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Abstract

Background Alzheimer disease (AD) is the most common cause of dementia in the world and its prevalence is
increasing and it has important public health consequences. Early diagnosis remains challenging due to reliance

on costly and invasive methods such as positron emission tomography (PET) and cerebrospinal fluid (CSF) analysis.
Blood-based biomarkers have emerged as a promising, less invasive alternatives to identify AD pathology, especially
in the early and preclinical stages. This systematic review aim to evaluate the diagnostic accuracy of blood-based
biomarkers for the early detection of Alzheimer’s disease.

Methods An extensive literature search was performed in PubMed/MEDLINE, EMBASE, Scopus, Web of Science,
and Cochrane Library on studies published since 2010 up to March 2026. The search strategies involved the use of
Medical Subject Headings (MeSH), and free-text words associated with Alzheimer disease, blood-based biomarkers,
and diagnostic accuracy. Peer-reviewed diagnostic accuracy studies focused on adult populations were included

in line with PICO framework. The selection of studies was based on PRISMA guidelines and were critically appraised
using QUADAS-2. Because of heterogeneity across the included studies, synthesis of findings was carried out using a
narrative approach.

Results Six studies were included in this review. Diagnostic performance of phosphorylated tau biomarkers
(p-tau181 and p-tau217) was consistently high (AUC up to 0.93), and glial fibrillary acidic protein (GFAP) also showed
strong performance (AUC up to 0.87). Amyloid-{3 ratios (AB42/AB340) showed moderate to high accuracy, especially
in preclinical detection, but had varying performance across assays (AUC 0.69-0.94). Neurofilament light chain (NfL)
demonstrated moderate diagnostic value (AUC of up to 0.79) and was more predictive of progression than an early
diagnosis. Combinations of biomarkers, especially those that included genetic variables like APOE genotype, were
consistently more effective than individual biomarkers (AUC up to 0.92).

Conclusion Biomarkers in blood, especially p-tau and GFAP, have a strong potential for early detection of Alzheimer
disease, with their combination yielding better results. Although promising, assay variation and lack of standardisation
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hinder clinical translation. To facilitate their integration into standard diagnostic practice further large-scale validation

and harmonisation effort is required.

Keywords Alzheimer’s disease, Blood-based biomarkers, Diagnostic accuracy, Early diagnosis, Phosphorylated tau
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review, QUADAS-2

Introduction

Alzheimer Disease (AD) is a neurodegenerative progres-
sive disease and the most common cause of dementia and
is characterised by a deterioration in memory, cognitive
ability, and capacity to carry out everyday tasks [1]. It is
pathologically characterised by the presence of extracel-
lular amyloid-p plaques and intracellular neurofibrillary
tangles consisting of hyperphosphorylated tau protein,
resulting in the dysfunction of the synapses and neuronal
loss [2]. AD is one of the significant health issues in the
world, especially among older generations. World Health
Organization [3] states that the number of individuals
living with dementia worldwide is more than 55 mil-
lion with Alzheimer disease comprising about 60-70%
of these cases. It is estimated that the global burden is
likely to increase to 139 million by 2050, and most of it
is due to demographic ageing but with low- and middle-
income countries showing the greatest increases [3]. This
increasing prevalence highlights the necessity to develop
better approaches to early detection and treatment.

Clinical assessment of the patient (patient history, cog-
nitive testing, and functional evaluation) has long been
used as a tool to diagnose Alzheimer disease and in many
cases, neuroimaging and cerebrospinal fluid (CSF) bio-
markers have been used to supplement the diagnosis
[4]. Developed diagnostic models, including those put
forward by the National Institute on Aging-Alzheimer’s
Association (NIA-AA), include biomarkers of amyloid
deposition, tau pathology, and neurodegeneration [2, 4].
Nevertheless, the existing methods of diagnosis have a
number of limitations. The neuroimaging methods like
positron emission tomography (PET) are costly and not
widely accessible especially in resource constrained envi-
ronments. On the same note, CSF biomarkers analysis
necessitates lumbar puncture which is invasive but might
not be acceptable by some patients and is not feasible
in large scale screening [5]. As a result, there are cases
where the diagnosis is usually made during relatively late
phases of the disease, which limits the effectiveness of
possible treatment methods.

To respond to these challenges, blood-based biomark-
ers have become a promising, less invasive alternative
for the early detection of AD. Blood-based biomarkers
are measurable biological molecules present in plasma
or serum that reflect pathological processes associated
with AD, including amyloid pathology (Ap42/AB40), tau
pathology (p-taul81 and p-tau217), neurodegeneration

(NfL), and astrocytic activation (GFAP [6, 7]. The devel-
opment of ultra-sensitive techniques of assays, including
single molecule array (Simoa) and mass spectrometry,
has greatly facilitated the accuracy and reliability of these
biomarkers in blood detection [8]. Notably, these mark-
ers have demonstrated high levels of correlations with
known CSF and imaging biomarkers, and capacity to
predict disease onset at preclinical stages [9]. In this way,
blood-based biomarkers have significant potential in
large-scale screening, early diagnosis, and disease pro-
gression monitoring both in the clinical and community
environment [10].

Although these progresses have been made, a lot of
variations exists in the reported accuracy of various
blood-based biomarkers in various studies, such as varia-
tions in sensitivity, specificity, assay procedures, and pop-
ulation characteristics [8, 10, 11]. While several reviews
have explored the potential of these biomarkers, there
remains a lack of comprehensive synthesis specifically
focused on diagnostic accuracy across diverse settings
and study designs [5, 12]. Furthermore, the methodologi-
cal inconsistencies in quality and reporting criteria in
different diagnostic accuracy studies restrict the applica-
tion of the results to clinical practice. Thus, this system-
atic review aims to critically review and synthesise the
existing evidence on the diagnostic accuracy of blood-
based biomarkers to identify Alzheimer disease at an
early stage. By identifying the most scalable biomarkers
and exposing gaps in the current body of knowledge, this
review seeks to provide insights into clinical decision-
making, inform future studies, and support the creation
of scalable diagnostic tools, especially in resource-limited
settings.

Methods

This review follows the Preferred Reporting Items of Sys-
tematic Review and Meta-Analysis (PRISMA) guideline
[13]. This review was registered on PROSPERO as http:
/Iwww.crd.york.ac.uk/PROSPERO/view/CRD420261345
590.

Search strategy

The search strategy was elaborate, systematic, and
designed to locate the appropriate research on the diag-
nostic accuracy of blood-based biomarkers of early
Alzheimer disease. The systematic search of electronic
databases: PubMed/MEDLINE, EMBASE, Scopus, and
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Web of Science and Cochrane Library was conducted
for studies carried out between January 2010 and March
2026. A search strategy that was used comprised of a
combination of controlled vocabulary (Medical Sub-
ject Headings [MeSH]) and free-text words to maximise
sensitivity and specificity. Key MeSH terms included
“Alzheimer Disease”, “Biomarkers”, “Blood”, “Plasma’,
and “Sewmsitivity and Specificity”. These were comple-
mented by synonymous keywords such as “Alzheimer®’
“blood-based biomarker*’, “plasma tau’, “amyloid beta’,
“diagnostic accuracy’, “early diagnosis’, and “screening”.
Boolean operators (AND, OR, NOT) were applied to
structure the search, for example: (“Alzheimer Disease”
OR “Alzheimer*”) AND (“blood biomarker*” OR “plasma
biomarker*” OR “serum biomarker*”) AND (“diagnostic
accuracy” OR “sensitivity and specificity” OR “ROC”).
Where necessary truncation and wildcard symbols were
applied to represent terminology variations. Included
studies and relevant reviews were also searched manually
to find other eligible studies.

Inclusion and exclusion criteria

This review adhered to PICO (Population, Index test,
Comparator, Outcome) framework to select the inclusion
and exclusion criteria, which would allow a systematic
and clear selection process [14]. Table 1 shows the inclu-
sion and exclusion criteria.

Study selection

The study selection was done by a comprehensive multi-
stage screening procedure in line with (PRISMA) [13]. All
the records retrieved were exported to Zotero reference
management software, where duplicates were detected
and eliminated [15]. The rest of the records were sub-
jected to preliminary title and abstract screening by two
independent reviewers so as to eliminate obviously irrel-
evant studies based on the eligibility criteria. Full texts
of potentially eligible studies were then retrieved and
assessed independently by the same reviewers for final
inclusion. Any discrepancy in any step was sorted out

Table 1 Inclusion and Exclusion Criteria
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either by discussion or involvement of a third reviewer.
The reasons for exclusion during the full-text stage were
recorded to promote transparency. The study selec-
tion process was presented in a PRISMA flow diagram
[13], that contained the number of records identified,
screened, excluded, and included in the final synthesis.

Data extraction

A standardised and piloted data extraction form was
used to extract data to ensure consistency and complete-
ness. The characteristics of the included studies (author,
year, country, study design), study participant (sample
size, age, clinical status), type of blood-based biomarker
measured, assay procedures (e.g., Simoa, ELISA, mass
spectrometry), reference standards employed, and the
diagnostic accuracy scores (sensitivity, specificity, AUC,
cut-off values) were extracted. The data extraction was
done by two reviewers and consensus was made in case
of disagreement. The data extracted were then subjected
to narrative synthesis to compare the results across
studies.

Quality assessment

Methodological quality and risk of bias of included stud-
ies were measured with the use of the QUADAS-2 (Qual-
ity Assessment of Diagnostic Accuracy Studies-2), which
is a validated and highly recommended tool of quality
assessment of studies about diagnostic accuracy [16].
QUADAS-2 evaluates studies based on four important
areas namely patient selection, index test, reference stan-
dard and flow and timing with the first three areas also
evaluated based on applicability issues [16]. The reason
behind choosing this tool is that it is very specific to the
diagnostic accuracy research and can be used to deter-
mine possible sources of bias that can influence validity
and generalisability of results. The quality assessment was
done by two independent reviewers and where there was
disagreement, a third reviewer was consulted. The studies
that were deemed to be at risk of bias in various aspects,
especially in the critical areas like the wrong selection of

PICO Element Inclusion Criteria

Exclusion Criteria

Population (P)
Index Test (1)

Comparator (C)/Refer-

ence Test

Outcome (O) Diagnostic accuracy metrics (sensitivity, specificity, AUC, ROC)
Study Design Diagnostic accuracy studies (cross-sectional, cohort, case-control)
Timeframe 2010-2026

Language English

Publication Type Peer-reviewed journal articles

Adults (=18 years) with Alzheimer’s disease or at risk (preclinical/MCl)
Blood-based biomarkers (plasma/serum AR, p-tau, NfL, GFAP, etc))

CSF biomarkers, PET imaging, or clinical diagnostic criteria

Children, non-human/animal studies, other demen-
tia types without AD-specific analysis

Non-blood biomarkers (e.g., CSF-only, imaging-only
studies)

Studies without a reference standard

Studies not reporting diagnostic accuracy outcomes

Reviews, qualitative research, editorials, case reports,
conference abstracts

Studies published before 2010
Non-English publications
Grey literature without sufficient data
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patients or absence of valid reference standard were clas-
sified to be of low quality. These researches did not make
it to the final synthesis in order to increase the reliability
and strength of the findings of the review. This methodol-
ogy is reasonable because inclusion of methodologically
weak studies can generate bias and eventually invalidate
the conclusions reached on the diagnostic value of blood-
based biomarkers.

Data synthesis

To summarise and interpret the findings of the stud-
ies included, a narrative synthesis approach was used
[17]. The rationale behind the selection of this approach
is the perceived heterogeneity of studies in the type of
biomarkers (e.g., AP, p-tau isoforms, NfL, GFAP), assay
techniques, study populations, diagnostic thresholds,
and reported outcomes. This inconsistency can restrict
the practicability and suitability of statistical pooling by
meta-analysis. An organised transparent synthesis of
findings was carried out using narrative synthesis with-
out losing the significant contextual variations among
researches [18]. The synthesis proceeded in a number
of phases: to begin with, studies were categorised based
on the nature of the biomarker and diagnostic use (e.g.
early detection, distinguishing AD among other forms of
dementias); second, important traits and findings were
tabulated and compared across studies; third, trends,
consistency, and inconsistency in measures of diagnostic
accuracy (e.g. sensitivity, specificity, AUC) were identified
and critically discussed. Quality of methodology, variabil-
ity of assays and differences in the populations were also
taken into consideration to explain the heterogeneity in
results. This narrative approach made it possible to gain a
detailed and in-depth insight into the evidence base, out-
line the most promising biomarkers, and find gaps and
areas where more research is needed.

Result

Overview of search process

As shown in Fig. 1, a search conducted across PubMed/
MEDLINE, EMBASE, Scopus, Web of Science, and
Cochrane Library identified 1,128 records. Following
removal of duplicates and title/abstract screening, 214
studies underwent full-text assessment. Only six studies
met the predefined eligibility criteria and were included
in the final synthesis. Although the number of included
studies was relatively small, this reflects the highly
focused nature of the review rather than limitations in
the search process. Specifically, studies were required to
report quantitative diagnostic accuracy outcomes (e.g.,
sensitivity, specificity, AUC, ROC measures) and include
appropriate reference standards. Many excluded studies
investigated biomarker associations, disease progression,
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assay development, or non-diagnostic outcomes and
therefore did not satisfy the review objectives.

Characteristics of included studies

A total of six studies were included in this review. The
studies were conducted in mostly Asian countries,
US, Europe, Australia. Although only six studies were
included, this reflects the rigorous and focused eligi-
bility criteria employed rather than limitations of the
search strategy. The review specifically targeted diag-
nostic accuracy studies reporting quantitative outcomes
such as sensitivity, specificity, AUC, and ROC measures
with appropriate reference standards. Numerous studies
identified during screening evaluated biomarker asso-
ciations, disease progression, assay development, or non-
diagnostic outcomes and therefore did not align with
the predefined review objectives and methodological
requirements.

Table 2. details the characteristics of included studies.

Critical appraisal of the included studies

Table 3 shows the quality assessment of the included
studies using the QUADAS-2 tool. Each study was eval-
uated across the four key domains: Patient Selection,
Index Test, Reference Standard, and Flow & Timing,
alongside Applicability Concerns. Judgements were cat-
egorised as Low Risk (L), High Risk (H), or Unclear Risk
(U) based on reported methodology. The quality assess-
ment of included studies showed an overall moderate to
high methodological quality, although some variability
exists. Most studies demonstrated low risk of bias in the
index test and reference standard domains due to the use
of validated biomarker assays and established diagnos-
tic criteria such as amyloid PET or clinical frameworks.
However, some studies showed unclear risk in patient
selection and flow and timing domains, largely due to
insufficient reporting of recruitment methods and timing
between tests, which may introduce bias. Applicability
concerns were generally low, suggesting good alignment
with the review objectives.

Findings

Diagnostic accuracy of individual blood-based biomarkers
The included studies show that individual blood-based
biomarkers have different degrees of diagnostics accu-
racy of AD, with some biomarkers more effective than
others. Plasma amyloid-p (AP42/AB40 ratio) demon-
strated moderate-to-high diagnostic accuracy. E.g. Udeh-
Momoh et al. [19]. have reported a range of AUC values
of 0.693-0.753 based on assay platform with sensitivity
and specificity varying between methods with moderate
discriminatory ability found in cognitively intact indi-
viduals. Conversely, Kubota et al. [23]. also found higher
accuracy in AB42/40 (AUC up to 0.937), especially in
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Fig. 1 PRISMA Flow Diagram [13], Demonstrating the Study Selection Process

predicting amyloid PET positivity, indicating better per-
formance in well-characterised cohorts.

Phosphorylated tau biomarkers, especially p-taul81
and p-tau217, showed a high level of diagnostic per-
formance persistently. Gao et al. [20]. found an AUC of
0.839 for detecting amyloid positivity in plasma p-tau,
with even better results in plasma p-tau217 (AUC 0.926),
which means that it is a strong method across popula-
tions. On the same note, NfL. performed well in distin-
guishing between AD and cognitively normal individuals,
with Li et al. [21]. reporting an AUC of 0.791, although its
performance in early-stage detection was weaker.

Glial fibrillary acidic protein (GFAP) also came out as
a potential useful marker, where Gao et al. [20]. reported
an AUC of 0.871, which is better than a number of indi-
vidual biomarkers. Nevertheless, there is inconsistency

between studies with multi-protein panels, including
those designed by Doecke et al. [8]. reporting higher
diagnostic accuracy (AUC up to 0.93) and implying
that single biomarkers are not as effective on their own.
Overall, although single biomarkers, including p-tau and
GFAPD, show strong diagnostic abilities, their effectiveness
is affected by disease stage, assay procedure, and popu-
lation. Tau-related biomarkers appear to demonstrate
more consistent diagnostic performance across studies.

Comparative performance of biomarker combinations and
panels

Across the included studies, the integration of multiple
biomarkers always enhanced greater diagnostic accu-
racy than those of single markers. Doecke et al. [8]. have
shown that a 18-biomarker panel has an AUC of 0.93,
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Table 3 Critical Appraisal Of The Included Studies
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Author and Year Patient Selec- Index Reference Flow & Applicabil- Applicabil- Applicabil- Overall
tion (Riskof  Test (Risk Standard Timing ity Concerns ity Concerns ity Concerns Quality
Bias) of Bias) (Risk of (Risk of (Patient (Index Test) (Reference
Bias) Bias) Selection) Standard)
Doecke et al. 2012 [8] L L u u L L u Moderate
Udeh-Momoh etal. 2022 U L L u L L L Moder-
[19] ate-High
Gao et al. 2023 [20] L L L L L L L High
Lietal 2024 [21] L L U U L L U Moderate
Souchet et al. 2024 [22] U L L u u L L Moderate
Kubota et al. 2025 [23] L L L L L L L High

cognitive impairment (AUCs generally below 0.60),
indicating limitations in early stage discrimination. NfL
was however found to be predictive of future cognitive
decline, which means that it has a value as a prognos-
tic and not diagnostic marker. Also, Souchet et al. [22].
established their biomarker model has a high specificity
of identifying people at risk of developing AD dementia,
even in cognitively impaired communities, suggesting
its use in early intervention strategies. Overall, although
certain biomarkers, like Af42/40 and p-tau, have a high
probability of early detection, they respond differently in
different disease stages. The evidence demonstrates the
possibility of combining biomarkers or using them with
other diagnostic measures in order to make early diagno-
sis reliable.

Variability in diagnostic performance across assay
methods and populations

Significant heterogeneity in diagnostic performance
was found among the studies, which was largely driven
by differences assay techniques, studies population and
methods of analysis. For example, Udeh-Momoh et al.
[19]. found a significant difference in AUC values for
plasma AP42/AB40 across six assay platforms, ranging
from 0.693 to 0.753, indicating the impact of analytical
approaches on diagnosis. Likewise, Kubota et al. [23].
also achieved high diagnostic accuracy with Simoa and
HISCL platforms meaning that more sensitive technolo-
gies can achieve better performance. Conversely, the ear-
lier research like Doecke et al. [8]. used multiplex assays
that, as effective as they are, might not be as precise as
the newer methods.

Variation was also caused by population differences.
Gao et al. [20]. performed a multicenter study in a Chi-
nese cohort and reported good performance of p-tau and
GFAP but Li et al. reported lower diagnostic accuracy, in
a community-based elderly cohort, especially for early
stages of disease. Such variations can show genetic differ-
ences, prevalence of the disease, and clinical phenotypes.
Moreover, some studies differ in the value of cut-offs and
the reference standards, which makes it difficult to com-
pare them directly. There were studies that employed

amyloid PET as the gold standard and some of them
employed clinical diagnosis which may have influenced
reported accuracy. All in all, the results have noted the
necessity of standardisation of assay procedures, diag-
nostic thresholds and study designs to guarantee similar
and comparable findings in various locations.

Influence of assay generation on diagnostic performance
The included studies demonstrated notable differences
in diagnostic performance according to assay generation.
Earlier studies, such as Doecke et al. [8], primarily relied
on multiplex protein panels and conventional immu-
noassay techniques, which provided useful diagnostic
information but were constrained by lower analytical
sensitivity and greater variability in biomarker quantifi-
cation. More recent investigations utilised ultrasensitive
technologies including Single Molecule Array (Simoa),
high-sensitivity chemiluminescent assays, and mass
spectrometry-based platforms. These methods permit
detection of biomarkers at substantially lower concentra-
tions and generally demonstrated improved diagnostic
performance. For example, Kubota et al. [23] and Li et al.
[21] employed ultrasensitive technologies and reported
improved performance of p-tau and AfB-based biomark-
ers. Therefore, improvements in analytical technologies
may partly explain differences in biomarker performance
across studies and highlight the importance of assay
standardisation.

Biomarker concentrations may also vary according to
biological matrix selection, particularly between plasma
and serum samples. Plasma and serum differ in protein
composition and processing characteristics, which may
influence measured concentrations of biomarkers such
as GFAP and NfL. For example, coagulation processes
occurring during serum preparation may alter protein
concentrations and contribute to analytical variability.
Such differences may influence diagnostic thresholds and
complicate direct comparisons across studies. Therefore,
future investigations should consider harmonisation of
sample collection and processing procedures to improve
comparability and reproducibility.
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Clinical utility and implementation potential of blood-
based biomarkers

The studies included in this review all indicate that
blood-based biomarkers could be used in clinical prac-
tice, especially as a cost-effective and more convenient
substitute to current diagnostic tools. Udeh-Momoh
et al. [19]. showed that plasma AP42/AB40 could serve
as a pre-screening instrument in reducing the need for
expensive PET imaging, decreasing clinical trials and
practice expense. Likewise, Souchet et al. [22]. demon-
strated that their biomarker model was able to generate
substantial false positive reduction compared to amyloid
tests alone, increasing the efficacy of patient selection
in clinical trials. This has significant consequences on
the designing of specific treatments. Gao et al. [20]. also
emphasised the possibility of using the combination of
biomarkers and genetic data to increase diagnostic accu-
racy, which supports personalised medicine approaches.
In the meantime, Kubota et al. [23]. opined that plasma
biomarkers might prove to be effective alternatives to
PET imaging, especially where advanced imaging is not
readily accessible.

Despite these benefits, some challenges still exist,
such as differences in assay methods, lack of standard-
ized cut-offs, and absence of validation across many dif-
ferent populations. Also, as Li et al. [21]. state, there are
biomarkers with poor performance at early stages of the
disease, which could limit their application as a stand-
alone diagnostic tool. In sum, blood-based biomarkers
represent a good avenue to scalable, non-invasive and
affordable diagnosis of Alzheimer disease. Nevertheless,
additional validation and standardisation as well as inte-
gration into clinical processes are needed to realize wide
implementation.

Discussion

This systematic review has brought together recent evi-
dence on the diagnostic accuracy of blood-based bio-
markers for early detection of AD, with the results
indicated that phosphorylated tau (p-tau), amyloid-p
ratios (AP42/AB40), NfL, and glial fibrillary acidic pro-
tein (GFAP) are promising but inconsistent in their per-
formance. Across the included studies, p-tau isoforms,
especially p-taul81 and p-tau2l17, demonstrated high-
quality diagnostic accuracy across the studies, which is in
line with large-scale cohort studies like that of Karikari
et al. [7] which is a multicentre diagnostic study under-
taken across European and North American cohorts that
reported high-quality discrimination of AD to other neu-
rodegenerative diseases (AUC > 0.90). Likewise, a pro-
spective cohort study involving the BioFINDER study in
Sweden by Palmqyvist et al. [6], showed that plasma Ap42/
APB4O0 is closely related to amyloid PET status and there-
fore can be used as a screening biomarker. These results
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correspond with that of this current review, especially
those studies which have reported high AUC values for
both AP and tau markers, including Kubota et al. [23] and
Gao et al. [20].

Nevertheless, some disparities were noted in the
performance of some biomarkers, particularly Ap42/
ApB40. Although others were found to have a good diag-
nostic accuracy (e.g., Kubota et al. [23]), others like
Udeh-Momoh et al. [19] found themselves performing
moderately with significant differences between assay
platforms. Such contradiction reflects the findings of the
longitudinal cohort study by Schindler et al. [9] in the
United States, which emphasised that plasma Af ratios
may be used to predict amyloid positivity but their reli-
ability is extremely sensitive to analytical techniques and
patient characteristics. This variability highlights the fact
that there is an urgent gap in the existing evidence base,
i.e. the absence of standardisation in assay methods and
diagnostic limits.

The findings of this review also support the grow-
ing consensus that biomarker combinations outperform
individual markers. These included studies, e.g. Gao et
al. [20] and Souchet et al. [22] showed that the combina-
tion of biomarkers and genetic factors (e.g. APOE geno-
type) can substantially enhance diagnostic accuracy. This
is supported by the finding of Hampel et al. [5], a criti-
cal review of biomarker development, which stated that
multimodal solutions involving biochemical, genetic, and
imaging data will be the most clinically valuable diagnos-
tic instruments. Such combinations however increase
accuracy but can also make things more complex and
expensive which can limit scalability in low-resource
environments.

The other important observation is associated with the
practicality of biomarkers in early and preclinical diag-
nosis. Although While AB42/AB40 and p-tau performed
well in identifying amyloid positivity in cognitively intact
patients, as demonstrated in Kubota et al. [23], other bio-
markers like NfL were reported to have low diagnostic
ability at the early stage of the disease, but could be used
to predict the progression of the disease, as reported by
Li et al. [21]. This difference is justified by Mattsson et al.
[24] longitudinal study carried out in the ADNI cohort,
which discovered that plasma NfL is a marker of neuro-
degeneration, but not of disease-specific pathology. This
implies that the various biomarkers can be used in a com-
plementary fashion throughout the disease spectrum.

Although advances have been made, there are still a
number of methodological limitations. Many included
studies exhibited heterogeneity of study design, popula-
tion characteristics and reference standards, making it
difficult to make a direct comparison and restricting the
generalisability. The same has been expressed in wider
reviews, e.g., Hampel et al. [5], which emphasised that
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harmonised protocols and large-scale validation stud-
ies are required. Moreover, the majority of the research
has been carried out in high-income countries, which
raises doubt on the generalisability to the low- and mid-
dle-income nations where the prevalence of dementia is
very fast rising. An additional concern relates to popula-
tion diversity and health equity. Most diagnostic thresh-
olds reported in existing studies have been developed
predominantly in Caucasian and selected Asian popula-
tions. Genetic differences, APOE genotype distributions,
comorbidity patterns, and environmental exposures may
influence biomarker concentrations and diagnostic per-
formance across populations. Consequently, diagnostic
cut-offs developed in one population may not necessar-
ily demonstrate equivalent performance in other ethnic
groups. This has important implications for clinical appli-
cability and highlights the need for large multicentre
studies involving ethnically diverse populations.

Altogether, this review supports the potential for
blood-based biomarkers as convenient and non-invasive
methods of AD diagnostics, it also supports the necessity
of standardisation, validation, and context-specific imple-
mentation strategies.

These review findings indicate that blood-based bio-
markers, especially p-tau and AP42/AB40, can greatly
revolutionise clinical practice by allowing for early and
less invasive detection of Alzheimer disease. As primary
screening tests, they may help decrease the use of costly
and invasive methods of screening, PET scanning, and
cerebral fluid analysis, and can enhance the accessibility,
particularly where resources are limited. Nevertheless,
due to the inconsistency in the diagnostic performance
and the absence of standardised thresholds, these bio-
markers should currently be used as adjuncts rather than
replacements for established diagnostic methods. Clini-
cians should also put into consideration the patient char-
acteristics and disease stage when interpreting the results
since various biomarkers may be more informative at
various stages of the disease progression.

From a policy perspective, the adoption of blood-based
biomarkers into the healthcare structure would ben-
efit the mass dementia diagnosis and early intervention
strategies. Policy-makers ought to focus on investing in
research infrastructure, standardisation of the assay tech-
niques and preparation of clinical guidelines to use bio-
markers. Also, with the increasing burden of dementia in
the low and middle-income countries, there is a necessity
to guarantee accessibility of these new diagnostic instru-
ments. The regulatory approval, cost-effectiveness analy-
sis, and training of the workforce should be addressed by
policies to help ensure the safe and effective deployment
of biomarker-based diagnostics.

Future research must be dedicated to large, multi-
centre, longitudinal studies to confirm the diagnostic
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accuracy of the blood-based biomarkers in different
populations and different clinical conditions. Standardi-
sation of assay methods, cut-off value and diagnostic
accuracy metrics reporting is also required to enhance
comparability between studies. More research on the
combinations of biomarkers and using them with other
modalities, including digital biomarkers and neuroimag-
ing, is necessary. Also, research should explore the utility
of these biomarkers in predicting disease progression and
response to emerging therapies, as well as their applica-
bility in real-world clinical practice.

Limitations

This systematic review has several methodological limi-
tations that should be considered when interpreting its
finding. First, although a comprehensive search strategy
was used, limited to studies published in English, there
was a possibility of language bias and omission of perti-
nent studies carried out in non-English speaking coun-
tries. Second, peer-reviewed published articles were only
included, which can also lead to publication bias since
the studies that do not find any significant or negative
result are less likely to be published. Third, there was a lot
of heterogeneity amongst the included studies in terms
of study design, characteristics of participants, type of
biomarkers, methods of assays, and reference standards
that limited the ability to conduct a meta-analysis and
required the application of narrative synthesis that may
have added subjectivity to interpretation [17]. Also, not
all studies provided had clear reporting of their meth-
odology especially in areas like flow and timing and
patient selection which could compromise their findings
even with the use of the QUADAS-2 tool [16]. In addi-
tion, the restriction to studies published prior to 2010,
albeit by the necessity to keep up with recent biomarker
technology, could have missed previous basis evidence.
Lastly, inconsistency in diagnostic accuracy measures as
reported across studies and absence of standardised cut-
offs values across studies curtailed direct comparability
and result synthesis. These methodological limitations
emphasise that the findings should be carefully inter-
preted and that standardised reporting should be empha-
sised in future studies of diagnostic accuracy.

Conclusion

This systematic review evaluated the diagnostic accuracy
of blood-based biomarkers for early detection of AD and
demonstrated that biomarkers including p-tau isoforms,
AP42/AB40 ratios, NfL, and GFAP show promising diag-
nostic performance. Among these, p-tau and GFAP con-
sistently demonstrated favourable performance, whereas
AP42/APB40 appeared particularly valuable during early
and preclinical disease stages. Evidence also suggests that
combinations of biomarkers and integration with genetic
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variables such as APOE genotype may improve diag-
nostic accuracy beyond individual markers. However,
substantial heterogeneity in assay techniques, diagnos-
tic thresholds, and study populations continues to limit
comparability and clinical translation. Although blood-
based biomarkers have considerable potential to improve
accessibility and reduce reliance on invasive diagnostic
procedures, further validation across diverse populations
and standardisation of analytical methods are required
before widespread implementation into routine clinical
practice.
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