
REVIEW ARTICLE

Online clinical tools to support the use of new 
plasma biomarker diagnostic technology in the 
assessment of Alzheimer’s disease: a narrative 
review

Jemma Hazan,1 Kathy Y. Liu,1 Nick C. Fox2,3 and Robert Howard1

Recent advances in new diagnostic technologies for Alzheimer’s disease have improved the speed and precision of diagnosis. However, 
accessing the potential benefits of this technology poses challenges for clinicians, such as deciding whether it is clinically appropriate to 
order a diagnostic test, which specific test or tests to order and how to interpret test results and communicate these to the patient and 
their caregiver. Tools to support decision-making could provide additional structure and information to the clinical assessment pro-
cess. These tools could be accessed online, and such ‘e-tools’ can provide an interactive interface to support patients and clinicians in 
the use of new diagnostic technologies for Alzheimer’s disease. We performed a narrative review of the literature to synthesize infor-
mation available on this research topic. Relevant studies that provide an understanding of how these online tools could be used to 
optimize the clinical utility of diagnostic technology were identified. Based on these, we discuss the ways in which e-tools have 
been used to assist in the diagnosis of Alzheimer’s disease and propose recommendations for future research to aid further 
development.
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Graphical Abstract

The evolution of diagnostic 
technology for Alzheimer’s 
disease
Diagnostic technologies for Alzheimer’s disease have seen 
large advances in the last decade, with extensive research 
in the discovery and validation of new biomarker technol-
ogy. There is an increasing focus on their use in both the 
research and clinical domains, to increase certainty in diag-
nosis, particularly with the advent of potential disease- 
modifying treatments. Such biomarkers can be used to detect 
in vivo pathological hallmarks of Alzheimer’s disease. A 
diagnostic research framework was proposed in 2018 with 
a shift in the definition of Alzheimer’s disease to a biological 
construct.1 Within this, biomarkers are grouped into three 
categories to reflect amyloid deposition, tau pathology, 
and neurodegeneration. The recommendations set out in 
the 2021 International Working Group by Dubois et al. 
in Lancet Neurology provide guidance on incorporating 
Alzheimer’s disease biomarkers to aid in the diagnosis 
of Alzheimer’s disease in clinical practice.2,3 The National 
Institute on Aging and the Alzheimer’s Association’s 
Clinical Guidelines for Alzheimer’s Disease were revised 
in 2023. They recommend that a diagnosis of Alzheimer’s 
disease should be defined biologically and through in vivo 
detection of abnormal biomarkers.4

Neuroimaging using MRI or CT of the brain can provide 
information on the effects of disease, such as patterns of at-
rophy and hippocampal volume loss.5 Newer neuroimaging 
techniques such as amyloid-PET provide the evidence of 
amyloid deposition in the brain.6 Such diagnostic technology 
may reveal disease pathology, which may or may not be clin-
ically apparent at the time of scan. Moreover, such scans 

are relatively costly and scarce, and require intravenous 
radioactive tracers.7-9 Nevertheless, studies have shown 
that amyloid-PET has clinical utility in US community set-
tings with implications for the number of Alzheimer’s disease 
diagnoses made and patient management.9

Cerebrospinal fluid (CSF) biomarkers can be collected via 
lumbar puncture to provide evidence of amyloid or tau path-
ology and neurodegeneration. However, lumbar puncture is 
invasive, requires specialist training and equipment, and is 
not always acceptable to patients.10,11

There has been a drive to develop blood biomarker tech-
nology that can provide equivalent information about CSF, 
and is quick, simple, and cost-effective to deliver. Blood 
biomarkers could ‘democratize’ the access to Alzheimer’s 
disease biomarkers, where most UK memory services do 
not utilize amyloid-PET or CSF technologies.12,13 Frisoni 
et al.14 set out a strategic roadmap in 2017 to aid the system-
atic and coordinated research on new biomarker technology 
with the aim of incorporating them into the clinical setting. 
They described the clinical validation of Alzheimer’s disease 
biomarkers through five phases, first by establishing analyt-
ical validity, and subsequently clinical validity, and clinical 
utility, using an approach adapted from the earlier validation 
of cancer biomarkers. With the advent of disease-modifying 
treatments for Alzheimer’s disease, there will be increasing 
onus on the importance of biomarker technology to confirm 
the presence of amyloid pathology.15

The field is investigating other types of biomarkers, specif-
ically focusing on digital biomarkers that integrate artificial 
intelligence and machine learning.16,17 Although still in the 
developmental stage and less extensively studied compared 
with blood or CSF biomarkers, these digital biomarkers 
are now more in demand. It is important to make the distinc-
tion between such digital biomarkers, which gather data, 
and online support tools that aid in synthesizing and 
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contextualizing biomarker information. These digital bio-
markers are beyond the scope of this narrative review.

Challenges in the use of 
diagnostic technology in 
clinical practice
The translation of dementia diagnosis biomarker research 
into clinical practice involves nuance and complexity. 
While the research sphere offers much information on candi-
date biomarkers and their potential sensitivity and specifi-
city, there is much less focus on how this technology is 
integrated into clinical practice. Furthermore, coupled with 
this potential for greater biomarker access are a number of 
potential diagnostic challenges for clinicians.18,19

First, which diagnostic technology should be used in the 
clinical assessment? The inherent properties of the investiga-
tion may act as barriers to utilization. As mentioned previ-
ously, some are physically invasive and costly. There is 
limited access to specialized tests such as amyloid-PET and 
MRI in the UK with long waiting times for referral.8 In 
a US simulation study, patients waited, on average, for an 
estimated 18 months to commence disease-modifying treat-
ments, because of the limitations in diagnostic capacity and 
the lack of access to amyloid-PET imaging to confirm 
Alzheimer’s disease pathology.20

The patient and carer’s choice is a cornerstone of the diag-
nostic assessment.21 Towards this, the clinician must ascer-
tain how much information they want to receive. Patients 
will need to be provided with information about the benefits 
and risks of available biomarker investigations, so that 
they can make an informed choice.22 The clinician will 
need to feel confident in understanding what these tests can 
tell and what their limitations are, as well as in conveying 
this information using understandable and non-jargonistic 
terms.23 It is essential to understand a patient’s wishes and 
needs when considering whether or not to organize biomark-
er testing, because patients will differ in how they weigh the 
pros and cons of testing.24 These decisions should occur 
through a process of shared decision-making, ensuring that 
it is patient-centred and tailored to each individual.18 Yet, 
in practice, shared decision-making is usually restricted by 
the information provided.18,25

The clinician and patient will also need to consider the num-
ber of diagnostic tests appropriate to order and the patient bur-
den associated with it. For example, a patient may be offered a 
form of neuroimaging alongside a blood biomarker investiga-
tion. While this may provide more information on multiple 
pathological domains, auch as neurodegeneration (CT/MRI 
scan) and amyloid/tau (blood biomarker), this could introduce 
direct conflict between two or more test results, or subject pa-
tients to unnecessary testing.

How does the clinician interpret the biomarker result? 
This is a particularly complex task, even in the research 
space, where blood biomarkers are continuous measures 

but most of them do not have validated cut-off points for 
real-world study populations. Ultra-sensitive assays have 
been developed for the detection of plasma amyloid β path-
ology, e.g. Aβ42/Aβ40 ratio, and tau pathophysiology, e.g. 
plasma phosphorylated tau species.26 One p-tau181 assay 
and several plasma Aβ42/Aβ40 ratio assays have received 
FDA Breakthrough Device Designation in the USA. In 
Europe, several Aβ42/Aβ40 ratio assays have been CE 
marked.27 Plasma neurofilament light (NfL) chain has been 
introduced in a UK clinical laboratory with an established 
reference range.28 A clinician may need to manage a test re-
sult that is unclear or ambiguous.29 Furthermore, currently 
there is no consensus on the best way to present biomarker 
results in a way that is meaningful and accessible to both clin-
icians and patients. The US Alzheimer’s Association recently 
published the appropriate use of recommendations for blood 
biomarkers in Alzheimer’s disease, which includes the need 
to develop tools for the interpretation of results and for com-
municating them to clinicians and patients.26 While the main 
driver for diagnostic investigation is to increase certainty, 
this may not always be the outcome after testing.24

New developments in 
the research field of clinical 
decision tools and training 
to support Alzheimer’s 
disease diagnosis
Computerized clinical decision support systems have been 
developed to enhance and support clinicians in complex 
decision-making processes and are categorized by their abil-
ity to facilitate support in patient communication, clinical 
management decisions or diagnostic support, including the 
interpretation of laboratory results.30

While there are many recommendations on the use of such 
‘e-tools’ to broadly support clinicians in education and train-
ing around biomarker use and communicate this with pa-
tients, there is little specific guidance on how this should be 
achieved.29 There are examples of web-based risk-stratifying 
tools to aid clinician decision-making in other fields of medi-
cine.31,32 However, the use of these tools in the diagnosis of 
Alzheimer’s disease has been less well investigated. Within 
dementia research, the Alzheimer Biomarkers in Daily 
Practice project is one of the most comprehensive studies 
to have addressed this.19,25 This group developed a web- 
based (‘ADappt’) tool for clinicians in the memory clinic, 
which is designed to calculate the personalized risk estimates 
of progression from mild cognitive impairment to dementia, 
to help clinicians interpret biomarker results, communicate 
results with patients and caregivers and engage patients in 
shared decision-making regarding diagnostic testing.19,33

The pilot data reported that usability was high. Clinicians 
found the tool was well integrated and easy to use.
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No previous systematic review has been conducted to ad-
dress this area of research, and few published studies ad-
dressed this. In this narrative review, we will focus on 
salient areas in the implementation of this technology to sup-
port clinicians alongside recommendations for their further 
development.

Online tools could be used to support clinicians and patients 
in a memory clinic setting in the diagnosis of Alzheimer’s dis-
ease in the following ways: 
1. To help clinicians decide which biomarker investigation 

(and any further tests) to order through shared decision- 
making with patients.

2. To support the interpretation of biomarker test results to 
an individual.

3. To calculate an individual’s risk score.
4. To support clinicians in explaining and communicating 

biomarker test results.

A summary table of the available online tools is reported 
in Table 1.

Deciding which biomarker 
investigation to order 
through shared 
decision-making with 
patients
Clinicians need access to up-to-date information on the qual-
ities of individual biomarkers and their potential benefits and 
drawbacks.34 This information can then be distilled and 
discussed with patients. A clinician will often search for 
available information from several sources.35 An online 
tool could provide a pooled resource summary of available 
evidence and information. The ADappt tool contains sum-
marized information on current diagnostic tests available 
in the memory clinic, as well as the test’s purpose, strengths 
and limitations.33,36

Shared decision-making is an approach within which clin-
icians and patients, together with caregivers, share evidence 
and understand and agree with individualized preferences to 
reach a decision when there is more than one option avail-
able.37 Shared decision-making is appropriate in the diag-
nostic assessment of Alzheimer’s disease where more than 
one diagnostic option may be available.19 Shared decision- 
making in the setting of cognitive impairment may be more 
complex and will often require a collaborative approach in-
volving the patient, clinician and another individual, such as 
the next of kin, an individual with Lasting Power of Attorney 
for health or someone in a caregiving role. Decision aids can 
assist in this shared decision-making. However, few are 
available in public access websites.38 Further work is re-
quired to use thee consistent plain language terminology 
for biomarkers when communicating with patients and their 

families.23 Accessing online-constructed example phrases 
may provide a conversation starter for clinicians to involve 
patients in shared decision-making.19

To support the 
interpretation of biomarker 
test results to an individual
Currently, biomarkers in the clinical setting (e.g. blood bio-
markers) do not have validated health disease cut-points.26

Clinicians who are used to having biomarker reference 
ranges for health and disease would need to interpret this re-
sult. Consideration is needed on how to present the result 
data and provide context for interpretation. This could in-
volve calculating potential confounding factors or adjust-
ments that may be necessary, such as weight or renal 
function. In this scenario, an online tool could serve as a 
prompt for the clinician to actively consider these factors 
and perform the required calculations and adjustments.30,39

This result could be plotted on a graph, e.g. using biomarker 
data ranges available from validation cohorts.40 The NfL 
interface for physicians is an online tool in the research set-
ting to aid clinicians in interpreting the plasma NfL levels 
in The Netherlands.41 The clinician enters the patient’s age 
and plasma NfL result. The result is plotted on a figure, 
which shows the result in the context of the percentile NfL 
levels of controls and other diagnoses.

Computerized diagnostic systems have been programmed to 
perform automated tumour grading, electrocardiographic ana-
lysis, and arterial blood gas interpretation.30 Unidimensional 
results are relatively easy for clinicians to interpret and have 
clearly defined decision boundaries. However, the transi-
tion from a normal to an abnormal result is more gradual 
with an Alzheimer’s disease blood biomarker. The clinician 
may also need to hold in mind several parameters that can 
affect the test result interpretation. The parameters may in-
clude several biomarker results that need to be combined, 
such as a patient’s age and another patient-specific factor, 
e.g. renal function. It therefore becomes increasingly diffi-
cult to ‘visualize’ the separation between a normal and an 
abnormal result.42 This is illustrated using a hypothetical 
Alzheimer’s disease biomarker in Fig. 1. This figure illus-
trates just two parameters that need to be considered: age 
and biomarker result.

A pilot study to assess the acceptability of a blood bio-
marker, plasma phosphorylated–tau181 in a UK memory 
service, reported that clinicians wanted access to additional 
online tools to aid in the interpretation of the result.40

This included video information and an interactive website 
with educational elements. Simulated case vignettes with 
multiple-choice biomarker results could provide clinicians 
with active examples of biomarker interpretation and mi-
mic the clinical scenarios they may encounter.43 An e-tool 
could also guide the clinician in the need for further 
investigations.
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To calculate an individual’s 
risk score
Clinician decision support tools can help clinicians in man-
aging the amount and array of available information in the 
diagnostic assessment of Alzheimer’s disease. The healthcare 
setting is sometimes seen as ‘information rich’ but ‘knowl-
edge poor’.44,45 While within healthcare systems there is an 
abundance of available data, analysis methods are required 
to extract pertinent information. Analysis tools can aid clin-
icians in making sense of and extracting meaningful informa-
tion from the data. Some tools can be designed by drawing 
on large datasets, using algorithms to detect patterns, and 

supporting clinician decision-making using risk stratifica-
tion, through novel machine learning.45

Online risk score calculators are available to support clini-
cians in their decision-making in several medical specialties 
and have been successfully integrated into clinical practice. 
The Fracture Risk Assessment Tool is a frequently used frac-
ture risk calculator.46 Adjuvant Online is a tool used in oncol-
ogy to calculate the risk of breast cancer recurrence if patients 
are treated with or without adjuvant therapy.19,32 The 
Q-RISK score and U-Prevent are online tools to calculate ther-
apy benefits related with cardiovascular risk prevention.31,47

Decision aids are available to support clinicians in pre-
scribing antidementia medications (benefit) and antipsycho-
tics (risk of harm) in the UK.48,49 An individual’s risk score is 

Table 1 A summary table of available online tools to support clinicians and patients in a memory clinic setting

Tool Summary of characteristics Strengths Limitations

Information on 
biomarker 
quality

ADappt tool Provides a summary of currently 
available diagnostic tests in the 
memory clinic. Each test is 
summarized with information 
provided on test purpose, pros 
and cons

Interactive and easy to 
understand summaries. High 
usability. Effective design and 
interface

Difficulty in maintaining up-to-date 
information

Decision support 
aids

ADappt tool Provides guidance on how to 
structure a discussion around 
diagnostic testing to facilitate 
shared decision-making

Example phrases are constructed The tool is not integrated within 
electronic medical records

Biomarker test 
interpretation

ADappt tool Summary of the information 
available from each diagnostic 
test, followed by the 
interpretation of the test result. 
Explanation on how the test 
result affects the chance of 
Alzheimer’s disease dementia

Simplified summary of MRI head 
results, e.g. definite atrophy/ 
possible atrophy/no atrophy

Possibility of conflicting test 
results

Plasma 
neurofilament 
light chain 
interface for 
physicians

Online tool. The clinician enters the 
patient’s age and plasma 
neurofilament light chain result. 
The result is plotted on a figure 
that shows the result in the 
context of the percentile 
neurofilament light chain levels of 
controls and other diagnoses

Personalized and interactive tool. 
The summary information 

provided on neurofilament 
light chain and its 
interpretation

Data are not currently available to 
interpret the neurofilament light 
chain level in the context of 
other co-morbidities, e.g. renal 
function or body mass index

Risk score 
calculators

ADappt tool Risk calculation module. Risk score 
calculator to understand an 
individual’s risk of progression 
from mild cognitive impairment to 
Alzheimer’s disease dementia 
based on patient demographics 
and biomarker results

The risk of 1- and 3-year 
progression from mild 
cognitive impairment to 
Alzheimer’s disease dementia 
is provided as a percentage 
score

Clinicians must be appropriately 
trained to provide information 
on risk to patients

Cates Plot A visual decision aid, usually to 
explain the number needed to 
treat when comparing placebo 
with treatment. Available for 
commencing/stopping a 
cholinesterase inhibitor and 
antipsychotic medications in 
dementia

Effective visualization strategy. 
This tool can be used to 
support shared 
decision-making with patients

Requires adequate explanation by 
the clinician to ensure patients 
understand the data presented

Support in 
communicating 
results

ADappt tool Provides a personalized printable 
report sheet with a text 
explanation and their 
investigation results

A clear and concise overview of 
information

Currently unable to provide 
patient’s personalized MRI brain 
image, instead uses a stock 
image
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sometimes depicted using a Cates plot,50 which is a visual de-
cision aid that provides four face categories, via a traffic light 
system, to explain the risk or benefit of an event (usually the 
number needed to treat) when comparing placebo with treat-
ment in 100 people.50-52 These tools and any future online 
calculator for Alzheimer’s disease biomarker results could 
also provide further education and training for clinicians.

A risk score calculator could assist a clinician in a memory 
clinic setting to understand an individual’s risk of progression 
from mild cognitive impairment to Alzheimer’s disease demen-
tia, as illustrated in the ‘ADappt’ tool or alternatively via a com-
posite score to assess an individual’s probability of Alzheimer’s 
disease by drawing information on demographic and biomark-
er data.19,53 As the number of biomarkers increases, there will 
be a growing need for tools that can address differential diagno-
sis in a more nuanced manner. Currently, the most established 
markers identify the presence or absence of Alzheimer’s disease 
amyloid pathology. However, with advancements in research, 
it is anticipated that a wider array of biomarkers may become 
available in the future, providing information for differential 
diagnoses including Alzheimer’s disease, neurodegeneration 
or Lewy body pathology, among others.

Support clinicians in 
explaining and 
communicating biomarker 
test results
There are no current guidelines for communicating Alzheimer’s 
disease biomarker results in a clinic setting.54 There is, 

however, detailed guidance published in research settings for 
explaining amyloid-PET results to individuals who are asymp-
tomatic or have a diagnosis of mild cognitive impairment.55-57

These communication models use standardized language when 
describing the clinical significance of amyloid biomarkers.58

Adjuncts to support clinicians in explaining results could be 
via interactive visual aids such as a traffic light system, where 
green indicates normal, amber intermediate and red abnormal 
biomarker results.19

Patients could be provided with a personalized printable 
report sheet with text explanation and their investigation re-
sults.19 This could include a stock image of, for example, an 
MRI head result or the patient’s personalized image.

Barriers to implementation
There are barriers in the implementation of an e-tool in the 
clinical pathway and its translation from the research setting, 
and there may be difficulty in integrating tools into the exist-
ing workflow.59,60 Clinicians need to be aware of existing 
technology and buy into its use. Any information or data 
will need to be kept up to date and in line with a developing 
field. Separation of any e-tool from existing electronic med-
ical records could create extra work for the clinician and 
a lack of harmony if it does not marry up with the existing 
system. An e-tool that uses existing system data must comply 
with data security standards such as General Data Protection 
Regulation.30 The cost of implementing, integrating and 
maintaining an e-tool must be justified.30 Clinicians have ex-
pressed a distrust of the output from such tools in previous 
studies.61 When piloting the ‘ADappt’ tool in Dutch memory 
services, barriers faced included technical difficulty, being 

Figure 1 Estimating the risk of Alzheimer’s disease with increasing concentration of a hypothetical Alzheimer’s disease 
biomarker by increasing age (years). The black line represents the threshold between the presence or absence of Alzheimer’s disease 
pathology. Alzheimer’s disease pathology risk thresholds are represented by a graduation from green (low risk) to red (high risk).
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blocked by the trust firewall and clinicians not having time 
available to use an additional e-tool in a consultation.19

Clinicians overcame these barriers by using the tool on a dif-
ferent device and using a discrete section of the website, e.g. 
the results page in the clinical discussion.

Conclusion and 
recommendations for future 
directions
Currently, there have been few studies that explore the use 
of online tools to support clinicians in using new diagnostic 
technology for Alzheimer’s disease. Predominantly, the 
published literature has explored the use of an e-tool to 
support clinicians and patients in communicating bio-
marker results and the risk of progression in mild cognitive 
impairment. Further work is needed to develop effective 
e-tools, which must be both acceptable to clinicians, pa-
tients and carers and easily integrated into the local or na-
tional clinical pathway to ensure the feasibility of use. Such 
e-tools should be designed to provide support in key areas 
of Alzheimer’s disease diagnosis: ordering biomarker in-
vestigations, calculating individual risk scores and inter-
pretation and communication of results.
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