studies that compared the temporal
dynamics of plasma Aβ42/40 to CSF and PET measures found
that plasma Aβ42/40 begins to show significant changes at the
same point in the disease course (compared to CSF) or earlier
(with respect to PET), suggesting that plasma Aβ42/40 may be
useful as an early AD biomarker (Bilgel et al., 2023; Palmqvist
et al., 2019). Compared to CSF measures of Aβ , plasma Aβ

measurements tend to have a more limited dynamic range, and
show comparatively more overlap across Aβ-positive and Aβ-
negative individuals (Guo et al., 2023).

Plasma phosphorylated tau (pTau)
Plasma measures of multiple pTau isoforms are now available for
research use. These measures, which are believed to capture the
abundance of the soluble tau protein phosphorylated at specific
amino acids (e.g., threonine-181, threonine-217, and threonine-
231), have proven to be strong predictors of cortical amyloid.
Although plasma pTau has shown only modest correlations with
PET-defined measures of tau NFTs (Coomans et al., 2023),
plasma abundance of the pTau181, pTau217, and pTau231 pro-
teins have been associated with autopsy-confirmed AD (Brick-
man et al., 2021; Smirnov et al., 2022), and plasma pTau181
shows comparable performance with tau PET for identification
of individuals with elevated CSF Aβ (AUC=0.83 for plasma,
AUC=0.87 for entorhinal tau PET) (Coomans et al., 2023).
Plasma pTau’s modest correlation with tau PET, its ability to
discriminate between Aβ-positive and Aβ-negative individuals
with greater predictive accuracy than plasma measures of Aβ42,
Aβ40, and Aβ42/40 (Smirnov et al., 2022), and the significant
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increase in plasma pTau181, pTau217, and pTau231 shortly after
an individual becomes amyloid-PET-positive (approximately 15-
20 years before symptom onset) (Barthélemy et al., 2020) sug-
gests that at least a subset of pTau isoforms may serve as indi-
cators of cerebral amyloidosis, even more so than as indicators
of PET-defined tau NFT deposition. A direct comparison of tau
isoforms found that plasma pTau217 outperforms pTau181 and
pTau231, and performs similar to CSF pTau217 for prediction of
amyloid-PET-positivity and tau-PET-positivity (AUCs>0.90)
(Palmqvist et al., 2020; Therriault et al., 2023). Measures of
pTau181, pTau217, and pTau231 do not tend to show eleva-
tions (compared to that of healthy older adults) in non-AD neu-
rodegenerative disorders or in amyloid-negative individuals with
mild cognitive impairment, indicative of the specificity of these
blood-based biomarkers for AD (Ashton et al., 2021; Thijssen,
La Joie, et al., 2021a).

Plasma neurofilament light chain (Nf L)
In contrast to Aβ and pTau, which more specifically reflect
AD neuropathologic changes, Nf L is a non-specific marker of
neuronal injury. Nf L is a large caliber fiber axon protein that
is released from neurons with the degeneration of myelinated
axons (Gafson et al., 2020). Elevations in Nf L can occur
in a wide range of neurologic conditions in which neuronal
damage occurs, including multiple sclerosis, traumatic brain
injury, HIV-associated dementia, and nearly all of the most
common neurodegenerative disorders (Sjögren et al., 2000).
The greatest elevations in CSF Nf L are observed in acute or
rapidly progressing neurologic disorders, such as amyotrophic
lateral sclerosis and Creutzfeldt-Jakob disease (Gaetani et al.,
2019). Recently developed measures of plasma Nf L show a
moderate correlation with CSF Nf L levels (Spearman’s ρ=0.59)
(Mattsson et al., 2017). Both CSF and plasma Nf L are elevated in
the context of MCI and AD, compared to neurologically healthy
controls, but significant elevations in Nf L appear to occur in later
stages of AD pathogenesis, typically within 10 years of dementia
onset (de Wolf et al., 2020; Mattsson et al., 2017). As a non-
specific marker of neurodegeneration, plasma Nf L can be used
for monitoring disease stage, disease progression, and treatment
response. However, this marker is less informative with respect
to differential diagnosis.

Plasma markers of neuro-immune function
Neuroinflammation, and more specifically the microglia- and
astrocyte-mediated immune response to neuropathology, has
been identified as a central feature of multiple neurodegenerative
diseases, including AD, vascular dementia, Parkinson’s disease,
and amyotrophic lateral sclerosis (Kwon & Koh, 2020). While
initially only considered a response to pathology, consider-
able evidence places the microglia and astrocyte response to
neurodegenerative pathology as a mechanistic driver of the
disease process and a regulator of disease progression (Heneka
et al., 2015). Hence, there is increasing interest in the iden-
tification and validation of biomarkers of neuroinflammation
and other facets of neuro-immune activation. A challenge to
efforts directed at neuro-immune biomarker identification in

blood is that many of the candidate immune proteins are
also highly expressed by peripheral immune cells, particu-
larly in the context of inflammatory insults such as infection
(Walker et al., 2023).

Plasma GFAP, an intracellular astrocytic cytoskeletal protein
that reflects reactive astrogliosis or abnormal activation of
astrocytes, is currently seeing widespread use in ADRD research
(Chatterjee et al., 2021). Both CSF GFAP and plasma GFAP are
elevated in participants on the AD continuum. However, plasma
and CSF GFAP show low to moderate positive correlations
(Spearman’s ρ=0.37-0.62) (Benedet et al., 2021), and plasma
GFAP more accurately discriminates Aβ-positive from Aβ-
negative individuals (Pereira et al., 2021). Specifically, plasma
GFAP has been shown to discriminate between Aβ-positive
individuals with AD dementia from Aβ-negative cognitively
unimpaired individuals with excellent accuracy (AUC of 0.90)
(Chatterjee, Pedrini, et al., 2023a). Additionally, plasma GFAP
has been associated with postmortem brain Aβ abundance
(Cousins et al., 2023) and PET-defined measures of reactive
astrocytosis (Chatterjee, Doré, et al., 2023b). A second astro-
cytic biomarker, YKL-40, is involved in tissue remodeling and
is expressed during inflammatory responses. CSF YKL-40 is
considered a marker of neuroinflammation and has been found
to increase with Aβ plaque accumulation (Craig-Schapiro et al.,
2010) and differentiate AD from healthy controls (Wennström
et al., 2015). Plasma YKL40 shows low (r=0.24) to moderate
associations (ρ=0.40) with CSF YKL-40 and is not related
to cortical Aβ (Craig-Schapiro et al., 2010; Giannisis et al.,
2022). Plasma YKL-40 has been more strongly associated with
non-AD neurodegenerative diseases than with AD dementia
(Villar-Piqué et al., 2019).

Another increasingly popular marker of neuro-immune
function, the soluble form of the triggering receptor expressed on
myeloid cells 2 (sTREM2), is primarily expressed in microglia
and regulates the microglial clearance of brain Aβ , microglial
inflammatory signaling, and cell survival (Xue & Du, 2021).
Although CSF abundance of sTREM2 has been associated
with PET-defined microgliosis as well as clinical symptoms,
the potential role of plasma sTREM2 as a biomarker for
clinical use has yet to be established (Xue & Du, 2021). CSF
sTREM2 has been found to have a modest positive correlation
(r ∼ 0.20) with plasma sTREM2, and the magnitude of this
association appears to depend on the presence of CNS disease
and specific sTREM2 assay used (Bekris et al., 2018; Španić
Popovački et al., 2023). At least one study has found an inverse
correlation between CSF and plasma sTREM2 (Park et al.,
2021). While CSF sTREM2 has been found in one study to
be increased in individuals with MCI and AD, compared to
healthy controls, these group differences did not extend to
plasma sTREM2 (Bekris et al., 2018). Despite these findings,
others have found plasma sTREM2 to be positively associated
with white matter hyperintensity volume, PET-defined measures
of cortical tau pathology, and CSF measures of Nf L (Park
et al., 2021; Tsai et al., 2021). The poor and inconsistent
associations between CSF sTREM2 and blood-based measures
of the same protein suggest that blood sTREM2 measurements
may be a proxy for peripheral, rather than central, immune
activation.
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BLOOD-BASED BIOMARKERS, COGNITION,
AND DEMENTIA PREDICTION

Consistent with that of their CSF analogs, higher abundance of
pTau181, pTau217, pTau231, Nf L, and GFAP, and lower abun-
dance of Aβ42/40 in blood have been associated with subjective
and subtle cognitive decline (Baldacci et al., 2020; Bangen et al.,
2021; Cullen et al., 2021; Thomas et al., 2021), poorer cognitive
performance and greater rates of cognitive decline in some, but
not all, studies of cognitively normal and cognitively impaired
individuals (Frank et al., 2022; Hansson, 2021; Milà-Alomà et al.,
2022; Rajan et al., 2020). Supporting the idea that these blood-
based biomarkers may be used for disease monitoring, longitu-
dinal increases in pTau217 and Nf L have been linked to greater
rates of cognitive decline independent of baseline biomarker lev-
els (Mattsson-Carlgren et al., 2021; Mielke et al., 2019). While
plasma GFAP demonstrates a consistent association with cogni-
tion (Gonzales et al., 2022), plasma YKL-40 has shown mixed
results. Specifically, some studies have linked plasma YKL-40 to
poorer cognitive function (Pase et al., 2020), while others have
found that plasma YKL-40 does not predict cognition or cogni-
tive decline (Brosseron et al., 2023; Craig-Schapiro et al., 2010).
Unexpectedly, one study found that higher YKL-40 was associ-
ated with better memory performance (Vergallo et al., 2020).
Less is known about the association of blood sTREM2 abun-
dance with cognition, although this protein has been associated
with cognitive decline in tau-positive, but not tau-negative, indi-
viduals (Tsai et al., 2021).

As expected given their associations with cognition, blood-
based measures of AD pathology, neuronal injury, and neuro-
immune activation are predictive of future dementia onset
(Silva-Spínola et al., 2023; Simrén et al., 2021). While plasma
pTau181, Nf L, and GFAP can accurately predict dementia risk
and tend to increase in concentration with advancing disease
stage, the associations of plasma Aβ42/40 with clinically defined
outcomes have been less consistent (Janelidze et al., 2016;
Simrén et al., 2021; Wojdała et al., 2023). Plasma pTau181 and
GFAP have been found to discriminate persons with dementia
from cognitively unimpaired individuals with excellent accuracy
(AUCs=0.8-0.9), whereas plasma Aβ42/40 and Nf L have
tended, with some exceptions, to demonstrate lower predictive
accuracy in this context (AUC’s typically around 0.70) (Baiardi
et al., 2022; Benussi et al., 2022; Simrén et al., 2021).

In addition to classifying dementia risk, these blood-based
biomarkers have also demonstrated an ability to discriminate
between dementia etiologies. pTau181, pTau217, and pTau231
can differentiate AD dementia from non-AD dementia with
excellent to outstanding accuracy (AUCs=0.84-0.96) (Ashton
et al., 2021; Kivisäkk et al., 2023). Though not as accurately
as pTau, GFAP has been shown to differentiate AD dementia
from non-AD dementia. For example, Baiardi et al., (2022)
found plasma GFAP had an AUC=0.70 for discriminating
AD dementia from non-AD dementia. Although Aβ42/40
is considered a marker of AD-specific disease processes, at
least one study has found that Aβ42/40 poorly discriminates
AD from frontotemporal dementia, or dementia with Lewy
bodies (Thijssen et al., 2022). Predictive accuracy for plasma
Aβ42/40 has been found to vary largely based on assay and

assay characteristics (Thijssen, Verberk, et al., 2021b). Blood
markers of YKL-40 and sTREM2 have shown mixed results
for classification of clinical status, and YKL-40 has been found
to be nonspecific with respect to dementia etiologies (Španić
Popovački et al., 2023) (Ashton et al., 2019; Wilczyńska,
Maciejczyk, Zalewska, & Waszkiewicz, 2021).

Several blood-based biomarkers have also been shown to
predict future dementia risk and the likelihood of progression
from MCI to dementia within a specified follow-up period.
pTau181 and GFAP have shown excellent accuracy for dis-
criminating persons with MCI who progress to AD dementia
from persons with stable MCI (AUCs=.83) (Kivisäkk et al.,
2023). Plasma Nf L, by comparison, has shown comparatively
weaker predictive power in this context (AUC=0.73) (Kivisäkk
et al., 2023). These biomarkers can show even better predictive
accuracy for MCI progression when combined, compared to
their accuracy as individual predictors. For example, when GFAP
and pTau181 are combined, the ability to predict progression
from MCI to AD dementia improves to an AUC of 0.89
(Kivisäkk et al., 2023).

Although blood-based biomarkers have demonstrated clear
utility for discrimination of dementia etiology and prediction of
dementia risk, additional research is needed to establish clinically
and pathologically relevant biomarker cut-points that can be
used to group participants into risk bins for a particular neu-
rocognitive outcome. The studies that have reported optimal
cut-points for discriminating cortical amyloid-β positivity using
plasma Aβ42/40 have yielded varied results. For example, plasma
Aβ42/40 cut-points ranging from 0.076 to 0.1218 have been rec-
ommended (Feinkohl et al., 2020; Pais, Forlenza, & Diniz, 2023;
Schindler et al., 2019; West et al., 2021). Given the inter-study
variability in cut-points among blood-based biomarkers, use of
study specific cut-points is recommended in the research context
(Pais et al., 2023). Ultimately, however, the goal is to establish
cut-points that are reliable enough across samples to offer accu-
rate prediction in the clinical setting. The Alzheimer’s Associa-
tion guidelines for the use of blood-based AD biomarkers rec-
ommends that cut-points be established prior to the widespread
clinical use of blood-based ADRD biomarkers (Hansson et al.,
2022). One of many challenges with this approach is that person-
specific health, lifestyle, and environmental factors may influence
the optimal cut-point (Dark et al., 2023). As discussed in the
next sections, additional work is needed to begin to address this
important question.

THE EFFECT OF COMORBID MEDICAL
CONDITIONS

Several studies have demonstrated that comorbid medical
conditions can affect levels of ADRD biomarkers in blood. For
example, hyperlipidemia, hypertension, ischemic heart disease,
diabetes, and chronic kidney disease have been associated with
altered plasma abundance of Aβ40 and Aβ42 (Dark et al., 2023;
Janelidze et al., 2016; O’Bryant, Petersen, Hall, & Johnson,
2023). Diabetes and chronic kidney disease have also been
associated with higher plasma Nf L, whereas a higher body
mass index (BMI) has been linked to differences in pTau181,
pTau217, and Nf L levels (Brickman et al., 2021; Dark et al.,
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2023; Mielke et al., 2022; O’Bryant et al., 2023). However,
some of these associations are attenuated – or even eliminated
– after accounting for age and sex (Mielke et al., 2022). As a
physiological regulator of protein excretion, kidney function
(typically defined by estimated Glomerular Filtration Rate
[eGFR] and creatine levels) is known to influence a large
segment of the proteome (Tin et al., 2023). Accordingly, poorer
kidney function has been associated with higher plasma levels
of Nf L, pTau181, and pTau217 (Janelidze, Barthélemy, He,
Bateman, & Hansson, 2023; Lehmann et al., 2023; Zhang et al.,
2023). Moreover, kidney function has been shown to modify
pTau181’s ability to predict CSF Aβ-positivity; however, not
all studies show that diagnostic accuracy is affected (Lehmann
et al., 2023; Zhang et al., 2023). Further, kidney function does
not show a strong association with plasma Aβ42/40, nor does
it appear to affect the diagnostic accuracy or optimal cut point
for this biomarker (Zhang et al., 2023). Multiple conditions,
including chronic kidney disease, myocardial infarction, and
stroke, have been shown to modify the optimal cut points used
for pTau181 and pTau217 (Mielke et al., 2022). However, there is
some evidence that the use of a pTau to total tau ratio may reduce
the effect of comorbidities on pTau measurement (Janelidze
et al., 2023).

THE EFFECT OF GENOTYPE
In addition to health factors and comorbid medical condi-
tions, genotype appears to influence blood-based biomarker
abundance. While not always the case (Feinkohl et al., 2020),
lower Aβ42/40 (Schindler et al., 2019) and higher pTau181 and
pTau231 abundance have been found in cognitively unimpaired
and cognitively impaired individuals with at least one copy
of the APOEε4 allele (Brickman et al., 2022; Salami et al.,
2022; Snellman et al., 2023). Given that plasma Aβ42/40
and pTau are indicators of AD pathology, it follows that the
major AD risk variants that influence AD pathology also
influence AD biomarker level, even before individuals become
symptomatic. Conversely, biomarkers that are not specific to
AD pathology, including Nf L and GFAP, are less sensitive to
the possession of AD risk genes (Asken et al., 2020; Baldacci
et al., 2020; Malek-Ahmadi et al., 2023; Snellman et al., 2023).
Whether other ADRD risk variants influence abundance of these
biomarkers in blood remains unknown.

THE EFFECT OF RACE/ETHNIC FACTORS
AND SEX

The prevalence of AD and all-cause dementia differs by self-
reported race and ethnicity, with most studies finding that Black
and Hispanic individuals have elevated rates of dementia relative
to non-Hispanic Whites (Mehta & Yeo, 2017; Moon, Badana,
Hwang, Sears, & Haley, 2019). Despite these elevated prevalence
rates, Black, Hispanic, and other non-White adults have been
historically underrepresented in dementia research, including
the aforementioned biomarker studies, due to reliance on clinical
populations (e.g., memory center) rather than population based
recruitment, and the implementation of inclusion/exclusion
criteria that disproportionately selects non-White participants
out of the study (Gleason et al., 2019; Raman et al., 2021).

The global underrepresentation of the of non-White adults in
dementia research, particularly within more invasive studies
that require CSF collection and PET neuroimaging, can have
multiple negative consequences on biomarker development,
among which includes the limited generalizability of cut-points
or biomarker-based prediction scores (Barnes & Bennett, 2014;
Lim et al., 2023; Weiner et al., 2023).

Compared to White individuals with clinically defined
AD dementia, autopsy and PET neuroimaging studies have
demonstrated that non-White individuals with clinically defined
AD dementia are more likely to have mixed pathology and
are less likely to have brain amyloidosis (Barnes et al., 2015;
Dark & Walker, 2023; Wilkins et al., 2022). Based on these
findings, multiple studies have sought to determine whether
blood-based biomarker levels differ by race or ethnicity across
diagnostic strata. While several studies have found no significant
differences in plasma ADRD biomarker abundance as a function
of race (Brickman et al., 2021; Hall, Petersen, Johnson, &
O’Bryant, 2022; Ramanan et al., 2023; Windon et al., 2022),
others have found evidence for race differences (O’Bryant et al.,
2022; Schindler et al., 2022). For example, White participants
have been found to have lower Aβ42/40 compared to Black
participants and higher Nf L compared Mexican Americans
(O’Bryant et al., 2023; Schindler et al., 2022). Another study
found plasma abundance of Aβ40, Aβ42, Aβ42/40, and Nf L
to differ by race in a manner that was partially contingent
upon clinically-defined disease stage, with Black participants
showing lower plasma abundance of each biomarker compared
to Non-Hispanic Whites and Mexican Americans (Hall et al.,
2022). One study that found associations between plasma
biomarkers and clinical outcomes to be stronger for White,
compared to Black participants. They also found that the
results did not hold after participants with chronic kidney
disease were excluded, suggesting that race-based differences
in ADRD biomarkers may be explained by the differential
prevalence of comorbid disease across race groups (Ramanan
et al., 2023). Another study that found significant differences
in biomarker levels when analyses were stratified by self-
reported race saw these group differences abate when analyses
were stratified by genetic ancestry (Hajjar et al., 2022). These
results suggest that social constructs may drive race-related
differences in plasma biomarkers, rather than inherent biological
differences.

It remains unclear whether blood-based biomarker concen-
trations differ by sex. While some studies show no difference
in biomarker abundance between men and women (Baldacci
et al., 2020; Mattsson et al., 2017; Triant, Lee, Hadigan, &
Grinspoon, 2007), others suggest that men tend to have a more
pathogenic pattern characterized by lower levels of Aβ42/40
(Schindler et al., 2019; Snellman et al., 2023) and higher
levels of Nf L (Lin, Lee, Wang, & Fuh, 2018). However, this
pattern was reversed for blood GFAP, which tends to show
higher abundance among women (Benedet et al., 2021; Saloner
et al., 2023). There also exists evidence for sex differences
in the association of these biomarkers with neurocognitive
outcomes. For example, in women greater pTau abundance
is more strongly associated with elevated cortical amyloid-
β and tau, and greater medial temporal lobe atrophy and



318 • H.E. Dark et al. / Archives of Clinical Neuropsychology 39 (2024); 313–324

Figure 1. Blood-based biomarkers for Alzheimer’s disease and related dementias. Biomarkers for Alzheimer’s disease pathology,
neurodegeneration, and neuro-immune activation (red text) are illustrated in the context of neurons, glial cells, and Alzheimer’s disease
pathology (amyloid-β plaques and tau neurofibrillary tangles). Created with BioRender.com.

verbal memory decline compared to men (Saloner et al., 2023;
Tsiknia et al., 2022).

BLOOD-BASED BIOMARKER PLATFORMS
FOR CLINICAL USE

Clinical application of blood-based biomarkers remains actively
debated among leading researchers, with no clear consensus
among primary care providers, memory care specialists or
regulatory bodies. There are estimated to be a dozen or more
blood-based assays at various stages of development in the
private sector, although the exact number can be difficult
to assess because of intellectual property rights, delays in
dissemination of internal research findings, and so forth (for a
more complete list of biomarkers in development, see Hampel
et al., 2023). In the United States, the FDA has not approved
any blood-based assay for AD diagnosis, but approval is not
necessary for such tests to be marketed to the public, clinically
applied in conjunction with other diagnostic information, or
utilized in research settings (for a more complete overview of
biomarker types and regulatory approval steps, see Cummings
& Kinney, 2022). Several blood-based laboratory developed
tests (LDTs) for quantification of ADRD biomarkers have
received Breakthrough Device Designation from the FDA for
measurement. Breakthrough Device Designation is granted by
the FDA to measures that evaluate a serious condition with
the potential to offer substantial improvement over existing
diagnostics. Below, we describe the blood-based biomarkers that
are either currently available for clinical use or making their way
to the clinic (see also Table 1).

PrecivityAD
Advertised as a blood-based screening measure for brain
amyloid-β pathology, Precivity uses chronological age, Aβ42/40
and APOE proteotype to determine the likelihood of amyloid-
β positivity in individuals being assessed for AD. Leveraging
such measures to calculate an amyloid probability score (APS),
the Precivity test offers AUCs of 0.88-0.90 for predicting Aβ

PET status (+/-), with the Aβ42/40 measurement accounting
for the majority of variance (i.e., AUCs of 0.81-0.84) (Fogelman
et al., 2023; Hu et al., 2022). Results of PrecivityAD2 (which has
added pTau217 to the predictive model to improve accuracy)
have not been peer-reviewed, but a poster presentation from
2023 suggested it provides AUCs of 0.95-0.97 (unpublished).

LucentAD
LucentAD uses pTau181 to aid in the diagnostic evaluation of
AD. Although the assay’s results have not been peer-reviewed,
a poster presentation from 2022 suggested it shows an AUC of
0.90 for discriminating CSF-confirmed AD diagnoses (n=34)
from age- and sex-matched cognitively normal controls (n=36)
(Malyavantham et al., 2022).

Elecsys Amyloid Plasma Panel
This panel uses pTau181 and APOE proteotype to identify indi-
viduals who warrant further confirmatory AD testing with PET
or CSF; results examining its discriminative performance for Aβ

CSF status (+/-) showed an AUC of 0.85 (n=693) (Palmqvist
et al., 2023).
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AlzoSure Predict
AlzoSure Predict measures an AD-specific conformational vari-
ant of the p53 protein, resulting in a reportedly near-perfect
AUC of 0.99 for discriminating neuropsychologically-defined
AD from cognitively unimpaired individuals, as well as conver-
sion to AD at 36- and 72-month follow-up time points (n=482)
(Piccirella et al., 2022). AlzoSure Predict’s intended use is not yet
specified.

SOBA-AD
The SOBA-AD assay, which captures a unique oligomeric form
of Aβ42, has reported a near-perfect AUC of 0.99 for discriminat-
ing cognitively normal individuals from autopsy- and clinically-
diagnosed MCI and AD cases (n=379) (Shea et al., 2022). The
intended use for SOBA-AD is not yet reported.

AD-Detect
As the first direct to consumer product, AD-Detect uses Aβ42/40
to assess the risk of having AD pathology in adults with MCI or
dementia. Notably, the marketing campaign for AD-Detect sug-
gests it can also be applied among individuals who have a family
history of AD or who have been exposed to risk factors, such
as traumatic brain injury. Although the assay’s results have not
been peer-reviewed, a poster presentation from 2022 reported
an AUC of 0.86 for discriminating Aβ PET-positive individuals
from age- and sex-matched cognitively normal controls (n=209)
(Weber, Kim, Goldman, Racke, & Clarke, 2022). The direct-to-
consumer approach has been met with criticism (Rogers, 2023).

CONSIDERATIONS FOR
NEUROPSYCHOLOGY

Predictive and diagnostic biomarkers for ADRD will continue to
make their way into the clinical setting, likely with more fervor
than did CSF and PET measures. Reduced expense, desirable
levels of accuracy, and minimal invasiveness are characteristics
of the current wave of blood-based biomarkers that have made
them practical tools for clinicians and researchers. The potential
utility of plasma biomarkers in the setting of ADRD extends to
multiple roles, including patient screening, informing etiological
diagnoses, prediction or prognostication, and disease monitor-
ing. Like the results of neuroradiological studies and CSF marker
quantification, patient-specific blood-based biomarker informa-
tion will be made available to patients by referring providers
and via direct-to-consumer platforms. While we anticipate that
neuropsychologists, neurologists, and other providers will be
able to use the results of these blood-based biomarkers to inform
their clinical assessment and treatment planning/monitoring,
neuropsychologists will often be in the best position to inte-
grate the biomarker information with a complementary char-
acterization of cognitive and functional abilities in a manner
that will determine the syndromic diagnosis and provide further
support for an etiologic diagnosis and prognosis. Though the
expectation is that blood-based biomarkers will be interpreted
in the context of a full clinical workup, some patients will be left
with questions about how to interpret the quantitative readouts
and qualitative descriptions provided by blood-based biomarker



320 • H.E. Dark et al. / Archives of Clinical Neuropsychology 39 (2024); 313–324

platforms. These questions will inevitably make their way to neu-
ropsychologists who work with older adults. While we anticipate
that blood-based biomarkers will be valuable, particularly for
screening for clinical trials or for estimating the likelihood of
brain AD pathology in those with mild cognitive impairment or
dementia, without appropriate guidance and context these tests
have the potential to be misused and misinterpreted, particularly
in the direct-to-consumer setting.

One way to limit potential harm done by blood-based
biomarkers is to establish and adhere to a set of eligibility use cri-
teria. Guidelines for the use of blood-based AD biomarkers were
published in 2022 by the Alzheimer’s Association (Hansson
et al., 2022). These guidelines recommend that commercially
available blood-based measures of AD pathology not be used
for asymptomatic or cognitively normal individuals. Using these
tests as general population screening measures and as direct-to-
consumer tests has also been discouraged (Hansson et al., 2022).
Without the ability to take actionable steps toward treatment
or risk mitigation – at the time of this writing AD disease
modifying drugs are approved only for symptomatic AD patients
– and the elevated likelihood of false positives in the setting
of lower disease prevalence, the risk introduced by screening
cognitively normal individuals may outweigh the potential
benefit. Guidelines further encourage providers to consider
the ramifications of disclosing biomarker results to individuals
who are asymptomatic (Hansson et al., 2022). Separate studies
found that participants who learned that they were positive for
an AD biomarker (i.e., elevated amyloid-β or APOEε4-positive
status) did not show elevated anxiety, depression, or suicidality
compared to participants who learned that they were biomarker-
negative (Green et al., 2009; Grill et al., 2020). However, as
expected, participants told they had elevated amyloid-β levels
had greater concern about their risk for AD (Grill et al., 2020).

An anticipated consequence of the rollout of diagnostic blood-
based biomarkers is a sharp uptick in referrals from individu-
als with and without objective cognitive decrements who have
been identified by blood-based biomarkers as having Alzheimer’s
disease pathologic changes. Accordingly, clinical neuropsychol-
ogists should be prepared to both rule out cognitive impairment
when there is none, and – in the setting of meaningful cognitive
decrements – make use of available blood-based biomarker mea-
surements to inform differential diagnosis, improve prognostic
accuracy, and personalize treatment recommendations.

CONCLUSION
Clinical neuropsychologists working with older adult popula-
tions should be prepared to answer fundamental questions about
the potential value and utility of blood-based biomarkers. Clin-
ical neuropsychologists will also need to be equipped to help
patients and healthcare providers place biomarker findings in the
appropriate context, given cognitive and functional abilities, as
well as relevant psychosocial factors. As blood-based biomarkers
for ADRD become more common in the clinical setting, we
anticipate that neuropsychologists will be asked to play a central
role in educating patients about the meaning of biomarker find-
ings, and the limits and uncertainty surrounding these measures.

Ultimately, the goal should be to provide realistic expectations
and reduce unneeded patient and caregiver anxiety.
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