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Abstract Current state-of-the-art diagnostic measures of Alzheimer’s disease (AD) are invasive (cerebro-
spinal fluid analysis), expensive (neuroimaging) and time-consuming (neuropsychological assess-
ment) and thus have limited accessibility as frontline screening and diagnostic tools for AD. Thus,
there is an increasing need for additional noninvasive and/or cost-effective tools, allowing identifica-
tion of subjects in the preclinical or early clinical stages of AD who could be suitable for further
cognitive evaluation and dementia diagnostics. Implementation of such tests may facilitate early
and potentially more effective therapeutic and preventative strategies for AD. Before applying
them in clinical practice, these tools should be examined in ongoing large clinical trials. This review
will summarize and highlight the most promising screening tools including neuropsychometric, clin-
ical, blood, and neurophysiological tests.
� 2015 The Alzheimer’s Association. Published by Elsevier Inc. All rights reserved.

Keywords: Alzheimer’s disease; Diagnostic tools; Screening tests; Noninvasive tests; Early detection

1. Introduction

Alzheimer’s disease (AD) is the leading cause of demen-
tia in the elderly, affecting more than 35 million people
worldwide [1]. Aging populations in developed countries

ensure that AD will reach epidemic proportions unless ther-
apies are developed to cure or prevent it [2]. Unfortunately,
to date nearly all “disease-modifying” experimental inter-
ventions for AD have failed to demonstrate clinical benefits
in individuals with symptomatic AD. The most likely expla-
nation for these failures is that the drugs were administered
too late in the course of the AD neuropathological processes
[3]. It is plausible to assume that these therapies will be
more effective when applied before major brain damage
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has occurred which makes the identification of biomarkers
sensitive to preclinical or early clinical stages of AD crucial
[4]. Whether an earlier treatment start in the preclinical
stage of AD is associated with a better outcome is still un-
known and is actually examined in ongoing treatment trials
[3]. These trials include the Dominantly Inherited Alz-
heimer Network Trial (DIAN-TU; ClinicalTrials.gov num-
ber, NCT01760005), Alzheimer’s Prevention Initiative
(NCT01998841), and the Anti-Amyloid Treatment in
Asymptomatic Alzheimer’s Disease study (A4 Study;
NCT02008357). Early-stage identification may also help
to develop new treatments that are more effective at this
stage as it can facilitate monitoring of the response to the
intervention. In addition, a positive early diagnosis gives
the patients and their family the necessary time to under-
stand the disease, to decide on the life and financial burdens
of the disease, and to arrange for the future needs and care of
the patients.

The current state-of-the-art clinical diagnosis of AD re-
quires a specialty clinic and includes a medical examination,
neuropsychological testing, neuroimaging, cerebrospinal
fluid (CSF) analysis and blood examination. This process
is neither time nor cost-effective. Additionally, given the
rapidly aging global population with an expected dramatic
increase of AD cases, there are insufficient numbers of spe-
cialty clinics to meet the growing needs.While CSF and neu-
roimaging markers are gold standards for the in vivo
assessment of the patients, they are invasive and expensive
and, therefore, have limited utility as frontline screening
and diagnostic tools. In addition, prior work has shown
that nonspecialist clinicians are inaccurate at identifying
early AD and mild cognitive impairment (MCI) [5], which
is a major impetus to the search for clinically-useful
screening and diagnostic tools.

Thus, there is an increasing need for additional noninva-
sive and/or cost-effective tools, allowing frontline identifica-
tion of subjects in the preclinical or early clinical stages of
AD. Further examination of patients with conspicuous
noninvasive cognitive and noncognitive measures could be
performed in a next step by established clinical, CSF and/
or neuroimaging analyses in a specialty clinic. The identifi-
cation of methods to predict the risk for developing AD
would be of great value for healthcare systems. Identifica-
tion of AD risk markers could help to identify individuals

who might benefit from early intensive lifestyle consulta-
tions and pharmacological interventions. The relevance of
early diagnosis of AD is supported by recent neuropatholog-
ical, biochemical and neuroimaging findings showing that
biomarkers of AD can be detected in the brains and CSF
of approximately 20% to 30% of cognitively healthy elderly
individuals [6–8].

This review will summarize and highlight the most prom-
ising novel noninvasive and/or inexpensive screening and
diagnostic tools such as neuropsychometric, clinical, blood,
and neurophysiological tests for early detection of AD
beyond the established clinical, CSF and neuroimaging de-
mentia diagnostics.

2. Socioeconomic aspects of dementia diagnostics

While many have argued the need for screening methods
that are accessible and time- and cost-effective, few have
empirically demonstrated this point. To empirically illus-
trate the need for noninvasive and inexpensive screening/
diagnostic tools, we use the U.S. numbers of geriatrician,
neurology, and psychiatry physician providers and available
magnetic resonance imaging (MRI) machines below. In the
United States there were an estimated 7162 physicians certi-
fied in geriatrics in 2011 [9]. This translates to 5585 patients
aged 65 years old and above to be seen per specialist per year
based on 2009 census estimates if all geriatrics were to
receive an annual screening that included cognitive exami-
nation. This is particularly problematic when geriatric spe-
cialists are becoming less and less available [9]. Table 1
outlines the situation for the fields of neurology and psychi-
atry as well.

The situation is worse considering that not all geriatri-
cians, neurologists or psychiatrists are dementia specialists.
Furthermore, psychiatrists and neurologists are aging and
working fewer hours than in the past [10,11], therefore this
is likely a significant overestimation of capacity in that
field. If one considers MRI as frontline screening tool, the
situation does not improve. There are an estimated 11,000
MRI machines within the United States currently [12].
This would mean that each MRI machine should be used
for 3636 US elders with current estimates and for over
6000 US elders by the year 2030, based on projected age
estimates. These numbers assume that all MRI machines

Table 1

US estimates of population age 65 and above for 2009 and 2030 along with estimates of physician availability

Physicians by specialty and MRI

machines in the United States

Number of physicians by specialty

and of MRI machines

Population age .65 years in 2009,

n 5 40 million

Population age .65 years in 2030,

n 5 70 million

Patients per physician Patients per physician

Physicians certified in geriatrics [8] 7162 5585 9773

Neurologists [10] 10,154 3939 6893

Psychiatrists [9] 39,457 1014 1774

MRI machines in the United States [11] 10,000 3636 6364

Abbreviation: MRI, magnetic resonance imaging.
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