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Guidelines for diagnosing Alzheimer’s disease (AD) are 
undergoing the first major changes since they were 
developed 30 years ago. The National Institute on Aging 

(NIA) and the Alzheimer’s Association (AA) have established 
workgroups to revise guidelines that were written in 1984.1 

One of the major changes to these new guidelines is men-
tion of research on biomarkers for diagnosing and monitoring 
progression of dementia in AD. This is an exciting and pro-
vocative development, but the questions practitioners who 
diagnose and treat AD should be asking are whether such 
biomarkers have utility in clinical practice today, or whether 
their application is a distant promise of continuing research.

Principles put forward in the guidelines
The new AD guidelines set forth in 3 major papers by the 
workgroups created by the NIA and AA include a change 
in nomenclature of AD.2 The workgroups have sought to 
define AD with specific stages that include:

•	a	preclinical/prodromal	phase,	in	which	the	pathophysi-
ology responsible for future cognitive changes is ongoing but 
lacks clinical manifestations3

•	mild	 cognitive	 impairment,	 now	 considered	 a	 distinct	
entity from dementia and diagnosed when a person has early 
signs of AD; manifestations of impaired cognition in early dis-
ease are not significant enough to affect daily functioning.4 

These newly formulated stages of AD rely on clinical judg-
ment, and AD remains a clinical diagnosis. However, the new 
diagnostic guidelines include the use of biomarkers to mea-
sure disease progression.

AD remains a clinical diagnosis, but 
research might change that with 
specific tests for risk and disease
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Biomarkers of normal biologic 
function and pathology
The Biomarkers Definitions Working 
Group defines a biomarker as:

 … a characteristic that is objectively 
measured and evaluated as an indica-
tor of normal biologic processes, patho-
genic processes, or pharmacologic 
responses to a therapeutic intervention.5

These characteristics include imaging 
studies and body fluids, such as serum and 
cerebrospinal fluid (CSF). 

In AD, biomarkers are meant to mea-
sure the pathogenic processes of:

•	 	accumulation	and	deposition	of	amy-
loid β protein (Aβ42) plaques

•	 	neuronal	 degeneration	 characterized	
by an increase in phosphorylated tau 
protein and neurofibrillary tangles.6 

The purpose of these biomarkers is to 
identify ongoing disease and help the cli-
nician stage patients who display a spec-
trum of symptoms.

Four classes of biomarkers (Table7) have 
been identified for use in the diagnosis of, 
and research on, AD:

•	neuroimaging
•	CSF
•	 serum
•	genetic	markers.

Neuroimaging
The basic purpose of CT and MRI of the head 
in the workup of cognitive impairment is to 
rule out a lesion in the brain, such as a tumor 
or hemorrhage, as the cause of, or contribu-
tor to, the impairment. Several neuroimag-
ing studies are available to aid in diagnosing 
AD and distinguishing it from other causes 
of dementia, including: 

•	 	Fludeoxyglucose	 (FDG)	 positron- 
emission tomography (PET) scanning

•	MRI
•	 Florbetapir	F	18	Injection	for	PET.	

FDG PET identifies areas of the brain in 
which glucose metabolism is decreased. 
This finding is thought to represent syn-
aptic dysfunction.8 The true clinical utility 
of FDG PET appears to be as an aid in dis-
tinguishing cases of AD from frontotem-
poral dementia, by identifying regions of 
metabolic dysfunction.9 (Note: Medicare 
will reimburse for FDG PET only if 1) the 
patient has met diagnostic criteria for both 
AD and frontotemporal dementia for at 
least 6 months and 2) the cause of symp-
toms is uncertain.10)

FDG PET also can be useful in patients 
with mild cognitive impairment by identi-
fying hypometabolism in the temporal and 
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Table

What are the potential biomarkers of Alzheimer’s disease?
Class Biomarker Proposed characteristic

Neuroimaging Fludeoxyglucose (with 
PET)

Reveals areas of diminished glucose metabolism in the 
brain

MRI Measures hippocampal atrophy and cortical thinning

Florbetapir F 18 Injection 
(with PET)

Binds to amyloid β plaques in the brain

CSF markers Aβ42 protein Low levels, as the Aβ42 protein is deposited in the brain

T-tau Associated with neurodegeneration

P-tau Associated with neurodegeneration and neurofibrillary 
tangles

Serum marker Aβ42 Proposed as a correlate of CSF measurement to 
demonstrate increased deposition of Aβ42 in the brain 
and less deposition in the periphery; correlation is poor

Genetic  
markers

Amyloid precursor protein 
Presenilin-1 
Presenilin-2

Implicated in autosomal-dominant (early-onset) AD

Apolipoprotein 4-β4 Allele associated with an increased risk of AD

Aβ42: amyloid β protein; AD: Alzheimer’s disease; CSF: cerebrospinal fluid; PET: positron-emission tomography

Source: Reference 7
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parietal regions of the brain years before clin-
ical AD develops.

In addition to FDG, 2 other imag-
ing probes—Pittsburgh compound and 
2-(1-{6-[(2-[fluorine-18]fluoroethyl)(methyl)
amino]-2-naphthyl}-ethylidene) malononi-
trile (more commonly, FDDNP)—have been 
used with PET as research tools to demon-
strate evidence of AD.11

MRI has been used to measure hippocampal 
atrophy and cortical thinning that occurs as 
a patient progresses from normal cognitive 
function or mild cognitive impairment to 
full dementia.5 The degree of atrophy has not 
been well correlated with the degree of func-
tional impairment. 

Florbetapir F 18 Injection was approved by 
the FDA in October 2013, under the brand 
name AMYViD, for measuring the quan-
tity of Aβ42 deposition in the brain. When 
injected, this radiopharmaceutical binds to 
Aβ42 and can be detected on PET.12 Use cri-
teria for AMYViD PET recently were devel-
oped13; the technique is indicated as an 
additional diagnostic tool for ruling out AD.

A negative AMYViD scan indicates sparse 
or no Aβ42 plaques, and is inconsistent with 
AD. However, a positive AMYViD scan 
does not establish a diagnosis of AD or other 
cognitive disorder.14 This lack of specificity 
decreases the potential utility of the scan in 
clinical practice.

Use of AMYViD PET in general practice 
also is constrained by cost, which varies by 
location, based on the fee for the PET scan 
($1,000 to $3,000)15; to that, add the cost of 
a dose of AMYViD ($1,600, wholesale).16 
The technique is not reimbursable, and 
the total out-of-pocket expense can be as 
much as $5,000—making an AMYViD PET 
prohibitive.

Cerebrospinal fluid markers
CSF biomarkers used in the evaluation of AD 
are Aβ42, t-tau protein, and p-tau protein.6,17 
It is generally thought that the level of Aβ42 
in CSF decreases in AD—indicative of Aβ42 
being deposited in the brain.8 Tau proteins 
are elevated in CSF as neurons are destroyed. 
P-tau is associated with the neurofibrillary 

tangles of AD; its presence in CSF is thought 
to represent an increase in those tangles. The 
combination of a low level of Aβ42 and an 
elevated level of p-tau in CSF is considered 
the signature CSF biomarker of AD.6

Serum markers
The search for reliable serum biomarkers of 
AD is the area of greatest research interest 
because a blood test is a less invasive form 
of screening. Regrettably, the utility of serum 
biomarkers for clinical practice has not been 
established. 

Aβ42 can be measured in serum, but levels 
do not correlate well with CSF levels.18 Other 
serum markers that have been evaluated 
for clinical utility include measures of lipid 
metabolism, oxidation, and inflammation. 
With none of these is there clear correlation 
between the level of protein and AD.18

Fourth front: Genetics
Several alleles are associated with AD. 
Mutations in amyloid precursor protein, 
presenilin 1, and presenilin 2 have been 
shown to cause a change in the process-
ing of Aβ42 and thus lead to AD.19 These 
mutations are inherited in an autosomal- 
dominant fashion and are detected in early-
onset (age <65) AD.

Mutations in apolipoprotein 4-β4 also has 
been the subject of much research; this allele 
usually is associated with increased risk of 
the more common, later-onset AD.20 Some 
evidence suggests that apolipoprotein 4-β4 
carriers who develop AD might be at risk of 
earlier onset of symptoms, compared to non-
carriers,21 but the clinical significance of that 
increased risk has not been established.

What utility do biomarkers have?
As we said at the beginning of this article, the 
question that clinicians should be asking is: 
“What is the current clinical utility of these 
sophisticated biomarkers and genetic testing?” 

The answer is “little utility.” Diagnosing 
AD is a clinical enterprise, with, as we’ve out-
lined, specific and narrow exceptions. 

Recently, researchers demonstrated bio-
marker evidence of AD before symptom onset 
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in patients who have known autosomal-
dominant gene mutations for AD.19 There is 
no evidence, however, that these biomarkers 
are useful for screening the general popula-
tion to identify people who 1) are at risk of, or 
who have, AD and 2) do not have AD.

That being said, CSF and imaging bio-
markers of AD are being used in clinical 
settings in some European countries to aid 
investigation of cognitive decline.

In conclusion
Here are key points to take away from this 
discussion of biomarkers of AD:

•	The	utility	of	these	biomarkers	today	is	
in research—although some of them might, 
on occasion, be useful to distinguish demen-
tia caused by AD from other dementias.

•	The	 ultimate	 goal	 of	 research	 is	 to	
uncover a serum biomarker that can iden-
tify	patients	 in	 the	preclinical/prodromal	
stage of AD, so that disease-modifying 
therapies and preventive measures can be 
initiated before symptoms manifest.

•	Science	 is	 a	 long	 way	 from	 making	
this goal a reality, but recent changes in the 
diagnostic criteria for AD will encourage 
research in this area of study.
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Bottom Line
Researchers are working to uncover biomarkers that will identify patients in the 
preclinical or prodromal stage of Alzheimer’s disease, but diagnosis remains clinical. 
Recent changes to diagnostic criteria will encourage research in this area. 
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