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dGerman Center for Neurodegenerative Diseases (DZNE), Berlin, Germany
eDepartment of Geriatric Psychiatry, Central Institute of Mental Health, Medical Faculty Mannheim, University

of Heidelberg, Heidelberg, Germany
f Department of Psychiatry and Psychotherapy, University Medical Center Göttingen (UMG), University of

Göttingen, Göttingen, Germany
gGerman Center for Neurodegenerative Diseases (DZNE), Göttingen, Germany
hiBiMED, Medical Science Department, University of Aveiro, Aveiro, Portugal
iDepartment of Psychiatry and Psychotherapy, University Hospital Erlangen, and Friedrich-Alexander

University of Erlangen-Nürnberg, Erlangen, Germany
jCenter for Geriatric Medicine and Gerontology, University of Freiburg, Freiburg, Germany
kDepartment of Neurodegeneration Diagnostics, Medical University of Biasłystok, and Department of

Biochemical Diagnostics, University Hospital of Bialystok, Bialystok, Poland
lGerman Center for Neurodegenerative Diseases (DZNE), Cologne, Germany
mDepartment of Psychiatry and Psychotherapy, University Hospital Cologne, Cologne, Germany

Accepted 8 June 2022

Pre-press 7 July 2022

Abstract.

Background: Consideration of many tests from different cognitive domains in defining mild cognitive impairment (MCI) is

clinical routine, but guidelines for a neuropsychological operationalization of MCI are lacking.

Objective: Among different operational MCI criteria, to identify those which are best in predicting either conversion to

dementia, or a biomarker profile indicative for Alzheimer’s disease (AD).

Methods: Memory clinic patients without dementia (N = 558; mean age = 66; up to 3 years of follow-up; n = 360 with baseline

CSF biomarkers) were included in an observational study using most liberal criteria of cognitive impairment. Four operational

definitions of MCI were retrospectively applied: 1) amnestic MCI (CERAD word list delayed recall), 2) CERAD total score,

3) comprehensive criteria and 4) base rate corrected CERAD. We compared their accuracy in predicting incident all-cause

dementia or AD dementia within three years, or a concurrent CSF A�42/tau-ratio indicative of AD.

Results: The four definitions overlapped considerably, classified 35–58% of the original sample as impaired and were

associated with markedly increased PPVs regarding incident all-cause dementia (39–46% versus 26% of the original sample),

AD dementia and AD biomarker positivity. The base rate corrected MCI definition had the highest prognostic accuracy.
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Conclusion: The operational criteria examined seem suitable to specify MCI in memory clinic settings, as they identify

subjects at high risk of clinical progression. Depending on the neuropsychological battery in use, one or several of these

criteria could help to calibrate the clinical judgment of test results, reduce false-positive decisions, and define risk-enriched

groups for clinical trials.

Keywords: Alzheimer’s disease, biomarker, cognition, conversion, dementia, diagnosis, DSM-5 mild NCD, mild cognitive

impairment, prognosis

INTRODUCTION

Dementia refers to a clinical syndrome which

is characterized by a variety of cognitive difficul-

ties that interfere with individuals daily functioning.

Alzheimer’s disease (AD) dementia is the most com-

mon cause of dementia, accounting for 60–80% of

all dementia cases. The pathophysiological hallmarks

of AD are extracellular amyloid-� (A�) accumula-

tion and intracellular neurofibrillary changes in the

brain. Biomarkers like reduced levels of A�42 and

increased levels of tau or phosphorylated tau in the

cerebrospinal fluid (CSF) reflect this pathology.

Mild cognitive impairment (MCI), which refers to

a transitional state between normal aging and demen-

tia [1], has evolved from a fruitful research concept

into a new category of clinical diagnosis in the fifth

edition of the Diagnostic and Statistical Manual of

Mental Disorders (5th ed.; DSM-5, [2]) termed mild

neurocognitive disorder (mild NCD). MCI and mild

NCD are defined as a decline in cognitive perfor-

mance compared to a previous level in one or more

cognitive domains that does not interfere with daily

functioning. Although diagnostic guidelines exist for

research purposes (National Institute on Aging and

the Alzheimer’s Association (NIA-AA): MCI, [3])

or clinical practice (DSM-5: mild NCD), they do

not contain clear operational definitions of impair-

ment. The diagnostic features section of the DSM-5

mild NCD chapter refers to a performance typically

ranging from 1-2 standard deviations (SD) below the

normative group, while the NIA-MCI guidelines [3]

mention a deficit of 1–1.5 SD. Thus, these criteria

allow to diagnose and study individuals with very

mild impairments, including non-memory impair-

ments, but require further decisions regarding test

selection. The standardized neuropsychological test-

ing of several cognitive domains with multiple tests

together with a liberal threshold can result in many

false-positive diagnostic decisions [4–6]. In addition,

differences in the operationalization of MCI/mild

NCD limits comparability, and may underlie widely

varying rates of progression from MCI to dementia in

different studies [7]. Thus, more specific operational

criteria would be a useful complement of the generic

DSM-5 NCD/MCI definition [8].

Several operational criteria have been proposed,

and we compare four of them in the present study:

(1) Amnestic MCI: This is usually defined by

poor performance on a single test, e.g., the

Alzheimer’s Disease Neuroimaging Initiative

(ADNI) defined amnestic MCI as performing

below 1.5 SD (demographically adjusted) in

the Delayed Recall part of the Wechsler Mem-

ory Scale-Revised (WMS-R) Logical Memory

Test Story A. Increasing evidence indicates

that this approach to identifying memory

impairment based on a single measure is vul-

nerable to false-positive decisions [9–12], as

it provides a less reliable estimation of cog-

nitive functioning in comparison to multiple

measures [11, 13]. In fact, neuropsychologists

usually apply either fixed or flexible test batter-

ies, which result in several standardized scores.

(2) Overall cognitive performance: lower than nor-

mal overall cognitive performance as assessed

with brief cognitive scales or with more

detailed neuropsychological test batteries.

For example, the Consortium to Establish a

Registry for Alzheimer’s Disease (CERAD)

neuropsychological test battery is a widely

employed fixed test battery covering mem-

ory, language, visuoconstruction and, in an

extended version, executive and attentional

tests (CERAD-Plus). The CERAD total score

[14] can be used to operationally define MCI,

as it aggregates several test scores from differ-

ent cognitive domains into a single scaled score

and allows for a straightforward classification.

The CERAD total score accurately discrim-

inates healthy elderly subjects from patients

with MCI and dementia [15–17], predicts inci-

dent AD dementia [18] and tracks progression
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from mild to more severe stages of AD

[15, 19].

Two more elaborate algorithmic approaches

have been proposed that are based on the pat-

tern or the number of deviant test scores in a

given test battery.

(3) Comprehensive criteria: Comprehensive crite-

ria proposed by Jak and colleagues [20] “were

developed in consideration of the fact that

the interpretive value of an isolated impaired

score is often limited” (p. 7). The criteria

are intended to balance sensitivity and speci-

ficity by considering two measures for each of

three cognitive domains (which allows for a

more reliable estimation of impairment) and

by quantifying impairment with 1 SD [20].

The strength of these criteria is that they are

generic and do not depend on a specific fixed

battery. There is a growing body of literature

that recognizes the strength of these compre-

hensive criteria in terms of diagnostic and

predictive accuracy. Compared to conventional

approaches (as operationalized, e.g., in ADNI

by considering a single measure), comprehen-

sively defined cognitive impairment has been

proven to be superior regarding progression to

dementia, temporal stability [11, 21–23], iden-

tification of individuals with AD risk factors

(such as APOE �4) and positive biomarkers

(cerebrospinal fluid (CSF) hyperphosphory-

lated tau, A�) [11, 24], and vulnerability to

false-positive diagnoses [9–12, 25]. The use of

comprehensive criteria has therefore been rec-

ommended for the discrimination of subjective

cognitive decline from MCI for research pur-

poses [26]. Studies have already applied this

approach [26–28].

(4) Base rate correction: A base rate correction

approach for the identification of cognitive

impairment has been proposed [5] which sta-

tistically adjusts for the fact that even healthy

elderly adults will have some (a “base rate”

of) deviant test scores when many tests are

given (the terms multivariate base rate correc-

tion [29] or Number of Impaired Tests [30,

31] have also been used for this MCI defini-

tion). Mistridis et al. [5] calculated the base

rates of deviant scores for the German CERAD

test battery using data from a normative study.

These are used to gauge results of patients

tested with this battery. Within this approach,

cognitive impairment is assumed when < 10%

of healthy older adults obtain a certain number

of scores below a given cut-off. For example,

having one deviant score (e.g., below the 16th

percentile/deficit of 1 SD) out of 10 CERAD

subtest scores is a common event (71%) in

healthy normative subjects (i.e., the base rate of

this event is high). However, less than ten per-

cent of a healthy comparison group will have

5 or more scores below the 16th percentile.

Applying this criterion to demographically

matched groups of subjects who either con-

verted to AD dementia (n = 26) or remained

healthy (n = 26), Mistridis et al. found that none

of the nonconverters but 23% of the convert-

ers initially had 5 or more scores below the

16th percentile, giving some initial validation

to the predictive validity of this MCI defi-

nition. A recent study [30] applied the base

rate approach to reclassify MCI participants

in ADNI, using base rates for the number of

impaired tests calculated from ADNI controls,

and found this MCI definition to be superior to

other operational definitions in terms of pre-

dictive accuracy. However, as ADNI required

a verbal memory deficit > 1.5 SD upon inclu-

sion, it is not clear whether the base rate criteria

will also do well in less selective samples.

In sum, while the issue of operational definitions

for MCI has received increasing attention recently

[11, 21, 23, 24], more systematic comparisons of

alternative operational definitions of MCI are needed.

The predictive accuracy for progression to dementia,

and the concurrent relation to AD biomarkers are cri-

teria by which these MCI definitions can be judged, as

they reflect clinical utility and physiological validity.

Here, we applied and compared four operational

definitions of MCI regarding clinical progression to

dementia and cross-sectional AD biomarkers in a

large multicenter memory clinic cohort of the Ger-

man Dementia Competence Network (DCN) [32].

DCN participants were initially included by a pur-

posefully liberal impairment definition that required

a deficit of at least 1 SD in any of 12 test scores

concerning several cognitive domains to include the

mildest form of cognitive decline and to examine the

diagnostic and prognostic performance of biomark-

ers in a mixed memory clinic sample. This liberal

inclusion criterion allowed for the application and

comparison of more stringent post-hoc operational

definitions, which vary regarding the number of tests

and domains considered.
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We aimed to examine these four criteria head-to-

head in a single dataset, in order to identify those

best predicting either conversion to dementia, or a

biomarker profile indicative for AD. We also aimed

to study which of the examined MCI criteria would

add most to an AD biomarker profile regarding the

joint prediction of conversion to dementia. Finally,

we aimed to establish the agreement of the criteria

with each other and their stability over time.

We expected that the application of each opera-

tional definition would result in a reduced proportion

of cognitively unimpaired individuals compared to

the initial liberal DCN inclusion criteria. Further-

more, we expected the probability for progression

to dementia would be higher in operationally reclas-

sified individuals than in those classified initially.

Finally, based on the studies of Bondi et al. [11] and

Oltra-Cucarella et al. [30], we also expected that the

comprehensive criteria and the base rate approach

would predict incident dementia particularly well.

MATERIALS AND METHODS

Subjects

We analyzed data from memory clinic patients

without dementia from the observational diagnos-

tic and prognostic study (DAP) of the German

Dementia Competence Network [32]. Patients over

the age of 50 referred because of memory com-

plaints were included in the DAP study when they

had a Clinical Dementia Rating (CDR) of 0.5, at

least one mild cognitive impairment (1 SD below

demographically adjusted norms) on an extensive

test battery (see below), an informant available and

no cognitive impairment due to causes other than

neurodegenerative or vascular disease. Further exclu-

sion criteria were substance abuse or dependence,

insufficient German language skills, multimorbidity,

comorbid condition with excess mortality, circum-

stances that made regular attendance at follow-up

visits uncertain [32]. Individuals were followed-up

yearly (2003–2007) with a clinical and neuropsycho-

logical assessment.

We included 558 individuals (42% female, mean

age = 66.02 years, SD = 8.07 years, mean level of

education = 12.47 years, SD = 2.82 years) who had

complete neuropsychological data (CERAD-Plus

[40]) at baseline and at least one year of follow-up.

The DAP study was conducted in accordance with

the principles of the Helsinki Declaration, and ethical

approval was obtained by the Ethics Review Board

of the Erlangen medical faculty and the Ethics Com-

mittees at each center involved. Subjects gave written

informed consent.

Neuropsychological measures and definition

of MCI

Original definition of MCI and dementia in the

DAP study

The definition of MCI at baseline and follow-

up was based on a clinical and neuropsychological

examination and the following criteria: 1) decline in

cognitive performance, indicated by a deficit of 1 SD

below a normative comparison group on at least one

of the following neuropsychological tests: the WMS-

R Logical Memory immediate and delayed recall,

CERAD word list (verbal learning and memory; 33,

34), CERAD figures recall (nonverbal learning and

memory), CERAD animal fluency (word fluency;

[35]), CERAD 15-item short form of the Boston

Naming Test [36], CERAD figures copy or clock-

drawing test (visuoconstruction; [34]), CERAD Trail

Making Test A (TMT-A, cognitive speed) or Trail

Making Test B (TMT-B, executive function), 2)

Complaints of cognitive problems in daily life, 3)

preserved independence in daily activities, whereas

marginal deficits in the performance of complex

everyday activities were tolerated (Bayer Activities of

Daily Living Scale (B-ADL), 4) a global CDR score

of 0.5.

A diagnosis of dementia (either upon inclusion

or during follow-up) required impairments in demo-

graphically adjusted test scores on at least two

cognitive domains, plus persisting impairments in

functional activities (B-ADL > 6) [32].

Operational reclassifications of MCI

After each of the operational criteria were applied

as described below, DAP MCI participants were

reclassified into operational MCI and operational

non-MCI participants. This classification was based

on their test scores on the German CERAD-Plus test

battery. The CERAD test battery is a translation of

the original CERAD test battery developed in the

US, which has demonstrated good objectivity, reli-

ability (retest-reliability) and validity (e.g., [37, 38]).

Many studies using the German CERAD version

have also found good reliability [39] and valid-

ity [18, 40]. Age-, gender-, and education-adjusted
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Table 1

Test scores of the CERAD-Plus test battery required to operationalize the different operational definitions

Amnestic MCI CERAD total score Comprehensive criteria Base rate correction

Operationalization Impaired score (> 1 SD)

below age-corrected

normative mean in one

test of verbal episodic

memory

Impaired score (> 1 SD)

below age-corrected

normative mean on a

global score that is based

on six scores of three

cognitive domains

Impaired score (> 1 SD)

below age-corrected

normative mean) on two

measures in the same

cognitive domain; or one

impaired score in each of

the three cognitive

domains OR Functional

impairment (IADL)

Impaired scores (> 1 SD)

below age-corrected

normative mean in at least

5 out of 10 test scores out

of four cognitive domains

Language

Verbal Fluency x x x

Boston Naming Test x x x

Verbal episodic memory

Word List Learning x x

Word List Delayed

Recall

x x x x

Word List Recognition x x x

Word List Savings x

Word List Intrusion

Errors

x

Visual episodic memory

Figures Delayed Recall x

Figures Recall Savings x

Constructional praxis

Figures Copy x x

Attention / Executive

function

TMT-A x

TMT-B x

TMT-A and -B, Trail Making Test A and B; x, test scores required for the operationalization of the respective criteria; Word list recognition,

number of true positives minus number of false positives.

values for the German CERAD-Plus test battery are

available at https://www.memoryclinic.ch [41]. Stan-

dardization was based on 1,100 healthy individuals

(age: 49–92 years; education: 7–20 years) for the

CERAD test battery and 604 healthy individuals

(age: 55–88 years; education: 7–20 years) for the

additional elements of the CERAD-Plus test battery

(TMT-A and -B). Table 1 shows the test scores of the

CERAD-Plus test battery employed for the different

MCI operational definitions, which are described as

follows.

1. Amnestic MCI [42]. Typically, a 1.5 SD mem-

ory test deficit is used to operationalize aMCI,

but a 1.0 SD deficit has also been applied for

research purposes to capture early MCI [43].

Here, subjects performing 1.0 SD (or 1.5 SD,

respectively) below age-, sex-, and education-

adjusted normative values in the word list

delayed recall of the CERAD-Plus test battery

were reclassified as aMCI. For the three other

MCI definitions, which rely on several tests

instead of just one, we focused on a uniform

1 SD deficit, as proposed for the comprehensive

criteria [11].

2. CERAD total score [14, 17]. We calculated a

global score by summing six raw scores of the

CERAD test battery, shown in Table 1, with a

maximum score of 100 points [14]. The total

score was adjusted for influences by age, sex,

and education with a multiple regression-based

formula. The 1 SD cognitive impairment thresh-

old for this adjusted score is < = 88 points, based

on the German CERAD normative sample [17].

3. Comprehensive criteria [11, 20]. Cognitive

impairment was assumed when cognitive

deficits quantified by 1 SD impairment thresh-

old were present in 1) two tests in at least one

cognitive domain (memory, executive function

or language) or 2) one test of each cognitive

domain. Deterioration in daily functioning, in

the absence of cognitive impairment, constitutes

a third, alternative criterion to define MCI. In

our study, criteria 1 and 2 were operationalized
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using six scores of the CERAD-Plus test battery

(see Table 1). As independent daily functioning

was required for study participation (B-ADL

< 4), criterion 3 of the comprehensive criteria

was never fulfilled in the present sample.

4. Base rate correction. We considered base rate

percentages adjusted for influences by age, sex,

and education in the German CERAD test bat-

tery of a normative group [5].

We here focused on base rates provided

for the 16th percentile (< = 1 SD) of test per-

formance. According to Mistridis et al. [5]

cognitive impairment (MCI) beyond the nor-

mal scatter of performance is assumed when 5

or more scores (out of 10 CERAD scores) are

below 1 SD. This number of low scores cor-

responds to the bottom 10% of the normative

sample (i.e., 90% have a maximum of 4 scores

at or below 1 SD).

Outcome criteria: Dementia, AD dementia, and

the CSF AD signature

Our primary outcome was progression to all-

cause dementia, as liberal case selection in the DAP

study yielded a heterogeneous sample with different

underlying pathologies. As additional outcomes, we

considered conversion to incident AD dementia and a

biomarker profile indicative of AD, because most of

the operational criteria have been developed and val-

idated in the context of AD and give more weight to

memory impairment as the most common and earliest

cognitive deficit in patients with AD. Because of this,

incident dementia of other types (n = 48) here was

treated as nonconverted for the analysis of conversion

from MCI to incident AD dementia. Probable AD

was defined according the National Institute of Neu-

rological and Communicative Disorders and Stroke

(NINCDS) and Alzheimer’s Disease and Related Dis-

orders Association (ADRDA) criteria [44].

A CSF signature indicative of AD was defined by

an abnormal A�42/tau ratio, as this ratio was found to

be a reliable predictor for clinical progression from

MCI to AD dementia [45]. In this study, we used Hul-

staert et al.’s [46] formula (A�42 / [240 + 1.18 × tau]

< 1) to define an abnormal A�42/tau ratio.

In addition, we examined the stability of MCI, i.e.,

the proportion of MCI subjects at baseline not revert-

ing back to normal after one year in a subsequent

examination using the same operational criteria. For

this analysis we applied the same normative data

of the respective neuropsychological subtests of the

CERAD-Plus test battery at baseline and follow- up

because retest-normative data of the test battery was

not available.

Statistical analysis

Statistical analyses were carried out using

IBM SPSS statistics 24 (Armonk, NY, USA) and

MedCalc Software (Ostend, Belgium). Cohen’s κ

was calculated to analyze the pairwise diagnostic

agreement among the criteria (0.21–0.40 = fair

agreement; 0.41–0.60 = moderate agreement,

0.61–0.80 = substantial agreement; 0.81–1 = almost

perfect agreement, [47]). Concordance (%) was

determined by the proportion of corresponding

evaluations among all subjects (
∑

of agreement/N).

The diagnostic/predictive accuracy of the crite-

ria was quantified by calculations of the sensitivity

and specificity, positive and negative predictive val-

ues (PPVs and NPVs) and Youden’s index (%) with

regard to the described outcomes. Furthermore, we

give information about the area under the curve

(AUC) and corresponding confidence intervals given

the predetermined criterion [48]. In addition, the risk

of clinical progression for each MCI definition was

determined by Cox proportional hazard regression

analyses, with time to incident dementia (all cause

and AD) as the outcome. We included age, edu-

cation and gender as covariates in these analyses.

Furthermore, we used logistic regression to analyze

the association between group (MCI/non MCI) and

the CSF-AD biomarker profile [46] for each opera-

tional definition applied. Age, education, and gender

were again considered as covariates.

In addition, the risk of clinical progression for each

MCI definition in combination with biomarker infor-

mation and demographic information (age, years of

education, gender) was determined by stepwise Cox

proportional hazard regression analyses (Tables 6 and

7). In addition, we report AUCs derived from step-

wise logistic regressions with the same combined

predictors.

Model assumptions for the Cox-regression mod-

els and logistic regression models were checked

via graphical inspections and appropriate residual

methods (e.g., Schoenfeld and Martingale residual

inspection for testing proportional hazard assump-

tion and ruling out non-linearity associations between

predictors and outcome, respectively). We found no

evidence for violation of assumptions in any of the

models. Thus, no further steps needed to be taken in

the modeling process.
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RESULTS

Baseline characteristics

The baseline characteristics of the study sample

are shown in Table 2. As expected, due to the liberal

inclusion of individuals in the DAP cohort, deficits

Table 2

Demographics and neuropsychological performance of MCI sub-

jects at baseline (N = 558)

M or n SD min max

Age, y 66.02 8.07 50 89

Sex (female/male) 237/321 n.a. n.a. n.a.

Education, y 12.47 2.82 5 19

APOE4 (yes/no) (n = 470) 181/289 n.a. n.a. n.a.

MADRS (n = 539) 7.77 6.28 0 36

MMSE (max. 30 points) 27.29 2.09 20 30

CERAD-Plus test battery

Verbal Fluency –0.79 1.11 –4.83 1.91

Boston Naming Test –0.27 1.27 –4.89 1.93

Word List Immediate Recall –1.22 1.33 –6.54 2.68

Word List Delayed Recall –1.07 1.14 –4.41 2.11

Word List Recognition –0.76 1.40 –5.06 1.19

Word List Savings –0.66 2.76 –5.87 6.61

Word List Intrusions –0.35 1.15 –3.44 0.98

Figures Copy –0.23 1.26 –4.15 1.81

Figures Delayed Recall –1.27 1.55 –5.46 2.21

Figures Recall Savings –1.00 1.25 –3.86 2.50

Trail Making Test-A –0.65 1.39 –4.44 4.21

Trail Making Test-B –0.64 1.23 –3.21 4.77

M, mean; SD, standard deviation; min, minimum; max, maximum;

MMSE, Mini-Mental State Examination; MADRS, Montgomery

and Asberg Depression Rating Scale; n.a., not applicable.

indicated by average z-scores were mild and were

mainly present in the episodic memory domain of

the CERAD-Plus test battery.

Proportion of MCI and non-MCI

The prevalence rates of groups are displayed in

Table 4 for each criterion. As expected, the oper-

ational criteria examined herein classified fewer

(35%–58%) individuals of the original sample as hav-

ing MCI. The 1.5 SD aMCI criterion was the most

restrictive (34.6%), followed by the base rate correc-

tion (45.5%), the 1 SD aMCI criterion (49.6%), the

comprehensive criteria (54.8%) and the CERAD total

score (57.9%). Pairwise diagnostic agreement among

the criteria revealed considerable overlap (70%–85%,

Table 3).

Prediction of progression to incident all-cause

dementia

During three years of follow-up (mean time to con-

version = 25 months, SD = 10.3 months) 145 patients

(26% of the sample with follow-up data) converted

to dementia, with 97 patients receiving a diagnosis

of AD dementia. Types of non-AD dementia (n = 48)

were frontotemporal dementia (n = 24), dementia due

to corticobasal degeneration (n = 1), Huntington’s

disease dementia (n = 1), Lewy body disease demen-

tia (n = 4), vascular dementia (n = 5), Parkinson’s

Table 3

Pairwise diagnostic agreement among the operational criteria

aMCI aMCI CERAD total Comprehensive

(1 SD) (1.5 SD) score criteria

(1 SD) (1 SD)

aMCI (1 SD) – – – –

aMCI (1.5 SD) 84.95% – – –

κ = 698

SE = 0.029

p < 0.001

CERAD total score (1 SD) 73.84% 69.53% – –

κ = 0.477 κ = 0.419

SE = 0.037 SE = 0.033

p < 0.001 p < 0.001

Comprehensive criteria (1 SD) 76.52% 69.71% 79.93% –

κ = 0.531 κ = 0.412 κ = 0.592

SE = 0.036 SE = 0.035 SE = 0.034

p < 0.001 p < 0.001 p < 0.001

Base rate correction (1 SD) 83.69% 79.39% 78.32% 75.09%

κ = 0.674 κ = 0.576 κ = 0.572 κ = 0.507

SE = 0.031 SE = 0.034 SE = 0.033 SE = 0.036

p < 0.001 p < 0.001 p < 0.001 p < 0.001

aMCI, amnestic MCI; %, Concordance (
∑

of agreement/N); κ, Cohen’s κ (0.21–0.40 = fair agreement; 0.41–0.60 =

moderate agreement, 0.61–0.80 = substantial agreement; 0.81–1 = almost perfect agreement, [47]); SE, standard

deviation.
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Table 4

Predictive accuracy of the respective operational neuropsychological criteria with regard to incident all-cause dementia and AD dementia

MCI at PPV NPV Sensitivity Specificity J AUC Hazard ratio

baseline

Operational definitions % % 95% CI % 95% CI % 95% CI % 95% CI % value 95% CI value 95% CI

(1) Predictive accuracy regarding incident all-cause dementia within three years

Liberal DAP-MCI criteria (1 SD) 100 26.0 n.a. n.a. n.a. n.a. n.a. n.a. n.a. n.a. n.a. n.a. n.a. n.a.

Amnestic MCI criteria (1 SD) 49.6 39.7 [36.2, 43.3] 87.5 [83.9, 90.5] 75.9 [68.1, 82.6] 59.6 [54.7, 64.3] 35.5 0.677a [0.64, 0.72] 4.0 [2.7, 6.0]

Amnestic MCI criteria (1.5 SD) 34.6 45.6 [40.4, 50.9] 84.4 [81.4, 87.0] 60.7 [52.2, 68.7] 74.1 [70.1, 78.7] 35.3 0.676 [0.64, 0.72] 3.5 [2.4, 4.9]

CERAD total score (1 SD) 57.9 38.7 [35.9, 41.6] 91.5 [87.6, 94.2] 86.2 [79.5, 91.4] 52.1 [47.1, 57.0] 38.3 0.691 [0.65, 0.73] 5.3 [3.3, 8.6]

Comprehensive criteria (1 SD) 54.8 38.9 [35.8, 42.0] 89.7 [85.9, 92.6] 82.1 [74.8, 87.9] 54.7 [49.8, 59.6] 36.8 0.684 [0.64, 0.72] 4.8 [3.1, 7.4]

Base rate correction (1 SD) 45.5 44.1 [40.2, 48.1] 89.1 [85.8, 91.8] 77.2 [69.6, 83.8] 65.6 [60.8, 70.1] 42.8 0.714a [0.68, 0.75] 5.4 [3.6, 8.0]

(2) Predictive accuracy regarding incident AD dementia within three years

Liberal DAP-MCI criteria (1 SD) 100 17.4 n.a. n.a. n.a. n.a. n.a. n.a. n.a. n.a. n.a. n.a. n.a. n.a.

Amnestic MCI criteria (1 SD) 49.6 28.5 [25.7, 31.5] 93.6 [90.5, 95.7] 81.4 [72.3, 88.6] 57.1 [52.4, 61.6] 38.5 0.692a [0.65, 0.73] 5.4 [3.2, 9,2]

Amnestic MCI criteria (1.5 SD) 34.1 33.2 [28.8, 37.8] 91.0 [88.4, 93.0] 66.0 [55.7, 75.3] 72.1 [67.7, 76.1] 38.0 0.690 [0.65, 0.73] 4.1 [2.6, 6.7]

CERAD total score (1 SD) 57.9 26.0 [23.8, 28.3] 94.5 [91.1, 96.6] 86.6 [78.2, 92.7] 48.2 [43.5, 52.8] 34.8 0.674b [0.63, 0.71] 5.2 [2.9, 9.4]

Comprehensive criteria (1 SD) 54.8 24.8 [22.3, 27.5] 91.7 [88.2, 94.2] 78.4 [68.8, 86.1] 50.1 [45.5, 54.8] 28.5 0.642a,c [0.60, 0.68] 3.8 [2.3, 6.2]

Base rate correction (1 SD) 45.5 31.5 [28.4, 34.8] 94.4 [91.6, 96.3] 82.5 [73.4, 89.4] 62.3 [57.7, 66.7] 44.8 0.724b,c [0.69, 0.76] 7.1 [4.2, 12.1]

PPV, positive predictive value; NPV, negative predictive value; CL, confidence interval; J, Youden’s index; AUC, area under the curve; n.a., not applicable, as follow- up information about subjects

not fulfilling the liberal MCI inclusion criteria is not available; Letters (a, b, c) behind AUCs mark significant differences between those AUCs with the same letters; Highest values are highlighted

in bold; Sample size: N = 558.
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for all operational definitions (24.8%–33.2%). The

rate of conversion was again highest for the 1.5 SD

aMCI criterion and for the base rate correction.

The pattern of sensitivity, specificity and Youden’s

index for the prediction of incident AD dementia by

the different MCI criteria was similar to the one found

for incident all cause dementia (Table 4).

The highest AUC was found for the base rate cor-

rection (AUC = 0.724), significantly superior to the

AUC of the CERAD total score and the comprehen-

sive criteria (Table 4).

While conversions also occurred in subjects not

being re-classified operationally as MCI, the risk of

conversion to incident AD dementia was four to eight

times higher in the reclassified MCI groups than in

the corresponding non-MCI groups (Table 4). The

highest risk of conversion was found for those MCI

cases identified with the base rate correction and the

CERAD total score.

Cross-sectional prediction of a CSF-AD profile

In a subsample with available CSF data (n = 360,

CSF-AD-positive: n = 167, CSF-AD-negative: n =

193), reclassification of the MCI individuals resulted

in an increased probability of CSF-AD biomarker

positivity (PPV: 51.1%–59.6%) compared to the ini-

tial DAP-MCI criteria (46.4%; Table 4). The base

rate correction and the 1 SD aMCI criterion were

associated with the highest probability of biomarker

positivity. Furthermore, the aMCI criterion (1 SD)

showed the best balance of sensitivity and specificity

(see Youden’s index in Table 5).

Operationally defined MCI groups were 1.6 to 3.6

times more likely to be biomarker positive than the

corresponding non-MCI groups (see odds ratios in

Table 5).

Differences in AUCs among the criteria are

reported in Table 5.

Prediction of progression to incident dementia:

Combining AD biomarkers with different MCI

criteria

In the subsample that had information on both CSF

and conversion to dementia (n = 215), combining AD

biomarkers with MCI criteria improved the prediction

of conversion to all-cause dementia and AD demen-

tia (see differences in χ
2 on Tables 6 and 7). The

prediction was most improved in combinations with

multidomain MCI criteria (the base rate corrected

MCI, the CERAD total score or the comprehensive
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Table 6

Prediction of conversion to all-cause dementia: Results of stepwise cox regression and logistic regressions analyses (n = 215; non converters:

n = 147; converters: n = 68)

Predictors of conversion to all-cause dementia Model fit: χ
2 Hazard ratio AUC

difference df p value 95.0% CI value

in χ
2

Model 1: Demographic information only (gender, age, years of education)

gender 1.1 [.68, 1.8]

age 1.0 [1.0, 1.1]

years of education 0.96 [0.87, 1.0]

Model 2: Model 1 plus CSF AD biomarker risk profile 16.4 1 < 0.001 3.0 [1.7, 5.2]

Model 3: Model 2 plus operational MCI criteria

Model 2 plus Amnestic MCI criteria (1 SD) 8.1 1 < 0.05 2.3 [1.3, 4.1] 0.717

Model 2 plus Amnestic MCI criteria (1.5 SD) 7.6 1 < 0.05 2.1 [1.2, 3.5] 0.721

Model 2 plus CERAD total score (1 SD) 16.2 1 < 0.001 3.4 [1.7, 6.6] 0.742

Model 2 plus Comprehensive criteria (1 SD) 19.2 1 < 0.001 3.8 [1.9, 7.3] 0.745

Model 2 plus Base rate correction (1 SD) 22.8 1 < 0.001 3.8 [2.1, 6.7] 0.747

CSF, cerebrospinal fluid; SD, standard deviation; MCI, mild cognitive impairment; AUC, area under the curve.

Table 7

Prediction of conversion to AD dementia: Results of stepwise cox regression and logistic regressions analyses (n = 215; non converters:

n = 171; converters: n = 44)

Predictors of conversion to all-cause dementia Model fit: χ
2 Hazard ratio AUC

difference df p value 95.0% CI value

in χ
2

Model 1: Demographic information only (gender, age, years of education)

gender 1.5 [0.84, 2.8]

age 1.1 [1.0, 1.1]

years of education 0.95 [0.85, 1.1]

Model 2: Model 1 plus CSF AD biomarker risk profile 38.3 1 < 0.001 13.0 [4.5, 37.5]

Model 3: Model 2 plus operational MCI criteria

Model 2 plus Amnestic MCI criteria (1 SD) 4.8 1 < 0.05 2.4 [1.1, 5.4] 0.819

Model 2 plus Amnestic MCI criteria (1.5 SD) 5.0 1 < 0.05 2.1 [1.1, 4.1] 0.825

Model 2 plus CERAD total score (1 SD) 5.1 1 < 0.05 2.4 [1.1, 5.3] 0.825

Model 2 plus Comprehensive criteria (1 SD) 6.4 1 < 0.05 2.6 [1.2, 5.8] 0.825

Model 2 plus Base rate correction (1 SD) 13.2 1 < 0.001 3.8 [1.7, 8.4] 0.842

CSF, cerebrospinal fluid; SD, standard deviation; MCI, mild cognitive impairment; AUC, area under the curve.

criteria). Again, the base rate corrected MCI came

out as the best among equals (it added most to the

CSF-based prediction).

The combined prediction with AD biomarkers and

MCI criteria was substantial (AUC up to 0.842) and

was better than prediction based on MCI criteria alone

(AUCs of 0.677 to 0.724).

Temporal stability (proportion of MCI cases not

reverting to normal)

Out of 558 cases, we included 493 individuals with

complete neuropsychological data (=all CERAD

subtests necessary for definition of the operational

criteria) at the first follow-up in an analysis of tem-

poral stability. Only for this analysis, we excluded 65

cases due to missing values at the first follow-up that

precluded an operationalization according to one or

more of the criteria. The number of cases included

in the analysis differed slightly among the criteria

due to differences in the proportion of impaired indi-

viduals at baseline. The proportion of individuals

still fulfilling the respective operational criteria for

MCI longitudinally also includes individuals who

progressed to dementia at the first follow-up or later.

Stability was lowest for the aMCI criterion (1 SD

and 1.5 SD: 70% each). Temporal stability was high-

est for the CERAD total score (79%), followed by

the comprehensive criteria and the base rate approach

(75% each).

DISCUSSION

In a large and well-characterized multi-center

memory clinic sample, we compared different oper-

ational definitions of MCI that might be useful
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specifications of the generic DSM-5 definition of

mild NCD, or of the NIA-AA definitions of MCI.

As the original sample included patients with mem-

ory complaints already when they had at least one

deviant (1 SD) test score among 12 scores consid-

ered, it is not surprising the application of each of

the operational MCI definitions resulted in a reduced

proportion of cognitively impaired cases, with only

34.6% to 58% reclassified as MCI. At the same time,

all operational criteria showed substantially enhanced

rates of conversion to all-cause and AD dementia

(PPV = 25–46%) as well as increased probability of

CSF-AD biomarker positivity (PPV = 51–59%) in

comparison to the initial criteria.

Most operational criteria, except the 1.5 SD aMCI

criterion, used 1 SD deficit as threshold for cognitive

impairment. In line with previous findings [11] the

substantial PPVs (and HRs) suggest that even a liberal

1-SD deficit threshold can be employed to indicate a

clinically meaningful impairment in memory clinic

patients when using one of these operational defi-

nitions of MCI. Of course, other relevant variables

(e.g., current depression or other medical conditions)

will need to be considered as contributing to perfor-

mance, particularly when liberal cutoffs are used. It

is beyond the scope of the present paper to exam-

ine which cutoffs would be optimal for each of the

criteria. However, we note that the overall predic-

tive accuracy of 1.0 and 1.5 SD aMCI definitions,

respectively, was quite similar.

Our results show that meeting any of the oper-

ationally defined MCI/mild NCD criteria indicates

a rather high probability for conversion to demen-

tia or AD dementia within the next three years, and

of a cross-sectional biomarker profile indicative of

AD. Individuals not fulfilling the operational criteria

were at a much lower risk, as reflected by the HRs.

However, the NPV was approximately 90% regarding

progression to dementia for all criteria in this reanal-

ysis, which implies that there are still true prodromal

cases with only subtle cognitive impairments among

those not fulfilling the operational criteria. This is

in line with the idea of a pre-MCI stage of subjec-

tive cognitive decline, where memory concerns are

present but cognitive impairment is either absent or

below the detection threshold of current tests [49].

Progression rates were roughly similar across

the examined 1 SD multidomain criteria and the

traditional 1.5 SD aMCI Peterson criterion (about

40–45% progressed to dementia). This is higher

than the PPV based on the liberal 1 SD inclusion

criterion (26% progression to dementia). The dif-

ference between the original (liberal) and the post

hoc operational criteria confirms that differences in

MCI criteria indeed can explain substantial variance

in progression rates from MCI to dementia reported

for different studies, in addition to sample compo-

sition (e.g., age, comorbidities, referral pathways).

However, in similarly composed samples, any of the

more restrictive operational criteria examined herein

should identify a group of subjects at a similar high

risk for clinical progression.

Regarding the differences between the operational

definitions, the overall accuracy (quantified by the

Youden’s index and the AUCs) in predicting the

risk of progression (quantified by HRs) to all-cause

dementia or AD dementia was highest for the base

rate correction, with generally small (but sometimes

statistically significant) differences in comparison to

the AUCs other criteria. With regard to prediction

of an AD biomarker profile, the base rate correc-

tion came out second, close to, and not inferior to,

the 1 SD aMCI criterion, and the AUC of both cri-

teria differed significantly from the AUCs for the

CERAD total score and the comprehensive criteria.

These findings validate the predictive value of the

base rate approach in a much larger sample than that

examined before by Mistridis et al. [5]. In a recent

reanalysis of ADNI data, Oltra-Cucarella et al. [30]

also found that the base rate approach to the classifica-

tion of MCI performed somewhat better in predicting

incident dementia than did other MCI criteria, in

terms of a high PPV and a balanced sensitivity and

specificity.

The base rate correction, and to a similar degree

also the CERAD total score, predicted all cause

dementia as well as AD dementia, despite being heav-

ily weighted for the AD-sensitive memory measures.

This may be a consequence of the memory concerns

being an initial selection criterion, and the fact that

a majority (67%) of the incident all-cause dementia

cases in our memory clinic sample received a diag-

nosis of AD-dementia, but it may also suggest that

these MCI definitions are clinically useful in gen-

eral, predicting progression even in non-AD patients

who attend a memory clinic. Furthermore, as both

the CERAD total score and the base rate approach

can aggregate several low scores from several differ-

ent tests, they are giving information about “probably

true” cognitive impairment.

In contrast to previous findings [11], the compre-

hensive criteria were not associated with a higher

predictive accuracy than was the aMCI criterion in

our sample. Rather, the aMCI criterion seems to
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be slightly better than the comprehensive criteria in

predicting a positive AD biomarker profile (quan-

tified by Youden’s index). This may be a result of

the fact that we used the same tests for all opera-

tional MCI definitions (including aMCI), rather than

contrasting the ADNI aMCI definition (based on the

Wechsler Logical Memory Test) with the comprehen-

sive criteria (using the Rey Auditory Verbal Learning

Test), as in [11] or in [30]. Further comparisons of dif-

ferent operational definitions in other samples, based

on identical neuropsychological measures, will be

useful to judge the merits of different definitions.

Cognitive assessment is increasingly used in com-

bination with biomarkers for individual diagnosis

and prognosis. When we asked which MCI crite-

rion would add the most information to a CSF AD

biomarker profile in terms of dementia prediction,

it were again the multidomain criteria (base rate

MCI, CERAD total score, and comprehensive cri-

teria) which performed best, which is not surprising

given the close association of amnestic MCI with AD.

Again, the base rate corrected MCI came out as the

best among equals (it added most to the CSF-based

prediction). In absolute terms, the combined predic-

tion of dementia by the A�42/tau ratio and the MCI

criteria achieved AUCs between 0.72 to 0.84, as com-

pared to AUCs of 0.68 to 0.72 without considering

biomarker information (Tables 6 and 7). It needs to

be stressed again that these numbers come from our

“liberal” MCI sample, where an unknown number of

memory clinic attendants was not included initially.

In unselected memory clinic samples, the combined

prediction would likely be higher.

The rates of reversion to normal cognition in

our patient sample ranged from 21–30%, somewhat

higher than expected for memory clinic samples,

where meta-analyses found average rates of 14%

[50]. Thomas et al. [51] found a one-year rever-

sion rate of 15.8%, when applying comprehensive

neuropsychological criteria (Jak/Bondi criteria) for

analyzing the degree of reverting MCI individuals

in ADNI. Various aspects seem to influence the

degree of reversion back to normal as summarized

by Thomas et al. [51], such as for example younger

age, better neuropsychological and functional perfor-

mance, amnestic and multiple domain MCI, absence

of APOE4 or absence of an biomarker profile indica-

tive of AD. We note that our sample was only mildly

impaired on average, and that the same norms were

applied for baseline and follow-up testing. Test repe-

tition effects might improve the scores of subjects at

second testing, sometimes below the MCI threshold.

The further analysis of these aspects in our sample

is beyond the scope of this manuscript. Importantly,

all criteria were similarly affected by possible test-

repetition effects.

In general, the return to a cognitive performance

within the normal range once the criteria for MCI

have been met supports the idea that MCI is a

heterogeneous condition with different courses or

trajectories [50]. Furthermore, even reverting indi-

viduals, rather than being only false positives, have

been found to remain at increased risk of future cog-

nitive decline and dementia compared to those who

have never met the criteria for MCI before [52, 53],

which emphasizes the prognostic value of an MCI

classification [53].

Implications

The probability of conversion to dementia within

three years, in subjects fulfilling any of the analyzed

operational definitions of mild NCD is substantial,

about 40%. Differences between the three operational

definitions using multiple tests were not pronounced

and varied with the outcome studied. Furthermore,

pairwise concordance is substantial (averaging 76%

across all pairwise comparisons). Thus, each of these

operational criteria may be used to specify the general

neuropsychological mild NCD criteria in clinical rou-

tine, e.g., for indicating the need for further diagnostic

procedures in those passing the threshold.

The risk of progression derived on the group level

for each operational definition can be used to gauge

the individual risk of progression, taking further risk

factors for progression into account. In addition, ful-

filling any of the criteria might also call for close

longitudinal monitoring and treatment efforts target-

ing other risk factors for progression to dementia,

such as hypertension or obesity.

Furthermore, each of these criteria could be used as

an adjunctive measure, on the one hand, to calibrate

differing local procedures to determine MCI/mild

NCD and, on the other hand, to verify the judgement

based on clinical assessment in memory clinics.

All operational criteria markedly improved the pre-

diction of a cross-sectional AD biomarker profile.

Using any of the criteria examined, the probability

of having an abnormal CSF A�42/tau ratio is over

50%. Using these criteria as inclusion criteria will

help to select subjects for clinical AD trials.

Finally, these criteria might be used to align MCI

definitions across studies with different inclusion cri-

teria for post hoc integrated data analyses.
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Considerations regarding the use of these

operational definitions

In general, the test battery used in this study is well

suited to depict all proposed criteria, as not only do the

number of tests and thresholds matter [4, 6], but the

characteristics of the subtest, such as the sensitivity

to impairment and the reliability of the measurement,

are also important.

As none of the studied operational criteria ap-

proaches was clearly superior to the others, prag-

matic considerations may determine which one to

use.

Where the CERAD test battery is integrated into

the neuropsychological test routine, like in many

European memory clinics, both the CERAD total

score and the base rate approach can be recommended

to derive a diagnosis of MCI, or to provide some “cal-

ibration” for the clinical judgment of the overall test

pattern.

For the sake of consistency, in this study we deter-

mined 1 SD as cutoff for cognitive impairment for

most operational criteria. However, within the base

rate correction approach [5] base rates are provided

for six thresholds of single test scores (≤2.32 SD,

≤–1.96 SD, ≤–1.48 SD, ≤–1.28 SD, ≤–1.0 SD,

≤–0.67 SD). It is unknown, which of these thresh-

olds might be superior in predicting conversion to

all-cause—or AD dementia or a biomarker profile

indicative for AD in our study and should be used

accordingly in memory clinics. Thus, in an additional

analysis (Supplementary Table 1), we compared these

six thresholds provided by Mistridis et al. and found

that the thresholds of 1 SD and 1.28 SD gave almost

identical results and were superior to other thresh-

olds in predicting the outcomes mentioned above.

This suggests that many mild deficits may carry

more diagnostic/prognostic information than fewer

pronounced deficits, even when the base rates are

properly adjusted. It also suggests that the base rate

correction approach, which came out favorably in the

present comparisons, works best with one of these

two thresholds.

In general, the application of the base rate approach

for defining cognitive impairment is not limited to the

CERAD test battery, but it requires the existence of

base rates calculated in normative controls. A limit-

ing factor is that this information is rarely available.

It is desirable that more test batteries provide this

information. Base rates for the NACC 3.0 UDS test

battery, based on NACC controls, have recently been

published by Kiselica at al. [29].

Our findings regarding the base rate correction

approach complement those of other working groups

[29–31]. For example, Oltra-Cucarella et al. [30]

found higher rates of conversion (PPVs) to demen-

tia for individuals classified as MCI by a base rate

approach with the number of impaired tests consid-

ered as for individuals classified by other operational

definitions such as the Petersen criteria and Jak/Bondi

criteria in ADNI.

The aMCI criterion, focusing on episodic mem-

ory only, continue to be a simple and valid method

when risk enrichment strategies are pursued in clini-

cal studies. However, these criterion does not capture

the multidomain assessment approach inherent in the

DSM-5 mild NCD definition. Another disadvantage

with the amnestic MCI approach is that executive

deficits may be among the first subtle signs of cogni-

tive decline [54] and that other MCI subtypes cannot

be identified with this criterion. Because of its close

association with AD biomarkers, aMCI is well suited

to preselect subjects for research studies on AD. How-

ever, in clinical settings, aMCI adds less information

to an AD biomarker profile than do the other MCI

criteria regarding a combined risk prediction.

In many settings where several tests reflecting

numerous cognitive domains are routinely used, the

comprehensive criteria might be advantageous. They

conceptually match the generic concept of mild NCD

as being agnostic to a specific etiology because only

the comprehensive criteria give equal emphasis to the

domains of memory, language, and executive func-

tion. Other operational definitions explored here were

geared toward typical AD deficits and give more

weight to episodic memory function (we have pre-

viously discussed that this weighting may be rational

given the prevalence of prodromal AD cases in a

memory clinic setting). Second, the application of

the comprehensive criteria is independent of a spe-

cific test score, a specific test battery, or the existence

of normative base rates. This flexibility is advan-

tageous for use in different memory clinics with

differing local assessments and in the challenging sit-

uation of harmonizing multiple study cohorts for joint

scientific analysis. The comprehensive criteria, how-

ever, do not consider visual cognition and attention

separately (although many executive tests, including

the TMTs, capture these domains), and would need

adaptation if more than three cognitive domains are

considered.

Despite each of the operational definitions exam-

ined herein has some limitations, all of them have the

major advantage of being explicit, in contrast to the
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poorly specified clinical judgement of a more or less

extensive neuropsychological test battery.

The operational MCI definitions studied here were

not exhaustive and represent a selection of criteria

currently in use. Thus, further comparative analy-

ses including other criteria (e.g., based on serial

assessment as suggested by NIA-AA [55]) will be

interesting in future studies.

Limitations and strengths of the present study

Although the three years of follow-up time in our

study represent a clinically relevant timeframe for a

memory clinic sample, longer periods of follow-up

would have been desirable for our study question,

especially given that subtle cognitive performance

deficits at baseline elevate uncertainty regarding clin-

ical progression. It should be noted that, due to the

preselection of memory clinic patients with at least

a 1 SD cognitive deficit on one test, specificity, NPV

and Youden’s index for all operational criteria are

systematically underestimated in our sample because

subjects without any cognitive deficit, who are also

unlikely to convert (true-negative cases), were sys-

tematically excluded (and not followed up). The same

preselection also will have excluded cases in an

early preclinical stage of a neurodegenerative disease

(false-negative cases). These cases, however, would

probably not convert to dementia within three years.

Thus, the exclusion of such false negatives unlikely

affected the reported values.

As our study sample was recruited from a memory

clinic, it represents a specific group of individuals,

which thus limits generalizability. Our sample con-

sists of individuals with mainly episodic memory

deficits, which is to be expected given that episodic

memory deficits are a clinical hallmark of AD as

the most common cause of dementia, accounting for

approximately 70% of all dementia cases. Our results

are also limited by the test battery applied in this study

and used for reclassification. A more extensive test

battery would have allowed for more distinct MCI

operationalizations, with a lower degree of pairwise

overlap. However, the CERAD-plus test battery, as a

frequently used battery in clinical practice, is suited to

depict all proposed criteria sufficiently and even with

the unavoidable overlap between our post hoc MCI

definitions, we were able to identify some suggestive

differences between them.

To conclude, our study provides comprehensive

empirical data about the prognostic accuracy of four

neuropsychological MCI/mild NCD criteria. The

operational criteria examined seem suitable to specify

mild NCD in memory clinic settings, as they identify

subjects at high risk of future clinical progression.

Depending on the neuropsychological battery in use,

one or several of these criteria might be useful in cali-

brating the clinical judgment of test results, reducing

false-positive decisions, and defining risk-enriched

clinical groups for clinical trials. The base rate cor-

rection approach for the definition of MCI seems to

have particular merits in terms of predictive validity

and might be considered as a good standard to define

MCI wherever normative base rates are available.
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E, Weyerer S, Werle J, Pentzek M, Fuchs A, Köhler M,
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