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Blood biomarkers have emerged as accessible, cost-effective, and highly promising tools for advancing the diagnostics
of Alzheimer’s disease. However, transitioning from cerebrospinal fluid biomarkers to blood biomarkers—eg, to
verify amyloid β pathology—requires careful consideration. This Series paper highlights the main challenges in the
implementation of blood biomarkers for Alzheimer’s disease in different possible contexts of use. Despite the
robustness of measuring blood biomarker concentrations, the widespread adoption of blood biomarkers requires
rigorous standardisation efforts to address inherent challenges in diverse contexts of use. The challenges include
understanding the effect of pre-analytical and analytical conditions, potential confounding factors, and comorbidities
that could influence outcomes of blood biomarkers and their use in diverse populations. Additionally, distinct sce-
narios present their own specific challenges. In memory clinics, the successful integration of blood biomarkers in
diagnostic tests will require well-established diagnostic accuracy and comprehensive assessments of the effect of blood
biomarkers on the diagnostic confidence and patient management of clinicians. In primary care settings, and even
more when implemented in population-based screening programmes for which no experience with any biomarkers for
Alzheimer’s disease currently exists, the implementation of blood biomarkers will be challenged by the need for education
of primary care clinical staff and clear guidelines. However, despite the challenges, blood biomarkers hold great promise
for substantially enhancing the diagnostic accuracy and effectively streamlining referral processes, leading to earlier
diagnosis and access to treatments. The ongoing efforts that are shaping the integration of blood biomarkers across diverse
clinical settings pave the way towards precision medicine in Alzheimer’s disease.
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Introduction
Over the past decade, the diagnostics of Alzheimer’s disease
havemoved towards a clinical–biological approach supported
by robust cerebrospinal fluid (CSF) and PET biomarkers that
provide in-vivo evidence for the main pathophysiological
hallmarks of the disease: amyloid plaques and neurofibrillary
tangles. Thesewidely accepted biomarkermodalities are now
integral to clinical practice and are readily available in most
specialised memory clinics. However, in many health-care
systems worldwide, Alzheimer’s disease is not often diag-
nosed at a specialised care level but rather at a primary care
level, without access to established and validated biomarker
modalities for Alzheimer’s disease.1

Technological advancements have allowed for successful
detection of the pathological hallmarks of Alzheimer’s dis-
ease through blood biomarkers in extensively characterised
research cohorts.2–10 Blood biomarkers are generally more
accessible, less invasive, and more scalable than CSF
biomarkers and are also more cost-effective than PET, thus
making blood biomarkers a promising option for simplify-
ing the diagnostic process for patients with cognitive
impairment.11 If blood biomarkers are implemented, then
the biomarkers could not only streamline diagnoses but also
reduce costs. Of note, integration of blood biomarkers into
primary care settings could facilitate early, reliable diagnosis
and swift referrals to specialists.12

The evolution in diagnostic techniques aligns with the
growing accessibility of disease-modifying treatments. Early
diagnosis has become paramount, underscored by the
www.thelancet.com/healthy-longevity Vol ▪ ▪ 2024
ongoing revision of the clinical criteria for Alzheimer’s
diseaseput forthby theAlzheimer’sAssociation,whichnow
acknowledge the potential of plasma biomarkers for
categorisation, disease diagnosis, and staging.13 The upda-
ted guidelines place great emphasis on blood biomarkers,
thereby highlighting their pivotal role in shaping the future
of the diagnosis and treatment of Alzheimer’s disease. This
Series paper overviews the main benefits and challenges in
the implementation of blood biomarkers for Alzheimer’s
disease in different possible contexts of use (figure 1).

Blood biomarkers for Alzheimer’s disease: types
and their targets
Blood biomarkers for Alzheimer’s disease can be cat-
egorised into various classes (table, figure 2). The first class
includes biomarkers associated with the presence of two
classic pathological hallmarks of Alzheimer’s disease:
amyloid β peptides (Aβ42-to-Aβ40 ratio [Aβ42/40]) and
phosphorylated tau (p-tau). Compared with the concen-
trations of blood amyloid β, the concentrations of p-tau in the
blood showa stronger correlationwith those in theCSF and a
larger fold change in individuals with Alzheimer’s disease
pathology, thereby enabling the prediction of PET-based or
CSF-based amyloid β biomarker positivity anddifferentiating
individuals with Alzheimer’s disease from those with other
neurodegenerative diseases.56 The second class of blood
biomarkers for Alzheimer’s disease is associated with neur-
onal loss, neurodegeneration, or synaptic degeneration. The
third class includes processes related to neuroinflammation
Neurological Institute,
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Key messages

• Blood biomarkers for Alzheimer’s disease have great potential for implementation in both clinical and trial settings due to their high
diagnostic performance, scalability, and cost-effectiveness, with plasma phosphorylated tau217 currently being themost established
and accessible Alzheimer’s disease biomarker.

• Implementing blood biomarkers in the diagnostics of Alzheimer’s disease requires the resolution of technical challenges such as pre-
analytical and analytical harmonisation and standardisation.

• Integration of blood biomarkers into various health-care settings requires interpreting results across analytical platforms and diverse,
real-life patient populations with varying levels of comorbidities and confounding factors.

• Overcoming challenges such as pre-analytical and analytical harmonisation and standardisation is crucial to enable the transformative
effect of blood biomarkers on enhancing and democratising the diagnosis and prognosis of Alzheimer’s disease.

• Policy makers and health-care systems need to use concrete guidelines for regulating informed and meaningful access to blood
biomarkers, particularly with the advent of novel treatment strategies.
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mediated by glial cells. Although all these blood biomarkers
hold great potential, the integration of the blood biomarkers
into clinical practice requires further advancements in terms
of quality, harmonisation, interpretation, and delineation of
the respective contexts of use.
Practical challenges in the implementation of
plasma biomarkers
Availability and accessibility of analytical techniques
The availability of multiple tests from different vendors
is the first step towards the democratisation of blood
biomarker analyses; this is because the availability of mul-
tiple tests is likely to lead to reduced costs. The currently
available methods include mass spectrometry approaches,
which outperform immune-based methods of measuring
plasma Aβ42/40 concentrations to detect brain amyloid β
pathology.14,57 Mass spectrometry is used in PrecivityAD
(C2N Diagnostics),58 a test that is approved by the US Food
and Drug Administration (FDA) for clinical use. However,
the global access to mass spectrometry-based assays is
low because the assays require specific expertise and
infrastructure, are time consuming, and yield lower
throughput compared with immunoassays. Different
immune-based methods—ie, electrochemiluminescence,
chemiluminescence, and single molecule array (Simoa)—
can be used to quantify different p-tau forms, glial fibrillary
acidic protein (GFAP), or neurofilament light chain (NfL) in
the plasma with high precision and robustness.7,18,22,59–61

Despite the intrinsic disadvantages of immune-based meth-
ods (eg, antibody reproducibility, batch-to-batchvariation, and
potential cross-reactivity), some of these methods are fully
automated and suitable for point-of-care testing and are
already being widely used for CSF analysis (eg, Elecsys and
Lumipulse). The availability of these methods in many rou-
tine diagnostic laboratories already will most likely facilitate
the swift implementation of the correspondingplasmaassays
in these laboratories. Other automated platforms (eg, Meso
Scale Discovery and Simoa) are widely available in many
research laboratories and are expected to expand the capacity
for measuring plasma biomarker concentrations to diagnose
Alzheimer’s disease once necessary regulatory approvals and
corresponding national or local accreditations are in place.
Whether such platforms are also incorporated in routine
diagnostic laboratories will most likely depend on hospital
regulations, strategies, and budgets, as well as the clearance
through regulatory approval of the different kits as in-vitro
diagnostic tests. Importantly, improvements in blood
collection methods such as dried blood spot could
further allow access to plasma biomarker measurements to
diagnose Alzheimer’s disease as the collection methods
would allow for the collection of samples in areas with
inadequate laboratory infrastructure.62,63 Technological and
pre-analytical advancements are thus making blood bio-
markers forAlzheimer’s diseasewidely available. An analysis
comparing the cost-effectiveness of blood biomarkers to
that of traditional diagnostic tests showed that blood bio-
markers could reduce costs by up to 40% depending on the
amyloid PET positivity.64,65 The use of blood biomarkers for
Alzheimer’s disease in combination with cognitive tests has
further been shown to considerably reduce the estimated
time required to complete a diagnostic test, as well as the
associated costs,66 thereby supporting the implementation of
these biomarkers in clinical settings.
Standardisation of results for blood biomarker
measurements
Standardisation of blood biomarker measurements across
care settings and within clinical trials is imperative for the
widespread adoption and implementation of blood bio-
markers. When reproducible and consistent results are
obtained across laboratories, platforms, and assay kit
batches, the confidence of the end users and regulatory
agencies in the use and interpretation of blood biomarkers
increases. The experience with the implementation of CSF
biomarkers indicates that high variability in the concen-
trations of measured biomarkers across and within labora-
tories severely delays clinical implementation,67,68 and
several pre-analytical and analytical challenges need to be
addressed to standardise blood biomarker measurements
worldwide. Based on learnings from the clinical adoption
and implementation of CSF biomarkers for Alzheimer’s
disease, standardisation efforts for blood biomarkers
for Alzheimer’s disease were initiated soon after the
successful development of the first highly sensitive
www.thelancet.com/healthy-longevity Vol ▪ ▪ 2024
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Context of use

Memory clinics

• Uncertain diagnostic performance in naturalistic, diverse memory clinic cohorts
• Need for clinical guidelines for the evidence-based integration into current
   diagnostic tests
• Surrogate markers for treatment response remain a subject of ongoing research
• Access to disease-modifying treatments will inform concrete implementation

• Inadequate experience among general practitioners in using and interpreting 
   biomarkers for Alzheimer’s disease
• Potential overdiagnosis of Alzheimer’s disease in older populations with high
   prevalence of comorbidities
• Clear guidelines are essential for testing and result interpretation in primary care

• Feasibility of population screening is dependent on the availability of valid
   management and treatment routines
•• Requires high levels of analytical robustness, harmonisation, and validated
   cutoffs
• Blood biomarker analysis results need concrete health-care consequences
• Costs will have to be low

Primary care

Population screening

• Streamlining the diagnostic
   process and access to treatments
   by identifying eligible patients
• Cost savings in clinical trial
   recruitment
• Potential treatment monitoring

• Substantial improvement of
   diagnostic accuracy
• Streamlining referrals
• Earlier diagnosis

• Scalability and cost-effectiveness
   make blood biomarkers ideal
   for screening purposes
• Earlier disease detection

Benefits Challenges

Figure 1: Potential benefits and challenges associated with the use of blood biomarkers for Alzheimer’s disease in different possible contexts of use

Series
blood tests for Alzheimer’s disease, guided by the Global
Biomarker Standardization Consortium of the Alzheimer’s
Association.
In the case of CSF biomarkers, a major source of vari-

ability was attributed to pre-analytical sample handling,
which was mitigated through the development of empirical
evidence-based standardised operating procedures (SOPs)
for sample handling.69 Likewise, the initial SOPs for plasma
sample handling were published70 to mitigate any effects of
plasma samplehandlingon the accuracyof bloodbiomarker
measurements. SOPs are continuously being reviewed and
updated by interpreting additional empirical data currently
being obtained—eg, by testing the effect of pre-analytical
sample handling on biomarkers other than those inves-
tigated in the first version of the SOP, the effect of pre-
analytical variables that have not yet been tested, such as
fasting versus non-fasting and exercise before blood with-
drawal on the concentrations of blood biomarkers for
Alzheimer’s disease,71,72 or the effect of sample thawing
before blood biomarker measurements.73

Analytical variability in CSF was also largely mitigated
through efforts to standardise batch-to-batch variation by
immunoassay manufacturers by using fully automated
platforms over manual, labour-intensive laboratory proce-
dures such as ELISA74 and the development of certified ref-
erence materials that can be used to calibrate commercial
assays for value alignment.75 Especially for amyloid β and
p-tau, several head-to-head assay and technology comparison
studies have already been performed or are ongoing to
identify the assays that are diagnostically the most sensitive
and analytically themost robust.14,18,22,76 Togetherwith aspects
such as wide-scale assay availability, cost-effectiveness of a
measurement with a particular platform, turnaround
times and logistics, and scalability, head-to-head assay
www.thelancet.com/healthy-longevity Vol ▪ ▪ 2024
comparisons will help to identify assays to be implemented
in daily routines. Efforts to establish certified reference
materials for blood biomarkers are in early stages but are
ongoing. The initial feasibility to develop reference material
for blood-basedNfL has already been shown.77 Until certified
referencematerials are available for all blood biomarkers for
Alzheimer’s disease, in-house normal reference ranges and
cutoff concentrations, as well as careful in-house quality
control of day-to-day and batch-to-batch variations, are
essential to ensure the diagnostic accuracy of assays.
Overall, standardisation challenges will vary greatly

dependingon thebloodbiomarker andanalytical approaches
used for its measurement. Compared with immunoassays,
mass spectroscopy-based detection methods provide a more
reliable quantification of low-abundance proteins in protein-
rich matrices such as the blood, as evidenced by the results
observed for plasma amyloid β.9,57 Differences in the speci-
ficity of antibodies used in immunoassays from different
vendors canalso affect analytical variability.Currently, robust
and reliable analysis of Aβ42/40 using immune-based
methods is the greatest challenge. Pre-analytical studies
show that the concentrations of Aβ42/40 decrease with
suboptimal sample handling.70,78,79 In addition, the fold
change difference in Aβ42/40 concentration between indi-
viduals with Alzheimer’s disease and those without is small,
highlighting the importance of accuracy in biomarker
measurement. Analysis of p-tau and NfL is substantially
more robust, with greater pre-analytical stability under
sample handling variations,70 especially for p-tau, which
shows greater fold change differences between healthy
individuals and individuals with disease.80

Finally, true standardisation will require the derival and
validation of cutoffs that are translatable between meth-
odological approaches for respective blood biomarkers.
3
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Biomarker Significance

Pathological hallmarks of
Alzheimer’s disease

Aβ42/40 Decrease in blood correlates with cerebral amyloid β pathology (PET or CSF), especially in the early stages of Alzheimer’s disease.14–17

Better differentiation of individuals with Alzheimer’s disease from those with other neurodegenerative diseases.
Low fold change between amyloid β-positive and amyloid β-negative individuals, based on measurements of PET or CSF amyloid β.

Phosphorylated tau
(p-tau)

Different isoforms (p-tau181, p-tau231, p-tau217, etc) show strong performance in detecting Alzheimer’s disease pathology.4,18–20

p-tau217: best-performing blood biomarker due to greatest dynamic range21 and sensitivity. Plasma p-tau217 performs equivalent to CSF
testing for identifying amyloid β-positivity.5,6,22–24

p-tau231: potential for early detection of Alzheimer’s disease pathology.25

p-tau205: potential for improved identification of advanced Alzheimer’s disease pathology,26 in correspondence with tau PET
accumulation.27,28

Differences in concentrations of p-tau biomarkers might be greater depending on different assays or analysis platforms, or both, than
differences between isoforms.18,22

Neuronal and synaptic
degeneration

Neurofilament light
chain

Cross-disease or disease-unspecific biomarker of neurodegeneration29 and increases in Alzheimer’s disease and other neurodegenerative
diseases.30,31

High baseline concentrations32 and longitudinal changes33 associated with higher risk of dementia.

Brain-derived total tau
protein

Has been proposed to assess Alzheimer’s disease-specific neurodegeneration.34

β-synuclein Pre-synaptic protein tracking synaptic degeneration. Elevated in Alzheimer’s disease and Down syndrome.35–38

Diagnostic and prognostic value in preclinical Alzheimer’s disease, shows an increase in concentration earlier than p-tau181.35

Correlates with cognitive measures and cerebral atrophy in Alzheimer’s disease.37,38

Neuroinflammation mediated
by glial cells

Glial fibrillary acidic
protein

Astrocytic marker strongly associated with early cerebral amyloidopathy,39,40 early stages of Alzheimer’s disease,7 and tau aggregation
mediated by amyloid β.41–44

Scarce evidence of direct association with astrogliosis.45

Elevated in traumatic brain injury,46 spinal cord injury,47 CNS inflammatory diseases (eg, multiple sclerosis, neuromyelitis optica spectrum
disorder),48,49 and several non-Alzheimer’s disease neurodegenerative diseases, including frontotemporal lobar degeneration spectrum,50–52

Parkinson’s disease,53 and amyotrophic lateral sclerosis.54

High accuracy for discriminating individuals with Alzheimer’s disease from the controls,7,41,55 but its low specificity restricts its use in
diagnosing the cause of cognitive impairment.

Other inflammation-
related molecules

CX3CL1, metalloproteinases, and TREM2 have been studied as biomarkers for Alzheimer’s disease.

Aβ42/40=Aβ42-to-Aβ40 ratio. CSF=cerebrospinal fluid. CX3CL1=C-X3-C motif chemokine ligand 1. p-tau=phosphorylated tau. TREM2=triggering receptor expressed on myeloid cells 2.

Table: Types of blood biomarkers for Alzheimer’s disease, their targets, and main characteristics
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Traditionally, CSF biomarker cutoffs have not been stand-
ardised, but rather laboratory-specific cutoffs have been
applied.

Research challenges in the implementation of
plasma biomarkers
Effects of confounding factors and comorbidities in real-
world populations
Most studies on blood biomarkers for Alzheimer’s disease
published to date have been conducted in select populations
with generally low rates ofmedical comorbidities.However,
of late, attention is being paid to howmedical comorbidities
can confound the results obtained for measuring blood
biomarkers for Alzheimer’s disease. In a community-based
study, the plasma concentrations of p-tau217 and p-tau181
were higher in individuals with chronic kidney disease
(CKD),myocardial infarction, stroke, andhypertension than
in individuals without these conditions, and plasma p-tau
concentrations were marginally lower in individuals with
elevated BMI (30–34 kg/m2) and a history of smoking than
in individuals without these factors.81

The association between CKD and plasma p-tau concen-
trations has received the most attention because the mag-
nitude of difference inplasmap-tau concentrations between
individuals with and without CKD was similar to that
between individuals with and without amyloid PET posi-
tivity.81 Of note, the study by Mielke and colleagues81
primarily included participants who were not cognitively
impaired, potentially leading to smaller differences in the
expected p-tau concentrations, as compared with what
would possibly have been observed in case of participants
with cognitive impairment. Additionally, the role of CKD as
a confounder in cognitively impaired individuals, in whom
any Alzheimer’s disease pathology is most likely more
advanced, remains uncertain.
In a community-based cohort of individuals aged between

70 years and 71 years, CKD was associated with higher
concentrations of plasma NfL despite having similar MRI
and CSF biomarkers.82 Of note, participants with dementia
had similar concentrations of plasma NfL as individuals
with CKD.82 Another study reported that serum creatinine
concentrations and BMI were associated with plasma NfL,
GFAP, and p-tau concentrations, with p-tau concentrations
being least affected, and medical comorbidities only had a
minor effect on the performance of clinical prediction
models that used plasma biomarkers.83

The use of ratios of plasma proteins has been suggested to
attenuate associations between CKD and plasma biomarker
concentrations, assuming that the proteins in the numerator
anddenominator are similarly affected. In fact, a recent study
usingmass spectrometry reported that when comparedwith
p-tau alone, the ratios of p-tau to non-phosphorylated tau
weremore reliable indicators of the pathology ofAlzheimer’s
diseaseatdifferent clinical stages,84 and this trend is observed
www.thelancet.com/healthy-longevity Vol ▪ ▪ 2024
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Neuroinflammation

Alzheimer’s 
disease-related
amyloid 
pathology

Alzheimer’s disease-related
tau pathology

Neuronal or synaptic
degeneration

BD-Tau

NfL

p-tau205

p-tau217

CX3CL1

TREM2
GFAP

p-tau181

p-tau231

A 42/40 MTBR-243

-synuclein

Figure 2: Currently researched classes of blood biomarkers for Alzheimer’s
disease
Aβ42/40=Aβ42-to-Aβ40 ratio. CX3CL1=C-X3-C motif chemokine ligand 1.
TREM2=triggering receptor expressed on myeloid cells 2. GFAP=glial fibrillary
acidic protein. Aβ=amyloid β. p-tau=phosphorylated tau. MTBR-
243=microtubule binding region of tau containing the residue 243.
NfL=neurofilament light chain. BD-Tau=brain-derived tau.
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for ratios of other proteins related to Alzheimer’s disease
such as Aβ42/40.83,85 Although more research in larger and
more demographically representative samples of individuals
with CKD is needed, plasma protein ratios seem to be
promising indices to attenuate the association of CKD with
blood biomarkers for Alzheimer’s disease.
Evidence also suggests alterations in blood biomarkers for

Alzheimer’s disease in individuals with hypoxic–ischaemic
injury after an out-of-hospital cardiac arrest.86 Furthermore,
after traumatic brain injury, the concentrations of blood
p-tau biomarkers increased,87 possiblymediated by changes
in the permeability of the blood–brain barrier. In contrast to
CKD, the alterations in blood biomarkers for Alzheimer’s
disease might not be problematic for the diagnosis of
Alzheimer’s disease because patients with acute hypoxic–
ischaemic injury or recent traumatic brain injury will not
be investigated for a screening or diagnostic biomarker for
Alzheimer’s disease.
Some blood biomarkers for Alzheimer’s disease are also

affected by treatments for medical conditions. For example,
the angiotensin receptor blocker and neprilysin inhibitor
sacubitril–valsartan, used for treating heart failure, increased
plasma Aβ42 concentrations and the Aβ42/40 ratio by
approximately 30%.88 Of note, sacubitril-valsartan did not
affect the plasma concentrations of p-tau181, p-tau217,
GFAP, or NfL.
Overall, although tremendous progress has beenmade in

research on blood biomarkers for Alzheimer’s disease,
prospective, longitudinal data from real-world studies that
are demographically representative of the populations at
risk for Alzheimer’s disease are scarce. The performance of
blood biomarkers in prospective cohorts with prespecified
cutoffs and analytical plans will be important to assess the
performance of a new test, including how plasma tests are
affected by comorbidities and other factors such as diet and
www.thelancet.com/healthy-longevity Vol ▪ ▪ 2024
lifestyle. Despite the limitations, medical comorbidities do
not correspond to large differences observed in the fold
change for somebloodbiomarkers, suchas that forp-tau217
(300–700%), between cognitively impaired individuals with
Alzheimer’s disease and cognitively unimpaired individuals
or individualswith other neurodegenerative diseases,which
partly mitigates concerns regarding the influence of
comorbidities on the interpretation of results of high-
performance plasma biomarkers. Furthermore, many
blood tests used in routine clinical practice are affected by
medical comorbidities; careful interpretation of results in
the context of these comorbidities has been possible in other
areas of medicine and should also be possible in the case of
blood biomarkers for Alzheimer’s disease.
In summary, strategies to reduce the influence of medical

comorbidities include the use of plasma biomarker ratios,
different thresholds for diagnosis in individuals with
relevant comorbid conditions, referral for PET or CSF
biomarker analyses when blood biomarkers are not expected
to provide meaningful information, or a combination of
these strategies.

Differences in the measurement of blood biomarkers
across diverse populations
In clinical practice, blood biomarker measurements are
often interpreted by comparing the findings with prede-
fined reference intervals or cutoffs. The unavailability of
reliable reference intervals for highly diverse populations
could lead to the misinterpretation of laboratory test
results and contribute to misdiagnosis and inappropriate
clinical intervention in a diverse real-world setting with
greater heterogeneity among individuals. In real-world
settings, demographic factors (eg, race or ethnicity, age,
sex), medical comorbidities, and social determinants of
health (eg, economic status, education, and quality of and
access to health care) are expected to have varying profiles
across different populations.
To this end, studies have examined the effect of race

or ethnicity in European,89,90 American,91–93 and Asian
cohorts;94–96 demographic factors;97–99 and comorbidities on
the measurement of blood biomarkers for Alzheimer’s dis-
ease and their diagnostic and prognostic performances.
Although some demographic and comorbidity factors
(as previously discussed) showed substantial associations
withbloodbiomarkers forAlzheimer’sdisease,whether their
potential confounding effects are clinically relevant needs to
be analysed.83 For instance, studies could consider whether
accounting or further adjusting for these factors, which are
influencing the results of the blood biomarkers, leads to a
substantial and major improvement in the performance of
blood biomarkers.83

Future studies can also assess whether specific cutoffs in
relation to demographic factors (eg, age-specific or sex-
specific cutoffs) will enhance the performance of blood
biomarkers.98 Another consideration is the differential
prevalence of demographic and comorbidity factors across
geographical regions,100–103 which would in turn influence
5
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whether the clinical performance and applicability of blood
biomarkers are adversely affected in specific populations.
Next, socioeconomic diversity (particularly economic
inequality) could have resulted in low active inclusion of
low-income and middle-income countries in previous
studies and potentially in future clinical validation studies
(due to poorly resourced health-care systems and inad-
equate financial affordability or access to advanced research
facilities in these countries).104 More studies need to exam-
ine the use of blood biomarkers in under-represented
countries, particularly given the differences in social and
health exposures (eg, education,medical comorbidities, and
genetic risk variants) between some low-income countries
and some high-income countries where association with
changes in biomarkers for Alzheimer’s disease have been
studied.104 Carefully designed studieswill beneeded to avoid
inaccurate conclusions derived from the complexities of
overlap in the effects of these factors.

Challenges in the implementation of plasma
biomarkers in the clinical context
Regulatory challenges for the implementation of blood
biomarkers
The Geneva roadmap depicts five phases to systematically
address the requirements for the implementation of novel
fluid biomarkers into clinical practice.80,105 Independent
groups examining well-defined cohorts in research settings
have reported the analytical and clinical validity for most key
plasma biomarkers for Alzheimer’s disease based on retro-
spective and longitudinal studies (ie, phases 1–3).106–110 Stud-
ies evaluating phases 4 and 5 are now being initiated—ie,
evaluationof theutility ofplasmabiomarkers froma technical
and clinical perspective in a real-world scenario.
From a technical point of view, in-vitro diagnostic assays

approvedby certifiedbodies are tobeused to support clinical
decision making; these assays undergo extensive analytical
and clinical validation to guarantee robust, reproducible,
and reliable results across different batches.2,111 Aβ42 and
Aβ40 assays from Sysmex Corporation have been granted
in-vitro diagnostic approval in Japan, and the FDA has
granted Breakthrough Device Designation to the Pre-
civityAD Test, the Elecsys Amyloid Plasma Panel, and the
Simoa p-Tau217 and p-Tau181 tests to facilitate the in-vitro
diagnostic process.2 Other assays are expected to follow a
similar path.
The development of reference materials will allow for

tracking assay performance across different laboratories
and assays. Of note, the Alzheimer’s Association has
compiled thefirst recommendations for the appropriate use
of blood biomarkers for Alzheimer’s disease in clinical
settings and trials, which also summarise the research
priorities to move the field forward.112 Ultimately, the suc-
cessful implementationofbloodbiomarkerswill require the
development of cost-effective assessments and appropriate
use criteria, which in turn would depend on the context of
use and regional particularities of each health-care unit and
system.
Diagnostics
Before thewidespread implementation of blood biomarkers
for Alzheimer’s disease in routine diagnostic tests in
memory clinics, clear guidelines on their usage and inter-
pretation should be established. First, a potential challenge
would be the evidence-based appropriate integration of
blood biomarkers in the current diagnostic test, such as
examining effective ways of combining the biomarkerswith
existing clinical measures that are non-invasive and widely
available. For instance, whether the combination of blood
biomarkers with other accessible measures, such as param-
eters evaluated by clinicians (often based onmedical history,
clinical symptoms, and available imaging measures such as
brain CT or MRI, or both), apolipoprotein E genotypes, and
cognitive assessments, improves the diagnostic113 and prog-
nostic8,114 performance of blood biomarkers needs to be
considered. Similarly, whether the addition of blood bio-
markers improves the performance of clinical measures
substantially needs to be ascertained. Preliminary promising
data presented at the Alzheimer’s Association International
Conference 2023 and obtained as part of the Swedish
BioFINDER Primary Care study115 showed that the use of
plasma biomarkers for Alzheimer’s disease (based on a
predefined algorithm using plasma p-tau217 and Aβ42/40)
increased the accuracy of detecting the pathology of
Alzheimer’s disease by primary care physicians from
55% to more than 85% in a cohort of 265 participants.
Validation in independent cohorts could enhance the

relevance of such findings as this information could be
key to assigning appropriate care in the early phases of
treating individuals withAlzheimer’s disease (eg, treatment
opportunities, counselling). Second, recommendations
should be provided on appropriate clinical interventions to
be undertaken after receiving results of blood biomarker
tests. For example, assuming two cutoffs based on appro-
priate thresholds for sensitivity and specificity, older
individuals could be stratified into three groups on the basis
of their probabilities of amyloid PET positivity—namely,
high, intermediate, and low risk,12with the clinical decisions
for each risk group being comprehensibly different.
Participants in the high-risk group might receive pharma-
ceutical intervention that is approved for treatingAlzheimer’s
disease (symptomatic treatments or anti-amyloid therapies,
or both), as well as referral for disease-modifying clinical
trials. Participants in the low-risk group might require other
clinical evaluations to identify the non-Alzheimer’s disease
causes of cognitive symptoms. In contrast, participants in
the intermediate-risk group might be referred for further
confirmatory testing using CSF or PET biomarkers for
Alzheimer’s disease.
Additionally, interpretation of positive biomarker test

results for Alzheimer’s disease in older individuals who are
cognitively unimpaired on objective assessment remains
debatable. Although evidence suggests that the presence of
positive biomarkers forAlzheimer’s disease (mostly defined
by amyloid and tau PET scans) in cognitively unimpaired
older participants is, as a group, associated with accelerated
www.thelancet.com/healthy-longevity Vol ▪ ▪ 2024
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cognitive decline,116,117 the interindividual trajectories are
quite variable, with a proportion remaining cognitively
stable over time.117,118 The clinical trajectory in this case has
been hypothesised to be influenced by factors beyond
Alzheimer’s disease pathology, such as resilience against the
pathological processes of Alzheimer’s disease (which could
be attributed to healthy lifestyle, education, or protective
genetic makeup), as well as severity of pathophysiological
processes (eg, neuroinflammation, oxidative stress, synaptic
loss, and dysfunction) and non-Alzheimer’s disease copa-
thologies, which could exacerbate cognitive symptoms.117–119

Moreover, whether the addition of blood biomarkers would
have a substantial effect in the diagnostic confidence and
patient management of clinicians needs to be considered.
The long-termeffects onhealth and economic outcomes also
remain to be evaluated.

Treatment
Amajor breakthrough in the field of Alzheimer’s disease is
the introduction of disease-modifying treatments, specifi-
cally anti-amyloid β immunotherapy, which has been
approved in the USA, with approval pending in Europe and
elsewhere.120,121 The introduction of this new drug class
presents many biomarker-related challenges, mainly
because of the high costs and restricted accessibility of CSF
and PET biomarkers for Alzheimer’s disease pathology
(biomarkers required to initiate treatment). In this context,
blood biomarkers have the potential to streamline the pro-
cess for approval of anti-amyloid β immunotherapy, by
identifying individuals eligible for treatment; stratifying
individuals on the basis of their pathophysiological stage;
and monitoring and managing the treatment. Monitoring
and managing the treatment can be especially relevant,
considering that accelerated approval from the FDA might
be granted when the drug is shown to affect a biological
mechanism in a manner considered reasonably likely to
help patients.122,123

With respect to recruitment of individuals in clinical trials
for Alzheimer’s disease, research suggests that including
blood biomarkers for Alzheimer’s disease at different trial
enrolment stages could reduce the number of necessary
lumbar punctures and PET scans, resulting in time savings
of up to 50%, a reduction in screening failures of about 50%,
and cost savings of up to 75%.124–126 Thus, the approach of
using blood biomarkers for Alzheimer’s disease at different
trial enrolment stages is now being implemented in the
recruitment for ongoing trials (eg, NCT04468659). Plasma
p-tau217 has also been used as a stand-alone biomarker to
identify the presence of Alzheimer’s disease pathology in
individuals for inclusion in a trial (NCT05026866). How-
ever, in current clinical practice, anti-amyloid β treatment is
initiated only after verifying the presence of amyloid β
pathology using CSF or PET biomarkers. Considering that
the accuracy for amyloid β pathology is similar to that for
CSF assays and the best-performing plasma assays,6,23,24 the
challenges in transitioning from CSF to blood most prob-
ably include the insufficient clinical experience with using
www.thelancet.com/healthy-longevity Vol ▪ ▪ 2024
blood biomarkers, current low clinical accessibility to blood
biomarkers, and regulatory guidelines for initiating
treatment.
Trials on anti-amyloid β have reported greater benefits for

individuals with Alzheimer’s disease who have low tau
burden, suggesting a need for stratification.121 Although tau
PET has traditionally helped in stratification,121,127 emerging
fluid biomarkers such as p-tau205 andmicrotubule binding
regionof tau containing the residue243 couldbeconsidered
accessible tools for effective stratification in the future.128 In
clinical trials, patients receiving anti-amyloid β treatment
are followed up using amyloid β PET (to evaluate the clear-
ance of amyloid β) and MRI (for safety reasons, specifically
with respect to the development of amyloid β-related
imaging abnormalities). In clinical practice, few memory
clinics will have the capacity to assess the reduction in
amyloid β concentration using PET (which could prompt
cessation of treatment, as done in phase 2 and 3 trials for
donanemab),121,127 thus indicating a potential need for sur-
rogatemarkers. Unfortunately, no bloodmarkers in clinical
trials have so far been able to mimic the pronounced
removal of amyloid β observed using PET,120,121,129 and thus,
further research is necessary before blood biomarkers can
be used to track target engagement and treatment response
in anti-amyloid β treatments. Frequent MRI follow-ups
required to identify the development of amyloid β-related
imaging abnormalities130 could burden health-care systems,
and hence, blood biomarkers could be pivotal in pre-
screening for the requirement of MRI. However, concrete
data are insufficient and future studies should investigate
potential markers such as NfL and GFAP.

Primary care
Implementation of blood biomarkers in primary care poses
more challenges than that in memory clinic settings. In
contrast to most memory clinics, physicians do not have
previous experience with using biomarkers for Alzheimer’s
disease and interpreting results, which can be particularly
challenging in older populations examined in primary care
settings who have a high prevalence of both Alzheimer’s
disease and non-Alzheimer’s disease pathologies. Using
blood biomarkers as a diagnostic test for Alzheimer’s
disease in older populations could result in overdiagnosis
as the blood biomarkers might be interpreted as the
primary cause of cognitive impairment, when in fact, these
biomarkers could be only an asymptomatic or mild copa-
thology to—eg, vascularpathology, otherneurodegenerative
diseases, or other non-degenerative causes of cognitive
disturbance. Another challenge related to the primary care
population is the high prevalence of comorbidities, which
can affect plasma concentrations of blood biomarkers.
Strict guidelines regardingwho should be testedwill need

to be adapted to the current indications for anti-amyloid
treatment and symptomatic treatment programmes as
well as national or regional dementia care programmes
specifying the responsibilities for primary and secondary
care. In the absence of effective disease-modifying drugs for
7
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preclinical stages, freely testing individuals who wish to be
tested could cause more harm than benefit due to the long
period of biomarker positivity without any cognitive symp-
toms,118,131,132 regardlessofhow local guidelines are structured
otherwise. However, these results could provide opportun-
ities for older populations to engage in dementia prevention
trials and revise their plans (eg, retirement, financial and
estate planning).132,133 In areas for which anti-amyloid
treatment is approved, a recommendation to test patients
with mild cognitive impairment or mild dementia and an
underlying suspicion of Alzheimer’s disease (usually a pro-
gressive, amnestic syndrome) could accelerate the start of
treatment by identifying eligible patients early and referring
them to secondary care. The positive predictive value is
higher in such a group of eligible individuals with increased
pre-test probability, making a blood test for Alzheimer’s
disease pathology potentially suitable for aiding Alzheimer’s
disease diagnostics and also facilitating the initiation of
cholinesterase inhibitor treatment in areas in which this
responsibility lies in primary care. Conversely, in the case of
patients for whom the clinician has a low suspicion of
Alzheimer’s disease, blood biomarkers could instead aid in
ruling out Alzheimer’s disease since the negative predictive
value is higher in such a population.12

Population-level screening
As scalability and cost-effectiveness are among the most
important advantages of blood biomarkers compared with
other disease-specific biomarker modalities, the use of
blood biomarkers for screening a general (undiagnosed)
population to detect Alzheimer’s disease pathology repre-
sents the pinnacle of their practical implementation.
Currently, no health-care system is prepared for screening
of Alzheimer’s disease in the relevant age (eg,>50 years) and
at-risk population groups, as has already been realised for
other disease conditions such as various forms of cancer.
However, a recent trial suggests that many of the currently
explored treatmentoptions forAlzheimer’sdisease yield their
highest effects when initiated early, ideally preclinically or
presymptomatically.121 Population screening could, thus,
enable early intervention and possibly even prevention strat-
egies and improved diagnostics and care for underdiagnosed
patient groups, leading to overall better public health.134

However, as expectations of individuals might vary with
respect to the diagnosis, prognosis, and prevention of
Alzheimer’s disease, clinicians and patients should have
access to understandable information and platforms for
clear communication and shared decision making, consid-
ering the differences in the needs and preferences of each
individual.132

Population screening will ultimately be highly dependent
on the availability of valid treatment options.However, until
blood biomarkers are ready to be used as screening tools for
Alzheimer’s disease, the general challenges discussed in
this Series paper have to be resolved to reach sufficient—ie,
near perfect (negative predictive value of close to 100)
diagnostic accuracy—to avoid false-negative (which prevent
individuals from receiving clinical follow-up and treatment)
or false-positive (which lead to unnecessary stress or serious
health consequences) test results.2

Finally, the costs of any given blood biomarker test for
population screening will need to be low, and health-care
decisions about their implementation will be informed by
the concrete consequences of a respective test result.
Targeted efforts and studies are needed to create a know-
ledge base about the feasibility of future screening for
Alzheimer’s disease in the relevant population.135

The analysis of dried blood after a simple fingerprick is
one technological development thatwill further increase the
potential for blood biomarkers to be used in screening in
underserved areas and settings where blood sample pro-
cessing or cooling is not possible. Promising results have
been presented for the measurement of NfL and p-tau
concentrations using dried blood samples.136

Conclusions
The implementation of blood biomarkers for the diagnosis of
Alzheimer’s disease presents considerable challenges, ran-
ging from pre-analytical and analytical standardisation to
interpreting the results in real-world populations with diverse
demographics, confounding factors, and comorbidities.
Although the scalability and cost-effectiveness of blood bio-
markers are evident, resolutionof these challenges is essential
for ensuring the integrationofbloodbiomarkers intodifferent
health-care settings, including memory clinics, primary care,
and population screening programmes. The successful reso-
lution of these challenges will define the transformative effect
of blood biomarkers on facilitating and enhancing the diag-
nosis and treatment of Alzheimer’s disease. The next chal-
lenge is for policymakers and health-care systems worldwide
to develop adequate guidelines which, once approved, would
render these biomarkers and disease-modifying therapies a
reality for everyone, everywhere.
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Therapy; on the review board of Galen and Hilary Weston Foundation,
and the review board of Alzheimer’s Research UK; and travel support
from the Alzheimer’s Association. JT declares consulting fees from the
Neurotorium Educational Platform. SP declares support from Avid,
ki:elements, and Alzheimer’s Drug Discovery Foundation; and payment
www.thelancet.com/healthy-longevity Vol ▪ ▪ 2024

http://www.thelancet.com/healthy-longevity


Series
or honoraria for lectures, presentations, speakers bureaus, manuscript
writing, or educational events from Bioarctic, Biogen, Eisai, Lilly, and
Roche. DA declares contracts or grants from the Institute of Health
Carlos III and the Department of Health Generalitat de Catalunya;
participation in advisory boards of Fujirebio-Europe, Roche Diagnostics,
Grifols SA, and Lilly; and speaker honoraria from Fujirebio-Europe,
Roche Diagnostics, Nutricia, Krka Farmaceutica, Zambon, and Esteve
Pharmaceuticals. DA declares a filed patent application (WO2019175379
A1 Markers of synaptopathy in neurodegenerative disease). CD and JRC
declare no competing interests.

Acknowledgments
There was no funding source for this study.

References
1 Roth S, Burnie N, Suridjan I, Yan JT, Carboni M. Current diagnostic

pathways for Alzheimer’s disease: a cross-sectional real-world study
across six countries. J Alzheimers Dis Rep 2023; 7: 659–74.

2 Blennow K, Galasko D, Perneczky R, et al. The potential clinical
value of plasma biomarkers in Alzheimer’s disease.
Alzheimers Dement 2023; 19: 5805–16.

3 Alcolea D, Beeri MS, Rojas JC, Gardner RC, Lleó A. Blood
biomarkers in neurodegenerative diseases: implications for the
clinical neurologist. Neurology 2023; 101: 172–80.

4 Karikari TK, Pascoal TA, Ashton NJ, et al. Blood phosphorylated tau
181 as a biomarker for Alzheimer’s disease: a diagnostic
performance and prediction modelling study using data from four
prospective cohorts. Lancet Neurol 2020; 19: 422–33.

5 Ashton NJ, Brum WS, Di Molfetta G, et al. Diagnostic accuracy of a
plasma phosphorylated tau 217 immunoassay for Alzheimer disease
pathology. JAMA Neurol 2024; 81: 255–63.

6 Palmqvist S, Janelidze S, Quiroz YT, et al. Discriminative accuracy of
plasma phospho-tau217 for Alzheimer disease vs other
neurodegenerative disorders. JAMA 2020; 324: 772–81.

7 Benedet AL, Milà-Alomà M, Vrillon A, et al. Differences between
plasma and cerebrospinal fluid glial fibrillary acidic protein levels
across the Alzheimer disease continuum. JAMA Neurol 2021;
78: 1471–83.

8 Palmqvist S, Tideman P, Cullen N, et al. Prediction of future
Alzheimer’s disease dementia using plasma phospho-tau combined
with other accessible measures. Nat Med 2021; 27: 1034–42.

9 Nakamura A, Kaneko N, Villemagne VL, et al. High performance
plasma amyloid-β biomarkers for Alzheimer’s disease. Nature 2018;
554: 249–54.

10 Cogswell PM, Lundt ES, Therneau TM, et al. Modeling the temporal
evolution of plasma p-tau in relation to amyloid beta and tau PET.
Alzheimers Dement 2024; 20: 1225–38.

11 Balogun WG, Zetterberg H, Blennow K, Karikari TK. Plasma
biomarkers for neurodegenerative disorders: ready for prime time?
Curr Opin Psychiatry 2023; 36: 112–18.

12 Brum WS, Cullen NC, Janelidze S, et al. A two-step workflow based
on plasma p-tau217 to screen for amyloid β positivity with further
confirmatory testing only in uncertain cases. Nat Aging 2023;
3: 1079–90.

13 Jack CR Jr, Andrews JS, Beach TG, et al. Revised criteria for
diagnosis and staging of Alzheimer’s disease: Alzheimer’s
Association workgroup. Alzheimers Dement 2024; published online
June 27. https://doi.org/10.1002/alz.13859.

14 Janelidze S, Teunissen CE, Zetterberg H, et al. Head-to-head
comparison of 8 plasma amyloid-β42/40 assays in Alzheimer
disease. JAMA Neurol 2021; 78: 1375–82.

15 Jang H, Kim JS, Lee HJ, et al. Performance of the plasma
Aβ42/Aβ40 ratio, measured with a novel HPLC-MS/MS method,
as a biomarker of amyloid PET status in a DPUK-KOREAN cohort.
Alzheimers Res Ther 2021; 13: 179.

16 Pascual-Lucas M, Allué JA, Sarasa L, et al. Clinical performance of an
antibody-free assay for plasma Aβ42/Aβ40 to detect early alterations
of Alzheimer’s disease in individuals with subjective cognitive
decline. Alzheimers Res Ther 2023; 15: 2.

17 Brand AL, Lawler PE, Bollinger JG, et al. The performance of plasma
amyloid beta measurements in identifying amyloid plaques in
Alzheimer’s disease: a literature review. Alzheimers Res Ther 2022;
14: 195.
www.thelancet.com/healthy-longevity Vol ▪ ▪ 2024
18 Janelidze S, Bali D, Ashton NJ, et al. Head-to-head comparison of
10 plasma phospho-tau assays in prodromal Alzheimer’s disease.
Brain 2023; 146: 1592–601.

19 Ossenkoppele R, van der Kant R, Hansson O. Tau biomarkers in
Alzheimer’s disease: towards implementation in clinical practice and
trials. Lancet Neurol 2022; 21: 726–34.

20 Jack CR, Wiste HJ, Algeciras-Schimnich A, et al. Predicting amyloid
PET and tau PET stages with plasma biomarkers. Brain 2023;
146: 2029–44.

21 Barthélemy NR, Horie K, Sato C, Bateman RJ. Blood plasma
phosphorylated-tau isoforms track CNS change in Alzheimer’s
disease. J Exp Med 2020; 217: e20200861.

22 Ashton NJ, Puig-Pijoan A, Milà-Alomà M, et al. Plasma and CSF
biomarkers in a memory clinic: head-to-head comparison of
phosphorylated tau immunoassays. Alzheimers Dement 2023;
19: 1913–24.

23 Therriault J, Servaes S, Tissot C, et al. Equivalence of plasma
p-tau217 with cerebrospinal fluid in the diagnosis of Alzheimer’s
disease. Alzheimers Dement 2023; 19: 4967–77.

24 Barthélemy NR, Salvadó G, Schindler SE, et al. Highly accurate blood
test for Alzheimer’s disease is similar or superior to clinical
cerebrospinal fluid tests. Nat Med 2024; 30: 1085–95.

25 Ashton NJ, Pascoal TA, Karikari TK, et al. Plasma p-tau231: a new
biomarker for incipient Alzheimer’s disease pathology.
Acta Neuropathol 2021; 141: 709–24.

26 Therriault J, Schindler SE, Salvadó G, et al. Biomarker-based staging
of Alzheimer disease: rationale and clinical applications.
Nat Rev Neurol 2024; 20: 232–44.

27 Montoliu-Gaya L, Benedet AL, Tissot C, et al. Mass spectrometric
simultaneous quantification of tau species in plasma shows
differential associations with amyloid and tau pathologies. Nat Aging
2023; 3: 661–69.

28 Lantero-Rodriguez J, Montoliu-Gaya L, Benedet AL, et al. CSF
p-tau205: a biomarker of tau pathology in Alzheimer’s disease.
Acta Neuropathol 2024; 147: 7.

29 Ashton NJ, Janelidze S, Al Khleifat A, et al. A multicentre validation
study of the diagnostic value of plasma neurofilament light.
Nat Commun 2021; 12: 3400.

30 Lewczuk P, Ermann N, Andreasson U, et al. Plasma neurofilament
light as a potential biomarker of neurodegeneration in Alzheimer’s
disease. Alzheimers Res Ther 2018; 10: 71.

31 Mattsson N, Andreasson U, Zetterberg H, Blennow K. Alzheimer’s
Disease Neuroimaging Initiative. Association of plasma
neurofilament light with neurodegeneration in patients with
Alzheimer disease. JAMA Neurol 2017; 74: 557–66.

32 Fortea J, Carmona-Iragui M, Benejam B, et al. Plasma and CSF
biomarkers for the diagnosis of Alzheimer’s disease in adults with Down
syndrome: a cross-sectional study. Lancet Neurol 2018; 17: 860–69.

33 Carmona-Iragui M, Alcolea D, Barroeta I, et al. Diagnostic and
prognostic performance and longitudinal changes in plasma
neurofilament light chain concentrations in adults with Down
syndrome: a cohort study. Lancet Neurol 2021; 20: 605–14.

34 Gonzalez-Ortiz F, Turton M, Kac PR, et al. Brain-derived tau: a novel
blood-based biomarker for Alzheimer’s disease-type
neurodegeneration. Brain 2023; 146: 1152–65.

35 Oeckl P, Wagemann O, Halbgebauer S, et al. Serum beta-synuclein
is higher in Down syndrome and precedes rise of pTau181.
Ann Neurol 2022; 92: 6–10.

36 Oeckl P, Janelidze S, Halbgebauer S, et al. Higher plasma
β-synuclein indicates early synaptic degeneration in Alzheimer’s
disease. Alzheimers Dement 2023; 19: 5095–102.

37 Mohaupt P, Pons ML, Vialaret J, et al. β-synuclein as a candidate
blood biomarker for synaptic degeneration in Alzheimer’s disease.
Alzheimers Res Ther 2022; 14: 179.

38 Oeckl P, Halbgebauer S, Anderl-Straub S, et al. Targeted mass
spectrometry suggests beta-synuclein as synaptic blood marker in
Alzheimer’s disease. J Proteome Res 2020; 19: 1310–18.

39 Kim KY, Shin KY, Chang KA. GFAP as a potential biomarker for
Alzheimer’s disease: a systematic review and meta-analysis. Cells
2023; 12: 1309.

40 Elahi FM, Casaletto KB, La Joie R, et al. Plasma biomarkers of
astrocytic and neuronal dysfunction in early- and late-onset
Alzheimer’s disease. Alzheimers Dement 2020; 16: 681–95.
9

https://doi.org/10.1002/alz.13859
http://www.thelancet.com/healthy-longevity


Series

10
41 Pereira JB, Janelidze S, Smith R, et al. Plasma GFAP is an early
marker of amyloid-β but not tau pathology in Alzheimer’s disease.
Brain 2021; 144: 3505–16.

42 Montoliu-Gaya L, Alcolea D, Ashton NJ, et al. Plasma and
cerebrospinal fluid glial fibrillary acidic protein levels in adults with
Down syndrome: a longitudinal cohort study. EBioMedicine 2023;
90: 104547.

43 O’Connor A, Abel E, Benedet AL, et al. Plasma GFAP in
presymptomatic and symptomatic familial Alzheimer’s disease: a
longitudinal cohort study. J Neurol Neurosurg Psychiatry 2023;
94: 90–92.

44 Bellaver B, Povala G, Ferreira PCL, et al. Astrocyte reactivity
influences amyloid-β effects on tau pathology in preclinical
Alzheimer’s disease. Nat Med 2023; 29: 1775–81.

45 Sánchez-Juan P, Valeriano-Lorenzo E, Ruiz-González A, et al. Serum
GFAP levels correlate with astrocyte reactivity, post-mortem brain
atrophy and neurofibrillary tangles. Brain 2024; 147: 67–79.

46 Bazarian JJ, Biberthaler P, Welch RD, et al. Serum GFAP and
UCH-L1 for prediction of absence of intracranial injuries on head CT
(ALERT-TBI): a multicentre observational study. Lancet Neurol 2018;
17: 782–89.

47 Ahadi R, Khodagholi F, Daneshi A, Vafaei A, Mafi AA, Jorjani M.
Diagnostic value of serum levels of GFAP, pNF-H, and NSE
compared with clinical findings in severity assessment of human
traumatic spinal cord injury. Spine 2015; 40: E823–30.

48 Högel H, Rissanen E, Barro C, et al. Serum glial fibrillary acidic
protein correlates with multiple sclerosis disease severity. Mult Scler
2020; 26: 210–19.

49 Watanabe M, Nakamura Y, Michalak Z, et al. Serum GFAP and
neurofilament light as biomarkers of disease activity and disability in
NMOSD. Neurology 2019; 93: e1299–311.

50 Benussi A, Ashton NJ, Karikari TK, et al. Serum glial fibrillary acidic
protein (GFAP) is a marker of disease severity in frontotemporal
lobar degeneration. J Alzheimers Dis 2020; 77: 1129–41.

51 Heller C, Foiani MS, Moore K, et al. Plasma glial fibrillary acidic
protein is raised in progranulin-associated frontotemporal dementia.
J Neurol Neurosurg Psychiatry 2020; 91: 263–70.

52 Zhu N, Santos-Santos M, Illán-Gala I, et al. Plasma glial fibrillary
acidic protein and neurofilament light chain for the diagnostic and
prognostic evaluation of frontotemporal dementia.
Transl Neurodegener 2021; 10: 50.

53 Su W, Chen HB, Li SH, Wu DY. Correlational study of the serum
levels of the glial fibrillary acidic protein and neurofilament proteins
in Parkinson’s disease patients. Clin Neurol Neurosurg 2012;
114: 372–75.

54 Verde F, Milone I, Maranzano A, et al. Serum levels of glial fibrillary
acidic protein in patients with amyotrophic lateral sclerosis.
Ann Clin Transl Neurol 2023; 10: 118–29.

55 Shir D, Graff-Radford J, Hofrenning EI, et al. Association of plasma
glial fibrillary acidic protein (GFAP) with neuroimaging of
Alzheimer’s disease and vascular pathology. Alzheimers Dement (Amst)
2022; 14: e12291.

56 Delaby C, Alcolea D, Hirtz C, et al. Blood amyloid and tau
biomarkers as predictors of cerebrospinal fluid profiles.
J Neural Transm (Vienna) 2022; 129: 231–37.

57 Ovod V, Ramsey KN, Mawuenyega KG, et al. Amyloid β
concentrations and stable isotope labeling kinetics of human plasma
specific to central nervous system amyloidosis. Alzheimers Dement
2017; 13: 841–49.

58 West T, Kirmess KM, Meyer MR, et al. A blood-based diagnostic test
incorporating plasma Aβ42/40 ratio, ApoE proteotype, and age
accurately identifies brain amyloid status: findings from a multi
cohort validity analysis. Mol Neurodegener 2021; 16: 30.

59 Mattsson N, Cullen NC, Andreasson U, Zetterberg H, Blennow K.
Association between longitudinal plasma neurofilament light and
neurodegeneration in patients with Alzheimer disease. JAMA Neurol
2019; 76: 791–99.

60 Preische O, Schultz SA, Apel A, et al. Serum neurofilament
dynamics predicts neurodegeneration and clinical progression in
presymptomatic Alzheimer’s disease. Nat Med 2019; 25: 277–83.

61 Chatterjee P, Vermunt L, Gordon BA, et al. Plasma glial fibrillary
acidic protein in autosomal dominant Alzheimer’s disease:
associations with Aβ-PET, neurodegeneration, and cognition.
Alzheimers Dement 2023; 19: 2790–804.
62 Huber H, Ashton N. DROP AD: detecting Alzheimer’s disease
biomarkers in a single blood spot. July 18, 2023. https://www.
vjdementia.com/video/4uekwzrbayg-drop-ad-detecting-alzheimers-
disease-biomarkers-in-a-single-blood-spot/ (accessed March 28, 2024).

63 Huber H, Blennow K, Zetterberg H, et al. Biomarkers of Alzheimer’s
disease and neurodegeneration in dried blood spots—a new collection
method for remote settings. Alzheimers Dement 2024; 20: 2340–52.

64 Keshavan A, Pannee J, Karikari TK, et al. Population-based blood
screening for preclinical Alzheimer’s disease in a British birth cohort
at age 70. Brain 2021; 144: 434–49.

65 Noda K, Lim Y, Goto R, Sengoku S, Kodama K. Cost-effectiveness
comparison between blood biomarkers and conventional tests in
Alzheimer’s disease diagnosis. Drug Discov Today 2024;
29: 103911.

66 Mattke S, Cho SK, Bittner T, Hlávka J, Hanson M. Blood-based
biomarkers for Alzheimer’s pathology and the diagnostic process for
a disease-modifying treatment: projecting the impact on the cost and
wait times. Alzheimers Dement (Amst) 2020; 12: e12081.

67 Mattsson N, Andreasson U, Persson S, et al. CSF biomarker
variability in the Alzheimer’s Association quality control program.
Alzheimers Dement 2013; 9: 251–61.

68 Vos SJ, Visser PJ, Verhey F, et al. Variability of CSF Alzheimer’s
disease biomarkers: implications for clinical practice. PLoS One
2014; 9: e100784.

69 Hansson O, Batrla R, Brix B, et al. The Alzheimer’s Association
international guidelines for handling of cerebrospinal fluid for
routine clinical measurements of amyloid β and tau.
Alzheimers Dement 2021; 17: 1575–82.

70 Verberk IMW, Misdorp EO, Koelewijn J, et al. Characterization of
pre-analytical sample handling effects on a panel of Alzheimer’s
disease–related blood-based biomarkers: results from the
Standardization of Alzheimer’s Blood Biomarkers (SABB) working
group. Alzheimers Dement 2022; 18: 1484–97.

71 Huber H, Ashton NJ, Schieren A, et al. Levels of Alzheimer’s disease
blood biomarkers are altered after food intake—a pilot intervention
study in healthy adults. Alzheimers Dement 2023; 19: 5531–40.

72 Rodriguez-Ayllon M, Solis-Urra P, Arroyo-Ávila C, et al. Physical
activity and amyloid beta in middle-aged and older adults: a
systematic review and meta-analysis. J Sport Heal Sci 2024;
13: 133–44.

73 Bali D, Hansson O, Janelidze S. Effects of certain pre-analytical
factors on the performance of plasma phospho-tau217.
Alzheimers Res Ther 2024; 16: 31.

74 Willemse EAJ, van Maurik IS, Tijms BM, et al. Diagnostic
performance of Elecsys immunoassays for cerebrospinal fluid
Alzheimer’s disease biomarkers in a nonacademic, multicenter
memory clinic cohort: the ABIDE project. Alzheimers Dement (Amst)
2018; 10: 563–72.

75 Boulo S, Kuhlmann J, Andreasson U, et al. First amyloid
β1-42 certified reference material for re-calibrating commercial
immunoassays. Alzheimers Dement 2020; 16: 1493–503.

76 Bayoumy S, Verberk IMW, den Dulk B, et al. Clinical and analytical
comparison of six Simoa assays for plasma P-tau isoforms P-tau181,
P-tau217, and P-tau231. Alzheimers Res Ther 2021; 13: 198.

77 Andreasson U, Gobom J, Delatour V, et al. Assessing the
commutability of candidate reference materials for the
harmonization of neurofilament light measurements in blood.
Clin Chem Lab Med 2023; 61: 1245–54.

78 Rózga M, Bittner T, Batrla R, Karl J. Preanalytical sample handling
recommendations for Alzheimer’s disease plasma biomarkers.
Alzheimers Dement (Amst) 2019; 11: 291–300.

79 Mansilla A, Canyelles M, Ferrer R, et al. Effects of storage conditions
on the stability of blood-based markers for the diagnosis of
Alzheimer’s disease. Clin Chem Lab Med 2023; 61: 1580–89.

80 Teunissen CE, Verberk IMW, Thijssen EH, et al. Blood-based
biomarkers for Alzheimer’s disease: towards clinical
implementation. Lancet Neurol 2022; 21: 66–77.

81 Mielke MM, Dage JL, Frank RD, et al. Performance of plasma
phosphorylated tau 181 and 217 in the community. Nat Med 2022;
28: 1398–405.

82 Dittrich A, Ashton NJ, Zetterberg H, et al. Association of chronic
kidney disease with plasma NfL and other biomarkers of
neurodegeneration: the H70 Birth Cohort Study in Gothenburg.
Neurology 2023; 101: e277–88.
www.thelancet.com/healthy-longevity Vol ▪ ▪ 2024

https://www.vjdementia.com/video/4uekwzrbayg-drop-ad-detecting-alzheimers-disease-biomarkers-in-a-single-blood-spot/
https://www.vjdementia.com/video/4uekwzrbayg-drop-ad-detecting-alzheimers-disease-biomarkers-in-a-single-blood-spot/
https://www.vjdementia.com/video/4uekwzrbayg-drop-ad-detecting-alzheimers-disease-biomarkers-in-a-single-blood-spot/
http://www.thelancet.com/healthy-longevity


Series
83 Pichet Binette A, Janelidze S, Cullen N, et al. Confounding factors of
Alzheimer’s disease plasma biomarkers and their impact on clinical
performance. Alzheimers Dement 2023; 19: 1403–14.

84 Janelidze S, Barthélemy NR, He Y, Bateman RJ, Hansson O.
Mitigating the associations of kidney dysfunction with blood
biomarkers of Alzheimer disease by using phosphorylated tau to total
tau ratios. JAMA Neurol 2023; 80: 516–22.

85 Syrjanen JA, Campbell MR, Algeciras-Schimnich A, et al.
Associations of amyloid and neurodegeneration plasma biomarkers
with comorbidities. Alzheimers Dement 2022; 18: 1128–40.

86 Ashton NJ, Moseby-Knappe M, Benedet AL, et al. Alzheimer disease
blood biomarkers in patients with out-of-hospital cardiac arrest.
JAMA Neurol 2023; 80: 388–96.

87 Rubenstein R, Chang B, Yue JK, et al. Comparing plasma phospho
tau, total tau, and phospho tau–total tau ratio as acute and chronic
traumatic brain injury biomarkers. JAMA Neurol 2017; 74: 1063–72.

88 Brum WS, Docherty KF, Ashton NJ, et al. Effect of neprilysin
inhibition on Alzheimer disease plasma biomarkers: a secondary
analysis of a randomized clinical trial. JAMA Neurol 2024;
81: 197–200.

89 Chong JR, Ashton NJ, Karikari TK, et al. Blood-based high sensitivity
measurements of beta-amyloid and phosphorylated tau as
biomarkers of Alzheimer’s disease: a focused review on recent
advances. J Neurol Neurosurg Psychiatry 2021; 92: 1231–41.

90 Pais MV, Forlenza OV, Diniz BS. Plasma biomarkers of Alzheimer’s
disease: a review of available assays, recent developments, and
implications for clinical practice. J Alzheimers Dis Rep 2023;
7: 355–80.

91 Brickman AM, Manly JJ, Honig LS, et al. Plasma p-tau181, p-tau217,
and other blood-based Alzheimer’s disease biomarkers in a multi-
ethnic, community study. Alzheimers Dement 2021; 17: 1353–64.

92 O’Bryant SE, Petersen M, Hall J, Johnson LA, HABS-HD Study
Team. Medical comorbidities and ethnicity impact plasma
Alzheimer’s disease biomarkers: important considerations for
clinical trials and practice. Alzheimers Dement 2023; 19: 36–43.

93 Schindler SE, Karikari TK, Ashton NJ, et al. Effect of race on
prediction of brain amyloidosis by plasma Aβ42/Aβ40,
phosphorylated tau, and neurofilament light. Neurology 2022;
99: e245–57.

94 Chong JR, Hilal S, Ashton NJ, et al. Brain atrophy and white matter
hyperintensities are independently associated with plasma
neurofilament light chain in an Asian cohort of cognitively impaired
patients with concomitant cerebral small vessel disease.
Alzheimers Dement (Amst) 2023; 15: e12396.

95 Chong JR, Ashton NJ, Karikari TK, et al. Plasma p-tau181 to Aβ42
ratio is associated with brain amyloid burden and hippocampal
atrophy in an Asian cohort of Alzheimer’s disease patients with
concomitant cerebrovascular disease. Alzheimers Dement 2021;
17: 1649–62.

96 Gao F, Dai L, Wang Q, et al. Blood-based biomarkers for Alzheimer’s
disease: a multicenter-based cross-sectional and longitudinal study in
China. Sci Bull 2023; 68: 1800–08.

97 Ramanan VK, Graff-Radford J, Syrjanen J, et al. Association of
plasma biomarkers of Alzheimer disease with cognition and medical
comorbidities in a biracial cohort. Neurology 2023; 101: e1402–11.

98 Tsiknia AA, Edland SD, Sundermann EE, et al. Sex differences in
plasma p-tau181 associations with Alzheimer’s disease biomarkers,
cognitive decline, and clinical progression. Mol Psychiatry 2022;
27: 4314–22.

99 Saloner R, VandeVrede L, Asken BM, et al. Plasma phosphorylated
tau-217 exhibits sex-specific prognostication of cognitive decline and
brain atrophy in cognitively unimpaired adults. Alzheimers Dement
2024; 20: 376–87.

100 Chowdhury SR, Chandra Das D, Sunna TC, Beyene J, Hossain A.
Global and regional prevalence of multimorbidity in the adult
population in community settings: a systematic review and
meta-analysis. EClinicalMedicine 2023; 57: 101860.

101 Garin N, Koyanagi A, Chatterji S, et al. Global multimorbidity
patterns: a cross-sectional, population-based, multi-country study.
J Gerontol A Biol Sci Med Sci 2016; 71: 205–14.

102 Lam BYK, Yiu B, Ampil E, et al. High burden of cerebral white
matter lesion in 9 Asian cities. Sci Rep 2021; 11: 11587.
www.thelancet.com/healthy-longevity Vol ▪ ▪ 2024
103 Chen C, Homma A, Mok VCT, et al. Alzheimer’s disease with
cerebrovascular disease: current status in the Asia–Pacific region.
J Intern Med 2016; 280: 359–74.

104 Karikari TK. Blood tests for Alzheimer’s disease: increasing efforts to
expand and diversify research participation is critical for widespread
validation and acceptance. J Alzheimers Dis 2022; 90: 967–74.

105 Frisoni GB, Boccardi M, Barkhof F, et al. Strategic roadmap for an
early diagnosis of Alzheimer’s disease based on biomarkers.
Lancet Neurol 2017; 16: 661–76.

106 Chatterjee P, Pedrini S, Doecke JD, et al. Plasma Aβ42/40 ratio,
p-tau181, GFAP, and NfL across the Alzheimer’s disease continuum:
a cross-sectional and longitudinal study in the AIBL cohort.
Alzheimers Dement 2023; 19: 1117–34.

107 Burnham SC, Fandos N, Fowler C, et al. Longitudinal evaluation of
the natural history of amyloid-β in plasma and brain. Brain Commun
2020; 2: fcaa041.

108 Moscoso A, Grothe MJ, Ashton NJ, et al. Time course of
phosphorylated-tau181 in blood across the Alzheimer’s disease
spectrum. Brain 2021; 144: 325–39.

109 Ashton NJ, Janelidze S, Mattsson-Carlgren N, et al. Differential roles
of Aβ42/40, p-tau231 and p-tau217 for Alzheimer’s trial selection and
disease monitoring. Nat Med 2022; 28: 2555–62.

110 O’Connor A, Karikari TK, Poole T, et al. Plasma phospho-tau181 in
presymptomatic and symptomatic familial Alzheimer’s disease: a
longitudinal cohort study. Mol Psychiatry 2021; 26: 5967–76.

111 Cummings J, Kinney J. Biomarkers for Alzheimer’s disease: context
of use, qualification, and roadmap for clinical implementation.
Medicina (Kaunas) 2022; 58: 952.

112 Hansson O, Edelmayer RM, Boxer AL, et al. The Alzheimer’s
Association appropriate use recommendations for blood biomarkers
in Alzheimer’s disease. Alzheimers Dement 2022; 18: 2669–86.

113 Pan F, Huang Y, Cai X, et al. Integrated algorithm combining plasma
biomarkers and cognitive assessments accurately predicts brain
β-amyloid pathology. Commun Med (Lond) 2023; 3: 65.

114 Pichet Binette A, Palmqvist S, Bali D, et al. Combining plasma
phospho-tau and accessible measures to evaluate progression to
Alzheimer’s dementia in mild cognitive impairment patients.
Alzheimers Res Ther 2022; 14: 46.

115 George J. Alzheimer’s blood tests may improve primary care
diagnoses. July 21, 2023. https://www.medpagetoday.com/
meetingcoverage/aaic/105596 (accessed March 28, 2024).

116 Strikwerda-Brown C, Hobbs DA, Gonneaud J, et al. Association of
elevated amyloid and tau positron emission tomography signal with
near-term development of Alzheimer disease symptoms in older
adults without cognitive impairment. JAMA Neurol 2022; 79: 975–85.

117 Ossenkoppele R, Pichet Binette A, Groot C, et al. Amyloid and tau
PET-positive cognitively unimpaired individuals are at high risk for
future cognitive decline. Nat Med 2022; 28: 2381–87.

118 Dubois B, Villain N, Frisoni GB, et al. Clinical diagnosis of
Alzheimer’s disease: recommendations of the International Working
Group. Lancet Neurol 2021; 20: 484–96.

119 Dubois B, Hampel H, Feldman HH, et al. Preclinical Alzheimer’s
disease: definition, natural history, and diagnostic criteria.
Alzheimers Dement 2016; 12: 292–323.

120 Riederer F. Donanemab in early Alzheimer’s disease.
J Neurol Neurochir Psychiatr 2021; 22: 142–43.

121 Sims JR, Zimmer JA, Evans CD, et al. Donanemab in early
symptomatic Alzheimer disease: the TRAILBLAZER-ALZ
2 randomized clinical trial. JAMA 2023; 330: 512–27.

122 Food & Drug Administration. FDA grants accelerated approval for
Alzheimer’s disease treatment. Jan 6, 2023. https://www.fda.gov/
news-events/press-announcements/fda-grants-accelerated-approval-
alzheimers-disease-treatment (accessed Dec 4, 2023).

123 Food & Drug Administration. FDA approves treatment of
amyotrophic lateral sclerosis associated with a mutation in the SOD1
gene. April 25, 2023. https://www.fda.gov/drugs/news-events-
human-drugs/fda-approves-treatment-amyotrophic-lateral-sclerosis-
associated-mutation-sod1-gene (accessed June 14, 2024).

124 Moscoso A, Karikari TK, Grothe MJ, et al. CSF biomarkers and
plasma p-tau181 as predictors of longitudinal tau accumulation:
implications for clinical trial design. Alzheimers Dement 2022;
18: 2614–26.
11

https://www.medpagetoday.com/meetingcoverage/aaic/105596
https://www.medpagetoday.com/meetingcoverage/aaic/105596
https://www.fda.gov/news-events/press-announcements/fda-grants-accelerated-approval-alzheimers-disease-treatment
https://www.fda.gov/news-events/press-announcements/fda-grants-accelerated-approval-alzheimers-disease-treatment
https://www.fda.gov/news-events/press-announcements/fda-grants-accelerated-approval-alzheimers-disease-treatment
https://www.fda.gov/drugs/news-events-human-drugs/fda-approves-treatment-amyotrophic-lateral-sclerosis-associated-mutation-sod1-gene
https://www.fda.gov/drugs/news-events-human-drugs/fda-approves-treatment-amyotrophic-lateral-sclerosis-associated-mutation-sod1-gene
https://www.fda.gov/drugs/news-events-human-drugs/fda-approves-treatment-amyotrophic-lateral-sclerosis-associated-mutation-sod1-gene
http://www.thelancet.com/healthy-longevity


Series

12
125 Schindler SE, Li Y, Li M, et al. Using Alzheimer’s disease blood tests
to accelerate clinical trial enrollment. Alzheimers Dement 2023;
19: 1175–83.

126 Palmqvist S, Janelidze S, Stomrud E, et al. Performance of fully
automated plasma assays as screening tests for Alzheimer disease–
related β-amyloid status. JAMA Neurol 2019; 76: 1060–69.

127 Mintun MA, Lo AC, Duggan Evans C, et al. Donanemab in early
Alzheimer’s disease. N Engl J Med 2021; 384: 1691–704.

128 Horie K, Salvadó G, Barthélemy NR, et al. CSF MTBR-tau243 is a
specific biomarker of tau tangle pathology in Alzheimer’s disease.
Nat Med 2023; 29: 1954–63.

129 Pontecorvo MJ, Lu M, Burnham SC, et al. Association of donanemab
treatment with exploratory plasma biomarkers in early symptomatic
Alzheimer disease: a secondary analysis of the TRAILBLAZER-ALZ
randomized clinical trial. JAMA Neurol 2022; 79: 1250–59.

130 Cummings J, Apostolova L, Rabinovici GD, et al. Lecanemab:
appropriate use recommendations. J Prev Alzheimers Dis 2023;
10: 362–77.

131 Jack CR, Bennett DA, Blennow K, et al. NIA-AA Research
Framework: toward a biological definition of Alzheimer’s disease.
Alzheimers Dement 2018; 14: 535–62.
132 van der Flier WM, de Vugt ME, Smets EMA, Blom M, Teunissen CE.
Towards a future where Alzheimer’s disease pathology is stopped
before the onset of dementia. Nat Aging 2023; 3: 494–505.

133 Largent EA, Wexler A, Karlawish J. The future is P-tau-anticipating
direct-to-consumer Alzheimer disease blood tests. JAMA Neurol
2021; 78: 379–80.

134 Hampel H, Hu Y, Cummings J, et al. Blood-based biomarkers for
Alzheimer’s disease: current state and future use in a transformed
global healthcare landscape. Neuron 2023; 111: 2781–99.

135 Blennow K, Heeman F, Kern S, et al. REAL AD–a realistic screening
approach for preclinical Alzheimer’s disease. Alzheimers Dement
2023; 19: e079187.

136 Kolanko MA, Huber H, David MCB, et al. Quantification of
neurofilament light and glial fibrillary acidic protein in finger-prick
blood. Brain Commun 2024; 6: fcae151.

© 2024 The Author(s). Published by Elsevier Ltd. This is an open access
article under the CC BY-NC-ND license (http://creativecommons.org/
licenses/by-nc-nd/4.0/).
www.thelancet.com/healthy-longevity Vol ▪ ▪ 2024

http://www.thelancet.com/healthy-longevity

	Challenges in the practical implementation of blood biomarkers for Alzheimer’s disease
	Introduction
	Blood biomarkers for Alzheimer’s disease: types and their targets
	Practical challenges in the implementation of plasma biomarkers
	Availability and accessibility of analytical techniques
	Standardisation of results for blood biomarker measurements

	Research challenges in the implementation of plasma biomarkers
	Effects of confounding factors and comorbidities in real-world populations
	Differences in the measurement of blood biomarkers across diverse populations

	Challenges in the implementation of plasma biomarkers in the clinical context
	Regulatory challenges for the implementation of blood biomarkers
	Diagnostics
	Treatment
	Primary care
	Population-level screening

	Conclusions
	Contributors
	Declaration of interests
	Acknowledgments
	References


