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Abstract.
Background: The National Institute of Aging and Alzheimer’s Association’s diagnostic recommendations for preclinical
Alzheimer’s disease (AD) and mild cognitive impairment (MCI) define AD by pathological processes which can be detected by
biomarkers. These criteria were established as part of a research framework intended for research purposes but progressively
enter the clinical practice.
Objective: We investigated the availability, frequency of use, interpretation, and therapeutic implications of biomarkers for
the etiologic diagnosis and prognosis in MCI and subjective cognitive decline (SCD) in routine clinical care.
Methods: We conducted a cross-sectional questionnaire survey among 215 expert dementia centers (hospitals and memory
clinics) in Germany.
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Results: From the 98 centers (45.6% of contacted centers) included, two-thirds reported use of the cerebrospinal fluid (CSF)
biomarkers A�42, tau, and phospho-tau in the diagnostic workup of MCI and one third in SCD. CSF biomarker analysis
was more often employed by neurological (MCI 84%; SCD 42%) compared to psychiatric institutions (MCI 61%; SCD
33%; p ≤ 0.001). Although dementia experts disagreed on the risk of progression associated with different CSF biomarker
constellations, CSF biomarker results guided therapeutic decisions: ∼40% of responders reported to initiate cholinesterase
inhibitor therapy in MCI and 18% in SCD (p = 0.006), given that all CSF biomarkers were in the pathological range.
Conclusion: Considering the vast heterogeneity among dementia expert centers in use of CSF biomarker analysis, inter-
pretation of results, and therapeutic consequences, a standardization of biomarker-based diagnosis practice in pre-dementia
stages is needed.

Keywords: Alzheimer’s disease, biomarker, mild cognitive impairment, prediction, questionnaires, subjective cognitive
decline, surveys

INTRODUCTION

Alzheimer’s disease (AD) pathology starts many
years before clinical symptoms evolve [1]. This
has directed research efforts toward biomarker-based
concepts to identify affected persons already in the
preclinical disease stages, i.e., prior to onset of cog-
nitive symptoms. The International Working Group
(IWG) and National Institute of Aging-Alzheimer’s
Association (NIA-AA) criteria from 2011 and espe-
cially their 2018 update define and stage AD as a
disease continuum from an asymptomatic preclini-
cal stage, followed by a prodromal or mild cognitive
impairment (MCI) stage to manifest dementia [2, 3].
The NIA-AA criteria distinguish three stages of pre-
clinical AD where stage three is characterized by
subtle cognitive decline. MCI is defined by objec-
tive memory deficits which do not fulfill the criteria
of dementia.

The NIA-AA criteria allow an etiological diagno-
sis of AD already in the preclinical and prodromal
disease stages, based on the presence of biomark-
ers. Amyloid biomarkers (A) include decreased
cerebrospinal fluid (CSF) A�42 levels or increased
retention of amyloid positron emission tomography
(amyloid PET) tracers in the brain. Neurodegen-
eration markers (N) are less disease-specific and
comprise increased CSF tau levels, mediotemporal
brain atrophy in cranial magnetic resonance imag-
ing (cMRI), and temporoparietal hypometabolism
in fluodeoxyglucose positron emission tomogra-
phy (FDG-PET). The recent update also includes
increased phospho-tau CSF levels (T) as a spe-
cific marker of AD-associated tau pathology [3].
The A/T/N classification summarizes the status
of amyloid (A), tau (T) and neurodegeneration
(N) biomarkers, e.g., a person with positive amy-
loid biomarkers, either by CSF or PET in the
absence of markers for tau pathology and neu-

rodegeneration markers would be classified as
A + /T-/N-.

Subjective cognitive decline (SCD) describes a
self-reported memory decline in the absence of
objective memory deficits exceeding subtle cognitive
impairment. It is associated with a higher proba-
bility of progression toward cognitive deterioration
[4–6]. In the presence of AD biomarkers, SCD can
be classified according to NIA-AA 2011 criteria [7] as
preclinical AD stage two in the absence and as stage
three in the presence of subtle cognitive impairment
[8].

The probability of progression from SCD or
MCI toward AD dementia is an important question
for affected individuals in clinical practice. Impor-
tantly, the NIA-AA guidelines for preclinical AD
were designed to provide a common framework for
research purposes and their use outside of a research
context, e.g., in routine clinical care, is not recom-
mended. NIA-AA guidelines state that in MCI, a
biomarker-aided diagnosis is primarily indicated to
support patient stratification for clinical intervention
trials. In clinical practice, biomarkers may contribute
to an increase in the level of certainty for a diagnosis
of MCI due to AD pathology [1]. However, a concern
for a risk of misuse was expressed by the workgroups
as well as the need for validation of the biomarker
criteria in longitudinal cohorts, standardization of
sample acquisition, analysis methods, cut-off values
and comparison of the different individual or com-
bined biomarkers of each category prior to their broad
application in the routine clinical setting.

Despite this concern, biomarker-aided diagnosis
has already been implemented into the clinical diag-
nostic workup of patients with MCI and SCD [9].
However, there is still a lack of empirical research
on the use of biomarkers in actual clinical practice
within and between different professional, institu-
tional, and national settings. In a survey, addressed at
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215 specialized hospitals and memory clinics in Ger-
many, we aimed to investigate availability, frequency,
interpretation of results, perceived uncertainty of
biomarker-based prediction, and impact on therapy
decisions of biomarker-aided diagnosis of AD pathol-
ogy in SCD and MCI. Due to demographic aging,
late-onset dementia is a prominent topic in public and
political debates in Germany and the country is an
important site for neuroscientific dementia research.
Yet, there is no national dementia strategy in Ger-
many nor is there an official guideline for the use of
biomarkers in SCD and MCI in clinical practice.

MATERIALS AND METHODS

Questionnaire

The questionnaire for this cross-sectional survey
has recently been described in detail [10] (see Sup-
plementary Material for an English and German
version). In short, it was composed using EvaSysTM,
a web-based, automated software, and comprises
quantitative as well as qualitative items. Overall, it
contains 37 predominantly closed questions (mainly
nominal or ordinal scales) attributable to five top-
ics: 1) sociodemographics and center characteristics,
clinical practice of 2) diagnostic procedures for
SCD and MCI, 3) patient information and con-
sent to biomarker-based diagnostics, 4) interpretation
and disclosure of biomarker results, 5) impact of
biomarker results on treatment decisions, and 6) eth-
ical implications of predictive testing. In some cases,
free response sections allowed explaining opinions
in more detail. The questionnaire was pre-tested
by seven dementia experts from two different med-
ical institutions. Of note, these experts were not
participating in the survey later. A comprehensive
evaluation of professionals’ attitudes toward ethical
and legal aspects of predictive testing and early detec-
tion as well as of future demands obtained in this
survey was reported previously [10].

Study procedure

The local ethics committee was informed about
the survey. Due to its nature (survey on pro-
fessional/institutional practice without individual
patient data), an ethical approval was not required.

Potential participants were identified in a web-
based databank search, using among others databases
provided by the German Alzheimer Society and the
German Federal Ministry of Family Affairs. 215

expert dementia centers from all 16 German federal
states were identified and the questionnaire was sent
to all 215 centers by letter. The centers were dis-
tributed across Germany and included urban and rural
areas, university and non-university centers, psychi-
atric, neurological, and geriatric institutions, and out-
and in-patient clinics. These center characteristics
were asked for in the questionnaire to analyze their
potential impact on clinical routines.

All specialized dementia centers were localized in
hospitals. No resident physicians or private practices
were included in the survey since patients with SCD
and MCI are usually referred to specialized demen-
tia centers for further testing as recommended by the
S3 dementia guidelines in Germany [11]. The survey
was specifically addressed to the head of the center
or memory clinic who was asked to answer the sur-
vey with regard to the common practice conventions
in their institution. No monetary or other incentives
were offered. Response and return of the question-
naire were anonymous except for postal code. Data
collection took place between February and October
2015.

Statistical analysis

Data processing was performed semi-
automatically (manual correction of non-recorded
or incorrectly recorded data by EvaSysTM, manual
input of free response sections). Items were nomi-
nally or ordinally scaled in most cases and presented
descriptively in terms of frequency or percentage dis-
tribution. For comparisons of variables/frequencies
between different types of institutions or between
the categories SCD and MCI, χ2-tests for categorical
variables were performed, whenever applicable.
In the case that analyses were based on specific
diagnostic procedures, only centers were considered
which had access to or provided these procedures. All
statistical analyses were two-sided with significance
levels set to p = 0.05 and carried out using SPSS
Statistics 24.0.

RESULTS

Sample

Of the 215 centers contacted, 108 returned the
completed questionnaire (response rate of 50.2%),
8 (3.7%) explicitly refused participation, and 99
(46.0%) did not respond (see Supplementary Fig-
ure 1 for geographic distribution of contacted centers
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Table 1
Descriptive data of respondents and participating centers (N = 98)

Respondents characteristics Center characteristics

Gender Type of institution
Male:female:n/a 67:28:03 Psychiatric departments 79 (80.6%)

(68.4:28.6:3.1%) Neurological departments 19 (19.4%)
Age

25–29 y 02 (02.0%)
30–39 y 16 (16.3%)
40–49 y 44 (44.9%) University centers 36 (36.7%)
50–59 y 27 (27.6%) Specialized hospitals 62 (63.3%)
≥60 y 07 (07.1%)
n/a 02 (02.0%)

Position
Head of department 30 (30.6%) Dementia research centers 43 (43.9%)
Senior physician 44 (44.9%) Type of research:*
Assistant physician 11 (11.2%) Clinical studies 28 (65.1%)
Others 11 (11.2%) Biomarkers 28 (65.1%)
n/a 02 (02.0%) Neuropsychology 26 (60.5%)

Practice years Imaging 25 (58.1%)
0–5 y 08 (08.2%) Health services 22 (51.2%)
6–10 y 18 (18.4%) Genetic 12 (27.9%)
11–15 y 27 (27.6%) Basic 07 (16.3%)
16–20 y 20 (20.4%) Sociology 01 (02.3%)
>20 y 17 (17.3%) Medical ethics 01 (02.3%)
n/a 08 (08.2%) No dementia research 55 (56.1%)

n/a, not available. *adds up to n > 98 (>100%) due to multiple choice options.

(Supplementary Figure 1A) and response rates (Sup-
plementary Figure 1B) in the different federal states).
All of the 108 questionnaires were filled out com-
pletely (no missing data) with the exception of two
centers for which no information on specialization
was provided.

The majority of responding centers was special-
ized in psychiatry (73.1%) followed by neurology
(17.6%) and geriatric/internal medicine (7.4%). The
latter group (n = 8) as well as centers without infor-
mation on specialization (n = 2) were excluded from
further analyses due to the sample size which was
too small for between-center comparisons. There-
fore, only the questionnaires of 98 centers (45.6%
of all contacted centers) were included in the analy-
sis. Sociodemographic information of the final study
sample and center characteristics are presented in
Table 1. Of the participating centers, 63.3% belonged
to non-academic institutions (n = 63) and 36.7% to
university hospitals (n = 36). Dementia research was
pursued in 43.9% of all centers with a research focus
on clinical (65.1%), biomarker (65.1%), neuropsy-
chology (60.5%), imaging (58.1%), and health care
research (51.2%).

Availability of diagnostic methods

Participating centers had access to the following
diagnostic methods either in-house or by referral

to specialists (Supplementary Figure 2): analysis
of blood parameters (100%), neuropsychological
assessments (screening tests, e.g., Mini-Mental
State Examination (MMSE): 100%, cognitive test-
ing with the Consortium to Establish a Registry
for Alzheimer’s Disease [CERAD]–plus: 98%,
in-depth neuropsychological assessment: 93.9%),
cranial computer tomography (cCT: 99%), cranial
MRI (cMRI: 96.9%), FDG PET scan (82.7%), MRI
volumetry (70.4%), amyloid PET scan (64.3%), lum-
bar puncture/biomarker analysis (100%).

Diagnostic procedures for MCI and SCD in
memory clinics and specialized dementia centers

Assessment of patients with MCI and SCD (in
those centers where the method was available or
accessible; Fig. 1) included analysis of blood param-
eters (MCI 92.9%, SCD 85.7%), cognitive scales
(screening tests: MCI 89.8%, SCD 89.8%; CERAD
test battery: MCI 87.5%, SCD 68.8%; in-depth neu-
ropsychological assessment: MCI 88%, SCD 89.1%),
cMRI (MCI 88.4%, SCD 78.9%), cCT (MCI 45.4%,
SCD 29.9%), MR volumetry (MCI 8.7%, SCD 5.8%),
FDG PET (MCI 7.4%, SCD 4.9%), and lumbar punc-
ture with subsequent CSF biomarker analysis (65.3%
in MCI versus 34.7% in SCD).

Significant differences in the diagnostic work-up
of MCI and SCD were detected for the frequency of
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Fig. 1. Differences in the diagnostic workup of MCI versus SCD. Centers more often perform lumbar puncture (p < 0.001), the CERAD-plus
test battery (p = 0.002), and cCT (p = 0.026) during the diagnostic workup of MCI compared to SCD. cCT, cranial computer tomography;
cMRI, cranial magnetic resonance imaging; FDG PET, fluodeoxyglucose positron emission tomography; MMSE, Mini-Mental Status
Examination, CERAD, Consortium to Establish a Registry for Alzheimer’s Disease

cCT (p = 0.026), the CERAD test battery (p = 0.002),
and lumbar puncture (p < 0.001; Fig. 1; Table 2).

In general, lumbar puncture was more frequently
performed for the diagnostic work-up of MCI com-
pared to SCD regardless of the type of institution
(Table 2). Neurological centers more often performed
diagnostic lumbar puncture compared to psychiatric
centers (84.2% versus 60.8%; p = 0.054; Table 3).

Criteria for offering lumbar puncture and CSF
biomarker assessment

We next asked which criteria usually guide the
decision to offer lumbar puncture and CSF biomarker
analysis in MCI and SCD (Fig. 2a). CSF biomarker
analysis is currently the only broadly available test
for amyloid positivity because amyloid PET is not
covered by the public German health care system,
including differential diagnostic purposes. In most
cases, lumbar puncture was considered important
for differential diagnosis in the case of abnormal
MRI findings (MCI 71.4%, SCD 69.4% of all
centers) or to exclude neuroinflammatory or para-
neoplastic diseases (MCI 79.6%, SCD 72.4% of all
centers). Centers also offer CSF biomarker analysis

on patients’ or relatives’ request (MCI 65.3%, SCD
54.1% of all centers) or in the case of a family his-
tory of dementia (MCI 51.0%, SCD 42.9% of all
centers). Given the diagnosis of MCI, 54.1% of the
participating centers offer CSF biomarker analysis
for detection of AD pathology and 33.7% in the case
of SCD (p = 0.004).

Criteria not to offer CSF biomarker analysis
(Fig. 2b) included the notion that neither negative
nor positive AD biomarkers would allow a reliable
prognosis on subsequent progression of SCD or MCI
to AD dementia (MCI 27.6% versus SCD 45.9%;
p = 0.008), the lack of therapeutic consequences if
biomarkers would be positive (MCI 44.9%; SCD
60.2%; p = 0.032) and potential complications of
lumbar puncture (MCI 27.6% versus SCD 30.6%;
n.s.). The uncertainty of CSF AD biomarker-based
prognosis as a reason not to offer lumbar puncture
was given significantly less often for the diagnostic
work-up of MCI compared to SCD in neurological
centers (MCI 10.5% versus SCD 47.4%; p = 0.012),
university centers (MCI 16.7% versus SCD 50.0%;
p = 0.003), and dementia research centers (MCI
20.9% versus SCD 51.2%, p = 0.004).
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Table 2
Rate of diagnostic lumbar puncture for MCI versus SCD within centers (N = 98)

MCI SCD p

All centers (N = 98) 64 (65.3%) 34 (34.7%) <0.001***
Neurological centers (n = 19) 16 (84.2%) 8 (42.1%) 0.007**
Psychiatric centers (n = 79) 48 (60.8%) 26 (32.9%) <0.001***
Academic centers (n = 36) 27 (75.0%) 13 (36.1%) 0.001***
Non-academic centers (n = 62) 37 (59.7%) 21 (33.9%) 0.004**
Centers with dementia research c (n = 43) 31 (72.1%) 15 (34.9%) 0.001***
Centers without dementia research (n = 55) 33 (60.0%) 19 (34.5%) 0.008**

Frequency presented as absolute numbers and percentages (%). *p ≤ 0.05, **p ≤ 0.01, ***p ≤ 0.001.

Table 3
Rate of diagnostic lumbar puncture for MCI and SCD: Between-centers comparisons (N = 98)

Frequency of p
diagnostic lumbar

puncture

MCI Neurological versus psychiatric centers 84.2% versus 60.8% 0.054
Academic versus non-academic centers 75.0% versus 59.7% 0.124
Centers with versus centers without dementia research 72.1% versus 60.0% 0.212

SCD Neurological versus psychiatric centers 42.1% versus 32.9% 0.450
Academic versus non-academic centers 36.1% versus 33.9% 0.822
Centers with versus centers without dementia research 34.9% versus 34.5% 0.972

Frequency presented as percentages (%). *p ≤ 0.05, **p ≤ 0.01, ***p ≤ 0.001.

Fig. 2. a) Reasons to offer lumbar puncture during the diagnostic evaluation of MCI and SCD. Participating centers offer lumbar puncture to
detect AD pathology (“diagnostic value”) more often in MCI compared to SCD (p = 0.004). b) Criteria for not offering lumbar puncture for
etiological diagnosis of MCI and SCD. Percentage of centers that do not offer lumbar puncture due to its “uncertain diagnostic value” (MCI
versus SCD, p = 0.008), and the “absence of therapeutic consequences” (MCI versus SCD, p = 0.032). MRI, magnetic resonance imaging;
LP, lumbar puncture.

In MCI, the lack of therapeutic consequences
guided the decision not to offer lumbar puncture
more often in non-university (53.2%) compared
to university centers (30.6%; p = 0.03). For SCD,

the different institutional types did not dif-
fer regarding their criteria not to offer CSF
biomarker analysis (all between-center comparisons
n.s.).
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Fig. 3. Interpretation of CSF biomarker results. Estimated risk of progression from MCI or SCD to AD dementia (a) when all CSF
biomarkers were in the pathological range (A + T+N+; p = 0.016) (b) when all CSF biomarkers were within the normal range (A-T-N-; n.s.).
CSF, cerebrospinal fluid.

Interpretation of CSF biomarker results

We next wanted to explore to what extent CSF
biomarkers contribute to the experts’ confidence
regarding prognosis in MCI and SCD. Participating
centers were first asked for their etiologic inter-
pretation of different CSF biomarker constellations,
including 1) A�42, phospho-tau and tau within the
normal range (A-T-N-), 2) A�42 in the pathologi-
cal range, phospho-tau and tau normal (A + T-N-),
3) A�42 normal, pathological values for phospho-tau
and tau (A-T + N+), and 4) A�42, phospho-tau and
tau all in the pathological range (A + T + N+; Fig. 3).
For each of the four different biomarker constella-
tions, centers were asked for their estimation of the
five-year progression risk from either SCD or MCI
to AD dementia.

Possible answers were (i) no increased risk, (ii)
low, (iii) high, (iv) extremely high risk and (v) “do
not know”. In MCI (Fig. 3), 23.5% selected “do
not know” if all CSF biomarkers were negative (A-
T-N-) and 12.2% if all biomarkers were positive
(A + T + N+). 50% rated the risk of progression from

MCI to AD dementia as extremely high, 31.6% as
high, and 6.1% as low if all CSF biomarkers were
pathological (A + T + N+; Fig. 3a). When all CSF
biomarkers were in the normal range (A-T-N-), MCI
progression to AD was estimated to be high by 3.1%
of participating centers, to be low by 18.4%, and to
constitute no increased risk in 55.1% (Fig. 3b). Cen-
ters attributed an extremely high (6.1%) or high risk
(42.9%) to normal CSF A�42 with pathological tau
and phospho-tau (A-T + N+), whereas 45.9% associ-
ated a low risk of progression to abnormal A�42 in the
absence of pathological tau or phospho-tau markers
(A + T-N-).

Centers were additionally asked for their risk esti-
mation for SCD progression to AD dementia (Fig. 3).
In the case that all CSF biomarkers were in the patho-
logical range (A + T + N+), 17.3% of centers chose
“do not know” the risk, whereas 28.6% estimated
the risk of progression from SCD to AD demen-
tia as extremely high, 40.8% as high and 13.3% as
low (Fig. 3a). With all CSF biomarkers in the nor-
mal range (A-T-N-), 28.6% of centers chose “do
not know” the risk of progression to AD demen-
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tia, 11.2% estimated the risk as low and 60.2% as
not increased (Fig. 3b). Pathological CSF tau and
phospho-tau together with normal A�42 levels (A-
T + N+) was linked with an extremely high risk of
progression to AD dementia by 4.1% and with a high
risk by 27.6% of responders. In contrast, none of the
participating centers estimated the risk of pathologi-
cal CSF A�42 only (A + T-N-) as extremely high and
16.3% of the centers interpreted the risk of progres-
sion to AD dementia as high.

Risk attribution was significantly different
between A + T+N+SCD and A + T + N + MCI in
all centers (p = 0.016) and MCI was associated
with a higher risk for progression to AD dementia
than SCD. However, risk estimates for ambiguous
biomarker constellations (A + T-N- or A-T + N+) or
in the absence of pathological biomarkers (A-T-N-)
did not differ between MCI and SCD (n.s.).

Criteria for offering amyloid PET imaging

The German public health care system does not
refund the costs for PET imaging in neurodegenera-
tive diseases. Thus, we asked for criteria which would
guide the decision to employ amyloid PET imaging
(either alone or in combination with MR volumetry)
if it were available. In the case of MCI, 16.3% of the
centers would not use amyloid PET imaging, whereas
30.6% would not offer amyloid PET imaging in SCD
(p = 0.018). Of the participating centers, 54.1% would
suggest amyloid PET to patients with pathological
CSF markers and MCI, 49% to patients with SCD
and pathological CSF markers (n.s.). In the case of
MCI, 48% of the centers would supply amyloid PET
in MCI and 41.8% in SCD on the patient’s request
(n.s.). MCI or SCD plus a positive family history of
AD was given as another reason to offer amyloid PET
(MCI: 56.1%, SCD: 51%; n.s.). Several centers would
implement amyloid PET as part of their diagnostic
routine in MCI (18.4%) and SCD (8.2%; p = 0.038).

Therapeutic implications of CSF biomarker
results

We next inquired whether CSF biomarker results
would guide therapeutic decisions. In MCI with
pathological CSF biomarkers (A + T + N+), 39.8%
of the participating centers stated that they would
start treatment with cholinesterase inhibitors (CEI),
7.1% would prescribe memantine, and 13.3% would
initiate non-pharmacological therapy, e.g., occupa-
tional therapy (Fig. 4). In A + T + N + SCD, 18.4% of

the participating centers would prescribe CEIs, 4.1%
would treat with memantine, and 20.4% would ini-
tiate non-pharmacological therapies (Fig. 4). These
treatment regimens differed significantly between
MCI and SCD (p = 0.006).

Therapeutic consequences were less frequent in the
case of pathological CSF A�42 but normal tau and
phospho-tau values (A + T-N-; MCI: 19.4% CEI treat-
ment, 1% memantine, 14.3% non-pharmacological
treatment; SCD: 5.1% CEI, 0% memantine, 19.4%
non-pharmacological treatment, MCI versus SCD:
p = 0.031).

In the presence of MCI and normal CSF A�42
but pathological tau and phospho-tau values (A-
T + N+), 20.4% of the centers would initiate CEI
treatment, 4.1% memantine, and 14.3% other non-
pharmacological therapy. In A-T + N + SCD, 10.2%
would prescribe CEIs, 2% memantine, and 18.4%
would start other non-pharmacological therapies
(MCI versus SCD: n.s.).

In neither of the different biomarker constella-
tions, between-center differences could be observed
with the exception of A + T-N- MCI, where CEI and
also memantine prescription rates were higher in
neurological compared to psychiatric centers (CEI:
31.6% versus 16.5%; memantine: 5.3% versus 0%;
p = 0.048).

DISCUSSION

In light of the new biomarker-based criteria which
allow the detection of AD pathology already in
preclinical and prodromal disease stages several
questions arise regarding their use outside a research
context in the routine clinical setting: How early
should these tests be used, based on which crite-
ria should biomarker testing be offered, how should
the results be interpreted and communicated to the
patient, how to address the uncertainty of test results
and what are the prognostic and therapeutic impli-
cations. This survey aimed to investigate the use and
interpretation of AD biomarkers in SCD and MCI and
the therapeutic consequences arising from different
biomarker constellations in clinical practice at dif-
ferent institutional types of expert dementia centers
throughout Germany.

Although the NIA-AA criteria state that their appli-
cation in prodromal and especially preclinical disease
stages should be restricted to research purposes [2,
7], our survey shows that approximately one third of
individuals with SCD and two thirds of patients with
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Fig. 4. Therapeutic implications of A + T+N+CSF results in MCI and SCD. Centers were asked which, if any, therapeutic implications
would follow the three different CSF biomarker constellations in patients with MCI (left) and SCD (right). Centers would initiate different
treatment regimes in MCI compared to SCD when all CSF biomarkers are in the pathological range (A + T + N+; p = 0.006), or in case of
isolated A�42 abnormalities (A + T-N-; p = 0.031). CEI, cholinesterase inhibitor.

MCI are offered CSF biomarker analysis routinely in
clinical practice. Interestingly, these numbers were
significantly lower for amyloid PET imaging even
if it would be available and refunded by the pub-
lic health insurance (SCD 8.2% and MCI 18.4%;
p = 0.038). This difference may be caused by the lack
of experience with amyloid PET and the possibility
of additional information on tau pathology which can
be obtained from CSF analysis.

CSF biomarkers can help with the etiologic diag-
nosis, prognosis and guide therapeutic decisions.
However, our survey demonstrates heterogenous
interpretations among expert physicians in respect
to etiological diagnosis [10] and prognosis. The vast
majority of dementia experts regarded CSF-based
evidence of A + T + N+ pathology as indicative of an
extremely high or at least high risk of MCI (81.6%)
progression toward AD dementia over the following
five years. An extremely high or high risk of pro-

gression of A + T + N + SCD to AD dementia was less
often estimated as in MCI.

With other CSF biomarker constellations, experts’
opinions differed considerably. A-T + N + associated
risk was estimated as extremely high by 30% in
SCD and 50% in MCI, whereas 42% (SCD) and
35% (MCI) deemed the risk as not or only slightly
increased. Also, the absence of any pathological CSF
markers (A-T-N-) in SCD and MCI was attributed to
an unknown risk of conversion to AD dementia by
∼30% of the clinical centers in SCD and by ∼25%
in MCI.

The uncertainty of dementia experts regarding a
biomarker-based clinical prognosis is particularly
problematic given the frequency with which CSF
biomarker tests are offered as well as the therapeu-
tic decisions which are made based on the results.
Uncertainty may be caused by conflicting data from
different observational studies which all state an
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increased progression risk associated with SCD and
MCI, but which differ markedly in respect to the exact
level of risk. In addition, longitudinal data from large
prospective SCD cohorts are missing, and observa-
tion times mostly cover short periods of two to three
years (for review, see [12]). Clearly, observational
studies with longer follow-up times and multimodal
individualized risk scores would improve confidence
in the predictive values of CSF biomarkers in SCD
[13].

A number of studies have evaluated longitudi-
nal outcomes and rates of MCI conversion to AD
dementia. However, a recent Cochrane review on the
prognostic value of CSF biomarkers in MCI states
a risk of mis- and overdiagnosis due to the mark-
ers’ better sensitivity than specificity [14] which is
further supported by a recent study that retrospec-
tively analyzed 628 memory clinic patients and found
only a low correlation between CSF biomarker-based
etiology and clinical syndromes [15]. Therefore, it
was suggested to employ CSF biomarkers for ruling
out AD etiology in MCI rather than for diagnostic
or prognostic purposes [14]. Recommendations have
also been issued for amyloid PET imaging in MCI
as appropriate use criteria by the Amyloid Imaging
Task Force of the Alzheimer’s Association and Soci-
ety for Nuclear Medicine and Molecular Imaging
[16]. The group recommends amyloid PET imaging
in MCI only in those cases where a higher diagnostic
certainty is needed, e.g., in the case of atypical clin-
ical presentation or comorbidities which could also
be responsible for the cognitive impairment or if a
higher certainty of diagnosis would impact treatment
or future plans of the patient.

One major obstacle to adequate CSF biomarker-
based diagnosis in the routine clinical application
is the lack of common standard operating proce-
dures (SOPs) regarding preanalytical processing and
employed techniques (e.g., ELISA, MSD, SIMOA,
fully-automated versus non-automated) which can
result in high variability of CSF biomarker values
[17, 18]. In addition, cut-off values differ between
laboratories [19, 20] and so far, there is no global
cut-off value available, which impedes the compar-
ison to cohort findings. Partially, this problem may
be solved by the introduction of correction factors
[21], and recently, certified reference materials have
been developed to allow the calibration of assays.
However, these improvements have not yet been
implemented in the routine clinical application and
only few studies have been undertaken to test pre-
dictive values of CSF markers in the routine clinical

setting [22, 23]. This is important as, e.g., progression
rates of SCD were shown to be significantly lower in
the general population compared to memory clinic
patients [24].

CSF biomarkers influenced therapy decisions in
both SCD and MCI. Although the majority of centers
would not initiate CEI treatment in A + T + N + SCD,
18% reported that they would start CEI therapy. More
than 50% of expert centers would not initiate any
therapy, including non-pharmacological therapies. In
CSF biomarker positive (A + T + N+) MCI patients, a
significantly higher proportion of centers would pre-
scribe CEIs (39%), whereas 38% would not initiate
any treatment. Previous intervention studies do not
support CEI therapy in MCI and no data are avail-
able that would suggest a beneficial effect in SCD
[25]. In line with this, practice guidelines from the
American Academy of Neurology state that there
is “no high quality evidence to support pharmaco-
logical treatment for MCI” [26]. These guidelines
also recommend not to offer biomarker diagnosis
in MCI. The German S3 guidelines suggest that in
case a patient with MCI asks for risk assessment,
information about different biomarkers, predictive
values, consequences and the diagnostic procedures
should be provided/initiated by a dementia expert (S3
Leitlinie [11]).

However, our survey shows that there is no broad
consensus among German dementia experts regard-
ing indication for CSF biomarker assessment in SCD
or MCI nor in respect to the therapeutic implica-
tions. Non-academic centers were less likely to offer
CSF biomarker analysis due to the lack of thera-
peutic consequences compared to academic centers.
Interestingly, when asked for therapeutic implica-
tions in patients with CSF AD biomarker positive
MCI, academic and non-academic centers did not
differ significantly in the rate of CEI or meman-
tine treatment initiation. It is feasible to assume that
academic centers more often engage in early interven-
tion trials and may therefore consider participation
in experimental drug trials as a potential therapeutic
option for patients with MCI. In light of the increasing
number of persons seeking prognostic advice already
at very early disease stages, clearly a guideline on
appropriate use of CSF biomarkers, similar to the
recommendations by the amyloid imaging task force
(AIT) [16, 27] or the disclosure guidelines of the A4
trial for amyloid status [28], would also be helpful.
Guidelines should address constellations which jus-
tify CSF biomarker analysis and should contain the
need for harmonization of analysis protocols, stan-
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dardized informed consent, assessment of motivation
to undergo biomarker analysis, education on risk and
prognostic uncertainty.

One strength of our survey is the inclusion of a
large number of dementia expert centers in Germany
that also encompasses non-academic institutions.
Thus, our study is likely to reflect “real-life” use
of biomarkers since in contrast to other studies, it
was not restricted to highly specialized research cen-
ters [29]. However, the majority of respondents in
our study were specialized in psychiatry. To address
this potential bias, we analyzed all data separately for
psychiatric, neurologic and additionally for academic
and non-academic institutions. Not unexpectedly,
centers specialized in neurology were more likely to
offer CSF biomarker diagnosis compared to centers
with a psychiatric background and were also more
prone to pharmacological treatment in SCD and MCI.

It would be worthwhile to extend our survey to
enable multi-country comparison of CSF biomarker
use in SCD and MCI, especially in countries which
have already established more detailed guidelines,
such as the American Academy of Neurology guide-
lines.
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