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Predicting progression to dementia in persons with mild cognitive
impairment using cerebrospinal fluid markers
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Abstract Background: We aimed to determine the added value of cerebrospinal fluid (CSF) to clinical and
imaging tests to predict progression from mild cognitive impairment (MCI) to any type of dementia.
Methods: The risk of progression to dementia was estimated using two logistic regression models
based on 250 MCI participants: the first included standard clinical measures (demographic, clinical,
and imaging test information) without CSF biomarkers, and the second included standard clinical
measures with CSF biomarkers.
Results: Adding CSF improved predictive accuracy with 0.11 (scale from 0–1). Of all participants,
136 (54%) had a change in risk score of 0.10 or higher (which was considered clinically relevant), of
whom in 101, it was in agreement with their dementia status at follow-up.
Discussion: An individual person’s risk of progression from MCI to dementia can be improved by
relying on CSF biomarkers in addition to recommended clinical and imaging tests for usual care.
� 2017 Published by Elsevier Inc. on behalf of the Alzheimer’s Association.
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1. Introduction

Diagnostic research criteria for Alzheimer’s disease (AD)
have recommended the use of cerebrospinal fluid (CSF) bio-
markers to determine etiology and prognosis in persons with
mild cognitive impairment (MCI) [1–3]. Because the
recommended clinical diagnostic workup already contains
much information to identify the risk of dementia
progression, it is important to estimate the added value of
CSF biomarkers for AD, relative to clinical assessment
and brain imaging.

Previous research [4–10] has indicated the increased
accuracy when using CSF measures in addition to
neuropsychological tests or magnetic resonance imaging
(MRI) atrophy scores to predict progression to AD-type
dementia in persons with MCI. However, their generaliz-
ability to clinical practice was limited for three reasons.
First, most relied on odds ratios, receiver operating charac-
teristic (ROC) curves, and sensitivity and specificity
outcome measures. These measures typically reflect the
performance of a model to test if improvements are signif-
icant and valuable for research purposes [11]. However, it
is difficult to determine whether significant improvements
in such performance indicators are clinically relevant.
Therefore, alternative outcomes measures have been devel-
oped such as the reclassification table or the reclassification
index. These measures distinguish between false-positive
and false-negative outcomes, which likely are differently
weighted in clinical practice [11]. Second, the previous
research limitedly reflected the test information that is
available from the standard usual care diagnostic workup.
Some of the previous research [3,7] did not consider the
degree of cognitive performance on neuropsychological
test results reflecting the degree of cognitive performance
and did not focus on the added value or were mainly for
methodological purposes, respectively. Other previous
research [4,5,9] selected the best model based on
statistical significance omitting information available in
standard practice (such as demographics and
neuropsychological tests). Other previous research [6,8]
only analyzed CSF in addition to neuropsychological test
or CSF in addition to MRI. Omitting information from
the standard diagnostic workup reduces the
generalizability to practice and possibly overestimated
the added value of CSF because nonsignificant measures
could still contribute as covariates to the overall
predictive value of a model when applied in practice.
Third, all previous research focused on progression to
AD-type dementia while progression to other dementia
subtypes is also relevant in clinical practice.

To enable the translation of findings on CSF biomarkers
in the research setting to clinical practice, we approached
CSF biomarkers as a risk factor to predict individual risks
of progression from MCI to any-type dementia in addition
to measures available in usual care diagnostic workup. We
aimed to determine the added clinical value of CSF

biomarkers relative to clinical and imaging tests that are rec-
ommended in usual care, to predict progression to dementia.

2. Methods

2.1. Study participants

We Q3selected participants with MCI who consecutively
attended a memory clinic from a range of cohorts in various
European countries: the DESCRIPA multicenter study [12]
(inclusion between 2003 and 2005, with an additional sam-
ple of participants seen outside the DESCRIPA inclusion
period at one of the sites VUmc center, inclusion between
1998 and 2007 [13]), LEARN multicenter study [14] (inclu-
sion between 2009 and 2011), Ljubljana University Medical
Centre [15] (inclusion between 2011 and 2014), and Karo-
linska University Hospital Huddinge memory clinic [16]
(inclusion between 2007 and 2011).

Eligibility criteria for each cohort separately are described
elsewhere [4,12,14,15,17]. Inclusion criteria for the
present study were new referral to a memory clinic
because of cognitive complaint; age 50 years or older;
baseline diagnosis of MCI; baseline data of CSF markers
of amyloid-b 1–42 (Ab1–42), total tau (t-tau), and
phosphorylated tau (p-tau) levels; and at least one follow-up
measurement with information on progression to dementia;
no diagnosis of a somatic psychiatric or neurological disorder
that might have caused the cognitive impairment at baseline.
We excluded two participants with CSF t-tau values more
than five times the absolute deviation to the median t-tau in
the sample, leaving 250 participants for the analyses.

Local ethical committees approved the studies, and all
participants provided informed consent to use their data.

MCI was either diagnosed by a clinician according to the
criteria as applied in usual practice (Petersen [18] for
LEARN and Ljubljana, and Winblad [19] for Karolinska)
or by a researcher using the criteria by Petersen [18] opera-
tionalized as a score lower than 21.5 standard deviation on
standardized neuropsychological examination results
(DESCRIPA and VUmc sample). Not all persons who as-
sessed the diagnosis were blind for the CSF analyses as
part of the CSF results were used for clinical purposes.

2.2. Clinical measures

Clinical measures were selected when recommended in
clinical guidelines [20] and when available to the authors.
Demographic information included age, gender, and years
of education. Overall cognition was measured by the
Mini–Mental State Examination (MMSE). Memory perfor-
mance was measured by delayed recall of a Word Learning
Test (WLT) (Rey Auditory Verbal Learning Test [RAVLT]
[21] for the Karolinska, LEARN, and VUmc samples; the
California Verbal Learning Test [22] for the Ljubljana sam-
ple; and for the DESCRIPA sample, the RAVLTand CERAD
[23] were key tests). Raw scores were transformed to a
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