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Abstract This article presents recommendations, based on the Grading of Recommendations, Assessment,
Development, and Evaluation method, for the clinical application of cerebrospinal fluid (CSF)
amyloid-b1–42, tau, and phosphorylated tau in the diagnostic evaluation of patients with mild
cognitive impairment (MCI). The recommendations were developed by a multidisciplinary working
group and based on the available evidence and consensus from focused group discussions for 1)
prediction of clinical progression to Alzheimer’s disease (AD) dementia, 2) cost-effectiveness, 3)
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interpretation of results, and 4) patient counseling. The working group recommended using CSFAD
biomarkers in the diagnostic workup of MCI patients, after prebiomarker counseling, as an add-on to
clinical evaluation to predict functional decline or conversion to AD dementia and to guide disease
management. Because of insufficient evidence, it was uncertain whether CSFAD biomarkers outper-
form imaging biomarkers. Furthermore, the working group provided recommendations for interpre-
tation of ambiguous CSF biomarker results and for pre- and post-biomarker counseling.
� 2016 The Authors. Published by Elsevier Inc. on behalf of the Alzheimer’s Association. This is an
open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/
4.0/).
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1. Introduction

The neuropathological hallmarks of Alzheimer’s disease
(AD) are neuronal and synaptic degeneration accompanied
by intracellular neurofibrillary tangles comprised hyper-
phosphorylated tau and extracellular plaques comprised am-
yloid-b (Ab1–42) protein [1]. The symptoms of AD develop
insidiously and progress slowly, most commonly starting
with memory impairment followed by deterioration in other
cognitive skills, resulting in progressive dementia with a
gradual loss of ability to perform activities of daily living.

An early diagnosis is crucial for counseling, for planning
treatment and care, and for advance directives. Scientifically,
the possibility of making an early (predementia) diagnosis is
essential for the clinical evaluation of novel, potentially
disease-modifying drugs against AD. The term “mild cogni-
tive impairment” (MCI) is often used to refer patients with
objective cognitive impairment and normal capabilities for
activities of daily living, who do not meet the criteria for de-
mentia [2–4]. MCI is a significant risk factor for dementia
and may in some cases represent the prodromal phase of
AD or other neurodegenerative disorders. Approximately
35% of MCI patients progress to AD dementia within a 3-
year follow-up with an annual conversion rate of 5%–10%
[5]. However, there are many causes of MCI, not all are
related to progressive neurodegenerative disorders. Thus,
diagnosing the underlying etiology is very challenging in
an individual patient with cognitive impairment, and there
is a need for more accurate diagnostic tests to identify
MCI patients in whom AD may be the underlying cause,
early in the course of the disease.

Consequently, international working groups have devel-
oped clinical criteria for the diagnosis of MCI because of
AD, which include the option to improve prognostic accu-
racy, with the use of biomarkers [2,6]. Currently, the most
validated biomarkers for early detection in clinical use
include markers of neuronal injury and of Ab1–42: medial
temporal lobe atrophy (as assessed on magnetic resonance
imaging [MRI]), a characteristic pattern of cerebral glucose
metabolism (as assessed on fluorodeoxyglucose positron
emission tomography [FDG-PET]), amyloid deposition in
the brain (as assessed by amyloid-PET), and lower levels of
Ab1–42 together with elevated levels of tau and phosphory-
lated tau (p-tau) in the cerebrospinal fluid (CSF).

In the diagnostic criteria for MCI because of AD, devel-
oped by the National Institute on Aging and the Alzheimer’s
Association (NIA-AA), a positive Ab biomarker (either by
amyloid-PET or CSF) together with the presence of a
neuronal injury biomarker, such as medial temporal lobe at-
rophy or elevated levels of tau and p-tau in the CSF, indicates
that the MCI syndrome may be because of AD, whereas
negative Ab biomarkers suggest that MCI is unlikely
because of AD [2]. The international working group 2
criteria for prodromal AD are 1) the presence of episodic
memory decline of the hippocampal type as the leading clin-
ical symptom and 2) positive biomarker evidence from
either CSF or imaging that supports the presence of underly-
ing AD pathology [6].

Although brain imaging with MRI, FDG-PET, and am-
yloid PET often require advanced imaging analyses,
which may not be easily accessible everywhere, a lumbar
puncture (LP) may be done in many different clinical set-
tings and CSF samples can, if needed, easily be shipped to
a central laboratory for analysis. Numerous articles,
including large multicenter studies and meta-analyses
and systematic reviews (see Table 1), have confirmed
the predictive value of CSF biomarkers in patients with
MCI. However, there is a need to reach a consensus on
the application of CSF biomarkers in clinical practice
because it currently varies from country to country, and
even from site to site, and because early predementia diag-
nosis of AD is associated with unique clinical challenges
and ethical concerns [17,18].

The aim of this recommendation article was to provide
consensus recommendations on the clinical use of CSF bio-
markers in subjects with MCI using the Grading of Recom-
mendations, Assessment, Development, and Evaluation
(GRADE) method [19–21].

The present recommendations and the corresponding rec-
ommendations for the application of CSF biomarkers in
patients with dementia [22] were developed by Biomarkers
for AD and Parkinson’s disease (BIOMARKAPD), a project
supported by the EU Joint Program—Neurodegenerative
Disease Research (JPND) involving clinicians and re-
searchers from 19 countries with the aim to standardize
the assessment of established and new fluid biomarkers for
AD and PD.
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