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Objective: The goals of this study were to establish prevalence of mild cognitive impairment (MCI)
subtypes in an outpatient memory clinic cohort using two different modes of MCI determination.
Design: Consecutive patients complaining of cognitive problems who came to the memory outpa-
tient clinic for assessment of a possible cognitive disorder were included in the study.
Setting: Academic medical center.
Participants: Six hundred eighty consecutive patients complaining about cognitive problems who
came to the memory outpatient clinic for assessment of a possible cognitive disorder and fulfilled
the inclusion criteria were included in the study. For 676 patients, sufficient data for MCI classifica-
tion were available.
Results: Categorizing MCI patients into MCI subtypes according to the minimum mode of MCI
classification revealed the following results: 106 patients (15.7%) were categorized as cognitively
healthy, whereas 570 patients (84.3%) met the criteria for MCI. MCI patients were subtyped as am-
nestic mild cognitive impairment (aMCI) single domain (31 patients; 4.6%), aMCI multiple domain
(226 patients; 33.4%), non-aMCI single domain (125 patients; 18.5%), and non-aMCI multiple do-
main (188 patients; 27.8%). Categorizing MCI patients into MCI subtypes according to the mean
mode of MCI classification revealed the following results: 409 patients (60.5%) were categorized
as cognitively healthy, whereas 267 patients (39.5%)met the criteria forMCI.MCI patients were sub-
typed as aMCI single domain (47 patients; 6.9%), aMCI multiple domain (57 patients; 8.5%), non-
aMCI single domain (97 patients; 14.3%), and non-aMCI multiple domain (66 patients; 9.8%).
Conclusion: MCI diagnosis frequencies are substantially affected by the criteria used for estimation
of MCI. The effect of modifying the presence of impairment on a single cognitive measure versus the
presence of impairment on a mean composite score of a certain domain differed considerably, ranging
from 39.5% to 84.3%, indicating the importance of the development of guidelines for operationaliz-
ing MCI.
� 2012 The Alzheimer’s Association. All rights reserved.
Keywords: Mild cognitive impairment subtypes; Neuropsychological testing; Dementia
uthor. Tel.: 0043-1-40400-3109; Fax: 0043-1-40400-

hann.Lehrner@meduniwien.ac.at

nt matter � 2012 The Alzheimer’s Association. All rights r

1.12.009
1. Introduction

During the past decade, the interest in the concept of mild
cognitive impairment (MCI), characterized as a clinical con-
dition with memory impairment with or without cognitive
eserved.
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impairment in other domains (amnestic mild cognitive im-
pairment [aMCI] multiple domain vs aMCI single domain),
has increased enormously [1,2]. Non-aMCI single domain
and non-aMCI multiple domain based on impairments in at-
tention, executive function, and language without memory
impairment have also been reported [3,4].

The characterization of different subtypes is defined pri-
marily through neuropsychological criteria. Because there is
no standard protocol for cognitive assessment in diagnosing
MCI, recent studies have operationally defined MCI criteria
in different ways, and the neuropsychological batteries used
in studies to date vary in a number of ways. The determina-
tion of abnormality on a neuropsychological test battery de-
pends on a number of parameters, including the nature of the
psychometric measures used, the number of test instruments
to the cognitive domain being investigated, the reliability of
individual measurers as compared with composite measures,
the quality of the normative data, and the statistical threshold
used to indicate impairment.

Currently, different procedures with differing numbers of
tests for assessing cognitive functions are used. For assessing
memory, different types of function (e.g., short-term mem-
ory vs long-term memory), different types of test material
and learning/memory concepts (e.g., verbal vs nonverbal;
verbal list learning and retention, prose paragraph recall,
and memory for visually presented designs) are used. Other
cognitive domains assessed beyond memory (e.g., language,
executive function, visuospatial/perceptual ability, and at-
tention) are tested by means of different measures. Addition-
ally, some researchers use one measure within a domain, and
others use more measures within a given domain [5]. Not
surprisingly, differing criteria lead to major variations in
the definition of MCI and its subtypes, and thus they pro-
duced a wide range of prevalence estimates and conversion
rates in memory disorder clinics and in population-based
studies [6,7].

The effect of changing a single factor, for example, the
adjustment of the statistical threshold (22 standard devia-
tions [SDs], 21.5 SDs, 21 SD) used to establish impair-
ment, has considerable effect on prevalence, progression
rates, and stability of MCI diagnosis, depending on whether
strict or liberal thresholds are implemented [5–8].

The effect of modifying other neuropsychological assess-
ment factors, such as the number of impaired tests necessary,
the type of score used (i.e., composite or singlemeasures), and
the number of tests administered, has only recently been in-
vestigated. Different criteria for determining impairment cal-
culating z-scores (criteria for determining the presence of
impairment on a single cognitive measure ,1.5 SDs vs
mean composite score of a domain,1.5 SDs) are used. The
few studies that have examined the impact of these decisions
have shown substantial effects on the frequency of diagnosed
cases of MCI v5,6,8–13]. In addition, using published norms
[8,14], as opposed to using norms of an own control group,
produced different MCI estimates [5,9,14]. Furthermore,
grouping tests variables into domains is most often done on
subjective grounds, and analyses to identify shared under-
lying constructs in the neuropsychological tests were rarely
performed [9]. The literature is further complicated by inher-
ent differences in sample sizes and population demographics
across studies [5]. These findings highlight the need for fur-
ther detailed investigation of neuropsychological assessment
parameters commonly used in population and clinical studies
to operationalize MCI.

To explore suitable methods of definingMCI, the goals of
the present study were to define a well-characterized, cogni-
tively intact control group, grouping tests into domains
(domain structure) using empirically validated methods; ex-
amine the distribution of impaired patients across neuropsy-
chological measures using norms of this control group; and
investigate two different approaches of MCI classification
for MCI subtyping, namely, “minimum mode” of MCI clas-
sification and “mean mode” of MCI classification. To the
best of our knowledge, these two modes of classification
have not been directly compared yet. We further compared
the two modes of MCI classification regarding MCI subtype
prevalence in our cohort and the relationship to age and sex.
We hypothesized that using the minimummode ofMCI clas-
sification will lead to a higher prevalence rate than using the
mean mode of MCI classification. Another question was
whether these MCI subtypes are different regarding cogni-
tive status.
2. Methods

2.1. Subjects and procedure

The current data are part of a larger research project, the
Vienna Conversion to Dementia Study. The Vienna Con-
version to Dementia Study is a prospective cohort study
encompassing consecutive, community-dwelling patients
complaining of cognitive problems who come to the mem-
ory outpatient clinic for assessment of a possible cognitive
disorder. The primary goal of the study was to determine
the prevalence of four clinical MCI subtypes, and the sec-
ondary goal was to evaluate conversion rates from MCI to
Alzheimer’s disease (AD) using four clinical MCI subtypes.
For the purpose of this article, we only present neuropsycho-
logical data regardingMCI subtypes. The study protocol was
in accordance with the Helsinki Declaration, and the Ethical
Committee of the Medical University of Vienna has ap-
proved it.

All patients received a complete neurological examina-
tion, standard laboratory blood tests, and psychometric test-
ing. Information from the relatives/caregivers of the patients
using standardized questionnaires was obtained. In most
cases, a computed tomography scan or magnetic resonance
imaging scan of the brain was obtained. In determining sig-
nificant cerebrovascular disease, both neuroimaging and
clinical patient features were used.

Inclusion and exclusion criteria were similar to other
studies. Patients were excluded from the study if any of
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the following conditions applied: (a) evidence of stroke, as
determined by neuroradiologic and clinical examination;
(b) history of severe head injury; (c) current psychiatric di-
agnosis according to International Classification of Dis-
eases, tenth revision [15] (however, patients with (sub)
depressive symptoms were included because (sub)depres-
sive symptoms often occur in elderly patients); (d) any med-
ical condition that leads to severe cognitive deterioration,
including renal, respiratory, cardiac, and hepatic disease;
and (e) diagnosis of dementia according to Diagnostic and
Statistical Manual of Mental Disorders, fourth edition [16].
2.2. MCI patients

Six hundred eighty consecutive patients complaining
about cognitive problems who came to the memory outpa-
tient clinic for assessment of a possible cognitive disorder
and fulfilled the inclusion criteria were included in the study.
Four patients had incomplete neuropsychological data owing
to fatigue or motivational problems. Thus, for 676 patients,
sufficient data for MCI classification were available. Patients
were either referred by physicians or were self-referrals. The
included area of the study was Vienna. Mean age of MCI pa-
tients was 66.96 9.5 years. Altogether, 41.1% of the patients
were male and 58.9% of the patients were female. Mean
years of formal education were 11.7 6 3.7. The median
Mini-Mental State Examination (MMSE) performance of
patients was 28 (range: 22–30).
2.3. Cognitively healthy control subjects

Great care was taken to enroll a sufficient number of cog-
nitively healthy control subjects living independently at
home. Control subjects were recruited by means of adver-
tisements. They underwent a rigorous screening evaluation
using standardized clinical interview and cognitive screen-
ing. Imaging procedures, neurological examination, stan-
dard laboratory blood tests, and informant reports were not
included in the evaluation. They were assessed as being in
good health. Criteria for healthy function were identified
as being similar to those in the Mayo research studies
[17,18]: (a) no active neurological or psychiatric disease,
(b) no psychotropic medications, and (c) the subjects may
have medical disorders but neither they nor their treatment
compromises cognitive function. Cognitive status was
given special attention, and cognitively healthy control
subjects were screened for intact cognition. They were
required to have an MMSE score �27 and a Montreal
Cognitive Assessment score �26, adjusted for education.
Control subjects did not complain about cognitive
problems. Adequate normative data using cognitively
healthy subjects (N 5 250) for the neuropsychological
measures were thus available. This normative sample will
be used to estimate the dependence of neuropsychological
test outcomes on age, education and gender as a basis of
z-score computation (see below).
2.4. Neuropsychological measures

All participants were subjected to the Neuropsychologi-
cal Test Battery Vienna (NTBV), which included attention,
executive functioning, language, and memory domains
[19–22]. The Alters-Konzentrations-Test [23], a geriatric
cancellation test; the digit-symbol subtest of the German
Wechsler Adult Intelligence Scale–Revised [24]; the symbol
counting task from the cerebral insufficiency test [25]; the
Trail Making Test B (TMTB) [26]; and the score difference
of the Trail Making Test A (TMTA) and TMTB [26] were
applied to assess attention. Executive functions were inves-
tigated using the TMTA [26], the Five-Point Test [27], the
maze test from the N€urnberger Alters Inventar test battery
[28], the Stroop test from the N€urnberger Alters Inventar
test battery [28], and the interference test from the cerebral
insufficiency test [25]. Naming as many words beginning
with the letters b, f, and l that came to mind within 1 minute
for each task was used to tap lexical verbal fluency. To test
language functions, we used verbal fluency tasks and
a confrontation naming task [29]. Naming as many animals,
supermarket items, and tools that came to mind within 1
minute for each task was used to tap semantic verbal fluency.
The modified Boston Naming Test [30] was used for assess-
ing naming capabilities. Episodic memory was tested using
the Verbal Selective Reminding Test [19] with the subtests of
immediate recall, total recall, delayed recall, and recognition
[31,32].

Cognitive testing for each patient lasted approximately
45 minutes. Testing was performed within one test session.
Cognitive function tests were selected to assess a broad
range of cognitive abilities commonly affected by AD and
other forms of dementia.

The ability of the NTBV subtests to detect AD dementia
has been established in a previous study, and we recently
published results for sensitivity, specificity, positive pre-
dicted value, and negative predicted value, and found very
good discrimination power for the NTBV in detecting AD
dementia. Specifically, comparing the predictive accuracy
using results from receiver operating characteristic curve
analyses (area under the curve), we found very good discrim-
inative power for single tests with an area under the curve
ranging from 0.79 for the modified Boston Naming Test to
0.99 for the Verbal Selective Reminding Test–delayed recall
[21] for patients with AD dementia versus cognitively
healthy control subjects.
2.5. MCI classification procedure

To characterize the neuropsychological profile of MCI pa-
tients, a z-score for each variablewas calculated that indicates
the relative degree of impairment from healthy in SD units,
thereby allowing direct comparison across different cognitive
tests. As age, education, and sex effects on cognitive variables
have been reported in the literature [33], z-scores for each
neuropsychological variable were estimated as depending



Table 1

A variable clustering procedure based on 250 cognitively healthy subjects

resulted in a six-cluster solution

Domain/Neuropsychological variable

R2 with

own

cluster

R2 with

next

closest

Domain 1/Attention

AKT time 0.70 0.14

AKT total/time 0.69 0.14

Trail Making Test—TMTB 0.58 0.18

Digit-symbol test (WAIS-R) 0.44 0.24

TMTB 2 TMTA difference 0.43 0.07

Symbols counting (C.I.) 0.38 0.19

Domain 2/Executive function—phonematic

verbal fluency

Phonematic verbal fluency PWT total words 0.98 0.10

Phonematic verbal fluency PWT l-words 0.72 0.08

Phonematic verbal fluency PWT f-words 0.66 0.07

Phonematic verbal fluency PWT b-words 0.64 0.09

Domain 3/Executive function—interference

Stroop color words 0.87 0.17

Stroop total/time 0.86 0.16

Interference (C.I.) time 0.68 0.30

Interference (C.I.) total/time 0.67 0.26

Stroop color words—colors 0.55 0.05

Stroop colors 0.55 0.24

Domain 4/Language

Semantic verbal fluency SWT total words 0.66 0.22

Semantic verbal fluency SWT supermarket

items

0.65 0.08

Semantic verbal fluency SWT animals 0.65 0.09

Semantic verbal fluency SWT tools 0.63 0.10

Boston Naming Test (mBNT) 0.05 0.02

Domain 5/Memory

Verbal memory total recall (VSRT) 0.78 0.08

Verbal memory immediate recall (VSRT) 0.72 0.03

Verbal memory delayed recall (VSRT) 0.63 0.07

Verbal memory recognition (VSRT) 0.21 0.02

Domain 6/Executive function—planning and

nonverbal fluency

Planning maze test—NAI time 0.82 0.13

Planning maze test—NAI total/time 0.77 0.11

Nonverbal fluency five-point test—total

correct

0.45 0.14

Trail Making Test—TMTA 0.43 0.19
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on these demographic variables based on the cognitive
healthy control sample. For this purpose, the flexible general-
ized additive models for location scale and shape (GAMLSS)
model class was used [34]. Adequate distribution functions
(normal, log-normal, Box-Cox power exponential, and
others), corresponding link functions, as well as adequate
transformations for age and years of formal schooling (linear,
polynomial, cubic splines) were determined for each
neuropsychological variable individually based on statistical
information criteria (Akaike Information Criterion, Schwarz-
Bayes Criterion) [34].

The domain structure of the NTBV was investigated em-
pirically by means of cluster analysis based on the cogni-
tively healthy subjects.The clustering into domains reflects
the correlation structure of the z-scores as implemented in
“proc varclus” of the software package SAS, version 9.2
(SAS Institute Inc., Cary, NC, 2002–2008). The variable
clustering procedure revealed a six-cluster solution defining
six domains for the 30 cognitive variables. The naming of the
domains is not meant to be absolute and is oriented toward
the most strongly correlated variables.

Table 1 presents the six clusters with cognitive variables
and corresponding R2 with its own cluster and R2 with the
next closest cluster.

Neurological examination, standard laboratory blood
tests, and radiological evaluation were performed approxi-
mately 2 weeks before neuropsychological testing. After
the completion of the evaluation, a consensus committee
meeting was held involving the neurologists, neuropsycholo-
gists, and other study personnel who had evaluated the pa-
tients to determine cognitive status of the participants. The
cognitive status of MCI subtypes was determined according
to the Peterson criteria, and the cutoff score used was 1.5
SDsbelow age- and education-corrected norms using the cog-
nitively healthy control subjects [18,35]. The attendees at this
meeting were presented the raw data and the z-scores of the
neuropsychological testing, but they were not informed
about the minimum and mean modes of MCI classification.
Nonverbal fluency five-point test—

perseverations

0.38 0.10

Abbreviations: AKT, Alters-Konzentrations-Test; WAIS-R, Wechsler

Adult Intelligence Scale–Revised; TMTA, Trail Making Test version A;

TMTB, Trail Making Test version B; NAI, N€urnberger Alters Inventar;

C.I., cerebral insufficiency test; VSRT, Verbal Selective Reminding Test;

mBNT, modified Boston Naming Test; PWT, Phonematische Wortfl€ussig-
keit; SWT, Semantische Wortfl€ussigkeit.
2.6. Modes of MCI classification for subtyping MCI:
Minimum mode of MCI classification and mean mode of
MCI classification

For the minimum mode of MCI classification, MCI pa-
tients were divided into five groups of patients based on
cognitive features as follows: cognitively healthy patients
(z-scores of each single test were greater than 21.5 SDs),
aMCI single domain patients (the z-score of at least onemem-
ory test was less than 21.5 SDs, all other z-scores were
greater than 21.5 SDs), aMCI multiple domain (the z-score
of at least one memory test was less than 21.5 SDs, and at
least one other z-score of the remaining tests was less than
21.5 SDs), non-aMCI single domain patients (there is exactly
one domain other than the memory domain where the mini-
mum of the z-scores within this domain was less than 21.5
SDs), and non-aMCI multiple domain patients (at least two
tests from different domains other than memory tests less
than 21.5 SDs). Thus, basically each domain was assessed
according to the minimum over the z-scores of all constituent
tests.

For the mean mode of MCI classification, MCI patients
were divided into five groups of patients based on cognitive
features as follows: cognitively healthy patients (mean z-
scores of each domain were greater than 21.5 SDs), aMCI
single domain patients (mean z-score of the memory domain
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was less than 21.5 SDs, all other mean z-scores of the re-
maining domains were greater than21.5 SDs), aMCI multi-
ple domain (themean z-score of thememory domain was less
than 21.5 SDs and at least one of the mean z-scores of the
remaining domains was less than21.5 SDs), non-aMCI sin-
gle domain patients (there is exactly one domain other than
the memory domain where the mean of the z-scores was
less than21.5 SDs), and non-aMCImultiple domain patients
(mean z-scores of at least two domains other than memory
domain were less than 21.5 SDs). Thus, each domain was
assessed according to the mean over the z-scores of all con-
stituent tests.

2.7. Statistical methods

Demographic variables are described by means and SDs,
except MMSE scores, which are presented as median and
range owing to the skewed distribution of this variable. Z-
scores of the neuropsychological test variables are described
by means and SDs.
Table 2

Mean z-scores with standard deviations for each neuropsychological variable and c

in total MCI patients sample (N 5 676)

Domain/Neuropsychological variable Z-s

Domain 1/Attention

AKT time 20

AKT total/time 20

Trail Making Test—TMTB 20

Digit-symbol test (WAIS-R) 20

TMTB 2 TMTA difference 20

Symbols counting (C.I.) 0

Domain 2/Executive function—phonematic verbal fluency

Phonematic verbal fluency PWT total words 20

Phonematic verbal fluency PWT l-words 20

Phonematic verbal fluency PWT f-words 20

Phonematic verbal fluency PWT b-words 20

Domain 3/Executive function—interference

Stroop color words 0

Stroop total/time 20

Interference (C.I.) time 20

Interference (C.I.) total/time 20

Stroop color words—colors 20

Stroop colors 20

Domain 4/Language

Semantic verbal fluency SWT total words 20

Semantic verbal fluency SWT supermarket items 20

Semantic verbal fluency SWT animals 20

Semantic verbal fluency SWT tools 20

Boston Naming Test (mBNT) 20

Domain 5/Memory

Verbal memory total recall (VSRT) 20

Verbal memory immediate recall (VSRT) 20

Verbal memory delayed recall (VSRT) 20

Verbal memory recognition (VSRT) 20

Domain 6/Executive function—planning and nonverbal fluency

Planning maze test—NAI time 0

Planning maze test—NAI total/time 0

Nonverbal fluency five-point test—total correct 20

Trail Making Test—TMTA 20

Nonverbal fluency five-point test—perseverations 20
To compare z-scores of neuropsychological variables be-
tween subtypes, 1-way analyses of variance have been com-
puted. Uncorrected P values are given and significance
according to the method of Bonferroni–Holm for multiplicity
correction (for 30 neuropsychological variables) is indicated.

To test for a potential influence of age, sex, and years of
formal schooling on the proportion of patients classified as
MCI, a multivariate logistic regression model was used
(with age and schooling treated as scale variables).

The reported P values are the results of two-sided tests. P
values �.05 were considered to be statistically significant.
All computations were performed using SAS software ver-
sion 9.2, except GAMLSS estimation, which was done using
R 2.11.1 (R Development Core Team, Vienna, Austria,
2010).

3. Results

Z-score values of the cognitive variables are presented as
mean and SD in Table 2 for the total MCI patient sample. For
orresponding frequency of patients showing performance less than21.5 SDs

core 6 SD

Number of

impaired patients

Percentage of

impaired patients

.05 6 1.32 83 12.3

.08 6 1.28 85 12.6

.59 6 1.40 161 23.8

.29 6 1.07 81 12.0

.68 6 1.63 170 25.2

.39 6 1.23 44 6.5

.45 6 1.56 131 19.4

.28 6 1.43 97 14.4

.26 6 1.32 115 17.1

.49 6 1.48 147 21.8

.13 6 1.35 104 15.4

.25 6 1.25 109 16.1

.11 6 1.29 87 12.9

.13 6 1.39 102 15.1

.25 6 1.83 125 18.5

.28 6 1.28 79 11.7

.22 6 1.34 96 14.2

.16 6 1.22 86 12.7

.29 6 1.61 110 16.3

.03 6 1.05 48 7.1

.96 6 0.88 169 25

.44 6 1.07 98 14.5

.50 6 1.14 120 17.8

.57 6 1.28 134 19.8

.89 6 0.93 146 21.6

.01 6 1.36 81 12.0

.03 6 1.25 77 11.4

.21 6 1.29 111 16.4

.17 6 1.18 98 14.5

.49 6 1.00 106 15.7
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each cognitive variable, the frequency of patients showing
impaired performance (defined as performing at least 1.5
SDs below of the age-, sex-, and schooling-specific healthy
control medians) is also reported in Table 2.

Categorizing MCI patients into MCI subtypes according
to the minimummode of MCI classification revealed the fol-
lowing results: 106 patients (15.7%) were categorized as
cognitively healthy, whereas 570 patients (84.3%) met the
criteria forMCI.MCI patients were subtyped as aMCI single
domain (31 patients; 4.6%), aMCI multiple domain (226 pa-
tients; 33.4%), non-aMCI single domain (125 patients;
18.5%), and non-aMCI multiple domain (188 patients;
Fig. 1. Mean domain z-scores across mild cognitive impairment (MCI) sub-

types for minimum mode classification and mean mode classification. (A)

Minimummode MCI classification across MCI subtypes. Each patient’s in-

dividual minimumwithin a cluster is calculated, then mean and standard er-

ror of these minima are calculated across all patients. (B) Mean mode MCI

classification across MCI subtypes. Each patient’s individual mean within

a cluster is calculated, then mean and standard error of these means are cal-

culated across all patients.
27.8%). Figure 1A displays corresponding results for mean
domain z-scores across MCI subtypes.

Categorizing MCI patients into MCI subtypes according
to the mean mode of MCI classification revealed the follow-
ing results: 409 patients (60.5%) were categorized as cogni-
tively healthy, whereas 267 patients (39.5%) met the criteria
forMCI.MCI patients were subtyped as aMCI single domain
(47 patients; 6.9%), aMCI multiple domain (57 patients;
8.5%), non-aMCI single domain (97 patients; 14.3%), and
non-aMCI multiple domain (66 patients; 9.8%). Figure 1B
displays corresponding results for mean domain z-scores
across MCI subtypes.

For the minimum mode of MCI classification, statistical
analyses for z-scores of all neuropsychological variables
revealed significant subtype differences after Bonferroni–
Holm correction (all corrected P , .05). See Table 3 for
details of MCI subtypes.

For the mean mode of MCI classification, statistical
analyses for z-scores of all neuropsychological variables
revealed significant subtype differences after Bonferroni–
Holm correction (all corrected P , .05). See Table 4 for
details of MCI subtypes.

In the total sample the proportion of amnestic and non-am-
nestic subtypes was 38.0% and 46.3%, respectively, for the
minimum mode of MCI classification and 15.4% vs. 24.1%
for the mean mode. As can be seen from Figures 2A to 2D
there is no clear trend over age with respect to subtype classi-
fication in either gender or mode of MCI classification. For
the minimum mode of MCI classification, a logistic regres-
sion analysis showed no significant influence of age or years
of formal schooling on the proportion of MCI patients (P 5
.108 and P 5 .104, respectively), whereas women showed
a significantly higher risk for MCI (odds ratio 5 1.60, P 5
.032). For the mean mode of MCI classification, a logistic re-
gression analysis showed no significant influence of age, sex,
or years of formal schooling on the proportion of MCI pa-
tients (P 5 .097, P 5 .954, and P 5 .063, respectively).
4. Discussion

In the present study, we examined different decision cri-
teria on generating neuropsychological diagnoses of MCI in
a large sample of elderly individuals participating in a longi-
tudinal study of cognitive decline and dementia. We made
a great effort to enroll a sufficient and well-characterized
cognitively healthy control group who underwent a rigorous
screening evaluation. We also used state-of-the-art statistical
procedures (GAMLSS estimation) for calculating z-scores
of the neuropsychological variables depending on age, sex,
and education, and grouped these variables into cognitive
domains by means of cluster analysis. In contrast to an a pri-
ori postulated domain structure, from a statistical point of
view, our empirical approach optimally reflects the informa-
tion contained in the data of the normative sample at hand.

We found that the percentage of impaired patients in sin-
gle tests was rather low, ranging from 6.5% for the task of



Table 3

Z-scores with standard deviations for each neuropsychological variable for minimum mode MCI classification procedure

Domain/Neuropsychological variable

CN

N 5 106

aMCI SD

N 5 31

aMCI MD

N 5 226

Non-aMCI SD

N 5 125

Non-aMCI MD

N 5 188 P value

Domain 1/Attention

AKT timec,e,f,h,i,k 0.78 6 1.01 0.41 6 0.79 20.43 6 1.42 0.44 6 0.90 20.48 6 1.31 ,.001*

AKT total/timec,e,f,h,i,k 0.75 6 0.96 0.40 6 0.75 20.47 6 1.37 0.42 6 0.86 20.50 6 1.24 ,.001*

Trail Making Test–TMTBc,e,f,h,i,k 0.45 6 0.92 0.16 6 0.80 21.04 6 1.44 0.01 6 1.02 21.15 6 1.34 ,.001*

Digit-symbol test (WAIS-R)c,e,f,h,i,k 0.37 6 0.94 0.21 6 0.74 20.60 6 1.18 0.15 6 0.85 20.67 6 0.85 ,.001*

TMTB 2 TMTA differencec,e,f,h,i,k 0.29 6 1.12 0.09 6 0.90 21.11 6 1.76 20.13 6 1.10 21.21 6 1.70 ,.001*

Symbols counting (C.I.)c,e,f,i,k 0.95 6 0.89 0.79 6 0.81 20.05 6 1.38 0.95 6 0.93 0.19 6 1.15 ,.001*

Minimum score attentiony 20.36 6 0.70 20.53 6 0.50 21.88 6 1.47 20.67 6 0.90 21.91 6 1.38

Domain 2/Executive function—phonematic verbal fluency

Phonematic verbal fluency PWT total wordsc,e,f,h,i,k 0.60 6 0.87 0.45 6 0.98 21.08 6 1.72 0.22 6 1.08 20.88 6 1.46 ,.001*

Phonematic verbal fluency PWT l-wordsc,e,f,h,i,k 0.57 6 0.77 0.34 6 0.87 20.80 6 1.67 0.27 6 0.86 20.61 6 1.42 ,.001*

Phonematic verbal fluency PWT f-wordsc,e,f,h,i,k 0.55 6 1.13 0.57 6 1.18 20.70 6 1.24 0.17 6 1.26 20.62 6 1.20 ,.001*

Phonematic verbal fluency PWT b-wordsc,e,f,g,h,i,k 0.37 6 0.86 0.37 6 0.79 21.07 6 1.58 0.08 6 1.26 20.79 6 1.44 ,.001*

Minimum score phonematic verbal fluencyy 20.11 6 0.72 20.20 6 0.82 21.73 6 1.69 20.56 6 1.03 21.55 6 1.43

Domain 3/Executive function—interference

Stroop color wordsc,e,f,h,i,k 0.55 6 0.88 0.24 6 0.92 20.75 6 1.34 0.34 6 1.09 20.69 6 1.14 ,.001*

Stroop total/timec,e,f,h,i,k 0.60 6 0.99 0.20 6 0.95 20.67 6 1.20 0.30 6 1.17 20.68 6 1.11 ,.001*

Interference (C.I.) timec,e,f,h,i,k 0.68 6 0.98 0.72 6 0.57 20.50 6 1.39 0.42 6 0.99 20.60 6 1.17 ,.001*

Interference (C.I.) total/timec,e,f,h,i,k 0.72 6 1.08 0.77 6 0.67 20.53 6 1.48 0.42 6 1.09 20.64 6 1.27 ,.001*

Stroop color words—colorsc,e,i,k 0.29 6 0.83 0.21 6 1.20 20.58 6 1.82 0.23 6 2.01 20.54 6 2.05 ,.001*

Stroop colorsc,e,f,i,k 0.92 6 1.28 0.45 6 1.02 20.29 6 1.37 0.64 6 1.00 20.20 6 1.30 ,.001*

Minimum score interferencey 20.16 6 0.68 20.42 6 0.70 21.52 6 1.34 20.48 6 0.95 21.52 6 1.10

Domain 4/Language

Semantic verbal fluency SWT total wordsc,e,f,h,i,k 0.73 6 0.92 0.25 6 0.77 20.83 6 1.41 0.41 6 1.01 20.54 6 1.24 ,.001*

Semantic verbal fluency SWT supermarket itemsc,e,f,i,k 0.58 6 1.09 20.01 6 0.92 20.59 6 1.20 0.29 6 1.14 20.38 6 1.12 ,.001*

Semantic verbal fluency SWT animalsc,e,f,i,j,k 0.76 6 1.15 0.22 6 0.88 21.01 6 1.83 0.32 6 1.13 20.52 6 1.43 ,.001*

Semantic verbal fluency SWT toolsc,e,f,i,k 0.48 6 0.93 0.20 6 0.76 20.35 6 1.02 0.37 6 0.98 20.23 6 1.04 ,.001*

Boston Naming Test (mBNT)c,d,e,f,h,k 20.47 6 0.48 20.51 6 0.58 21.11 6 0.93 20.89 6 0.76 21.17 6 0.99 ,.001*

Minimum score languagey 20.65 6 0.46 20.83 6 0.48 22.02 6 1.35 21.12 6 0.66 21.81 6 1.11

Domain 5/Memory

Verbal memory total recall (VSRT)b,c,d,g,h,i,j 0.16 6 0.93 20.84 6 1.15 21.21 6 0.95 0.06 6 0.83 20.10 6 0.83 ,.001*

Verbal memory immediate recall (VSRT)b,c,e,f,g,h,i,j,k 0.40 6 0.79 20.99 6 0.91 21.48 6 1.03 0.13 6 0.78 20.16 6 0.70 ,.001*

Verbal memory delayed recall (VSRT)b,c,d,e,g,h,i,j 0.38 6 0.87 21.35 6 1.11 21.59 6 1.28 0.04 6 0.86 20.17 6 0.76 ,.001*

Verbal memory recognition (VSRT)b,c,g,h,i,j 20.42 6 0.50 21.69 6 0.93 21.60 6 1.02 20.49 6 0.50 20.45 6 0.51 ,.001*

Minimum score memoryy 20.65 6 0.45 22.35 6 0.70 22.49 6 0.91 20.76 6 0.47 20.87 6 0.40

Domain 6/Executive function–planning and nonverbal fluency

Planning maze test—NAI timec,e,f,h,i,k 0.77 6 0.91 0.50 6 0.98 20.32 6 1.43 0.39 6 1.28 20.34 6 1.33 ,.001*

Planning maze test—NAI total/timec,e,f,h,i,k 0.73 6 0.97 0.54 6 1.07 20.26 6 1.25 0.37 6 1.22 20.34 6 1.21 ,.001*

Nonverbal fluency five-point test—total correctc,e,f,h,i,k 0.35 6 0.95 0.36 6 0.95 20.58 6 1.43 0.24 6 1.04 20.49 6 1.24 ,.001*

Trail Making Test—TMTAc,d,e,f,h,i,k 0.60 6 0.96 0.31 6 0.89 20.49 6 1.25 0.17 6 0.89 20.53 6 1.12 ,.001*

Nonverbal fluency five-point test—perseverationsc,d,e 20.17 6 0.60 20.27 6 0.64 20.57 6 1.08 20.58 6 1.09 20.57 6 1.03 .003*

Minimum score planning and nonverbal fluencyy 20.54 6 0.59 20.73 6 0.45 21.81 6 1.02 21.20 6 1.00 21.81 6 0.90

Abbreviations: CN, cognitively healthy; aMCI SD, amnestic MCI single domain; aMCI MD, amnestic MCI multiple domain; non-aMCI SD, nonamnestic

MCI single domain; non-aMCI MD, nonamnestic MCI multiple domain.

NOTE. Significant pairwise comparisons after Tukey correction: bCN vs. a-MCI SD; cCN vs. a-MCI MD; dCN vs. Non a-MCI SD; eCN vs. Non a-MCI MD;
fa-MCI SD vs. a-MCI MD; ga-MCI SD vs. Non a-MCI SD; ha-MCI SD vs. Non a-MCI MD; ia-MCI MD vs. Non a-MCI SD; ja-MCI MD vs. Non a-MCI MD;
kNon a-MCI SD vs. Non a-MCI MD.

*Significant difference between subtypes after multiplicity correction according to the method by Bonferroni and Holm.
yEach patient’s individual minimum within a cluster is calculated, then mean and SD of these minima are calculated across all patients.
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symbol counting to 25.2% for the TMTB minus TMTA
score. Memory tasks were in between, indicating that pa-
tients did not show impairments only in memory but also
in other cognitive tasks. Thus, selective memory impairment
is rather rare, with patients reporting memory problems
showing a wide range of cognitive impairments. This result
corroborates previous reports [4].

To investigate the effect of different MCI criteria on MCI
subtype prevalence, we investigated two different ap-
proaches to MCI subtype classification. One method classi-
fiedMCIwhen the z-score of at least one single cognitive test
(variable) was less than 21.5 SDs, the so-called minimum
mode. In the other approach, the mean mode, the criteria
were qualified as MCI when the z-score of the mean of all
cognitive variables within one specific domain, for example,
memory, was less than21.5 SDs. Not surprisingly, based on
the definition of the subtyping procedure, different MCI
classifications resulted. By means of minimum mode,



Table 4

Z-scores with standard deviations for each neuropsychological variable for mean mode MCI classification procedure

Domain/Neuropsychological variable

CN

N 5 409

aMCI SD

N 5 47

aMCI MD

N 5 57

Non-aMCI SD

N 5 97

Non-aMCI MD

N 5 66 P value

Domain 1/Attention

AKT timec,e,f,h,i,k 0.36 6 1.01 0.22 6 0.93 21.05 6 1.47 20.38 6 1.37 21.50 6 1.44 ,.001*

AKT total/timec,e,f,h,i,k 0.33 6 0.98 0.12 6 0.93 21.06 6 1.45 20.44 6 1.30 21.45 6 1.37 ,.001*

Trail Making Test—TMTBc,d,e,f,h,i,k 20.10 6 1.13 20.11 6 1.04 22.02 6 1.41 21.10 6 1.30 21.98 6 1.24 ,.001*

Digit-symbol test (WAIS-R)c,e,f,h,i,k 0.05 6 0.94 20.19 6 1.06 21.37 6 1.11 20.65 6 0.85 21.04 6 0.94 ,.001*

TMTB 2 TMTA differencec,e,f,h,i,k 20.22 6 1.28 20.05 6 1.44 22.06 6 1.77 21.15 6 1.83 22.07 6 1.60 ,.001*

Symbols counting (C.I.)c,e,f,g,h,i,k 0.77 6 1.03 0.06 6 1.26 20.42 6 1.31 0.24 6 0.96 20.78 6 1.40 ,.001*

Mean score attentiony 0.20 6 0.77 0.02 6 0.66 21.33 6 1.13 20.59 6 0.86 21.49 6 0.96

Domain 2/Executive function—phonematic verbal fluency

Phonematic verbal fluency PWT total wordsc,e,f,h,i,k 0.21 6 1.03 20.09 6 0.88 21.91 6 1.97 21.27 6 1.36 22.30 6 1.65 ,.001*

Phonematic verbal fluency PWT l-wordsc,e,f,h,i,k 0.25 6 0.91 0.02 6 0.90 21.54 6 2.13 20.92 6 1.39 21.81 6 1.62 ,.001*

Phonematic verbal fluency PWT f-wordsc,e,f,h,i,k 0.20 6 1.23 20.06 6 1.02 21.18 6 1.18 20.95 6 1.05 21.46 6 0.87 ,.001*

Phonematic verbal fluency PWT b-wordsc,e,f,h,i,k 0.07 6 1.13 20.19 6 0.94 21.74 6 1.82 21.21 6 1.34 22.03 6 1.44 ,.001*

Mean score phonematic verbal fluencyy 0.18 6 0.87 20.08 6 0.78 21.61 6 1.59 21.10 6 1.09 21.92 6 1.28

Domain 3/Executive function—interference

Stroop color wordsc,e,f,h,i,k 0.16 6 1.07 20.23 6 0.86 21.49 6 1.43 20.63 6 1.08 21.50 6 1.24 ,.001*

Stroop total/timec,e,f,h,i,k 0.15 6 1.14 20.26 6 0.88 21.36 6 1.26 20.64 6 0.98 21.24 6 1.17 ,.001*

Interference (C.I.) timec,e,f,h,i,k 0.32 6 1.06 0.10 6 0.93 20.97 6 1.45 20.55 6 1.07 21.60 6 1.35 ,.001*

Interference (C.I.) total/timec,e,f,h,i,k 0.33 6 1.15 0.13 6 1.05 21.01 6 1.50 20.62 6 1.21 21.66 6 1.44 ,.001*

Stroop color words—colorsc,e,i,k 0.09 6 1.75 20.16 6 1.54 21.45 6 1.45 20.48 6 1.73 21.00 6 2.25 ,.001*

Stroop colors 0.51 6 1.21 0.22 6 1.27 20.74 6 1.29 20.16 6 1.16 21.09 6 1.36 ,.001*

Mean score interferencey 0.25 6 0.90 20.04 6 0.73 21.18 6 1.21 20.53 6 0.85 21.36 6 1.06

Domain 4/Language

Semantic verbal fluency SWT total wordsc,e,f,g,h,i,k 0.27 6 1.11 20.12 6 0.88 21.64 6 1.19 20.52 6 1.19 21.71 6 1.21 ,.001*

Semantic verbal fluency SWT supermarket itemsc,e,i,k 0.22 6 1.15 20.22 6 1.02 21.22 6 0.92 20.41 6 1.13 21.18 6 0.85 ,.001*

Semantic verbal fluency SWT animalsc,e,f,h,i,j,k 0.26 6 1.20 20.11 6 0.97 21.95 6 1.80 20.64 6 1.51 21.95 6 1.94 ,.001*

Semantic verbal fluency SWT toolsc,e,f,g,i,k 0.26 6 0.97 20.11 6 0.97 20.66 6 0.86 20.25 6 1.09 20.88 6 0.86 ,.001*

Boston Naming Test (mBNT)c,d,e,f,h,k 20.85 6 0.79 20.89 6 0.74 21.20 6 0.95 21.02 6 1.02 21.39 6 1.08 ,.001*

Mean score languagey 0.19 6 0.85 20.19 6 0.66 21.37 6 0.96 20.50 6 0.97 21.44 6 0.95

Domain 5/Memory

Verbal memory total recall (VSRT)b,c,e,f,g,h,i,j,k 20.08 6 0.94 21.57 6 0.86 21.90 6 0.74 20.45 6 0.84 20.53 6 0.86 ,.001*

Verbal memory immediate recall (VSRT)b,c,e,g,h,i,j 20.03 6 0.88 22.09 6 1.07 22.20 6 0.78 20.53 6 0.75 20.79 6 0.74 ,.001*

Verbal memory delayed recall (VSRT)b,c,d,e,g,h,i,j,k 20.10 6 0.98 22.60 6 1.25 22.45 6 0.96 20.40 6 0.79 20.72 6 0.80 ,.001*

Verbal memory recognition (VSRT)b,c,g,h,i,j 20.67 6 0.70 22.12 6 1.12 21.96 6 0.96 20.66 6 0.71 20.83 6 0.95 ,.001*

Mean score memoryy 20.16 6 0.69 22.08 6 0.46 22.14 6 0.50 20.49 6 0.56 20.70 6 0.55

Domain 6/Executive function—planning and nonverbal fluency

Planning maze test—NAI timec,e,f,h,i,k 0.41 6 1.08 0.18 6 1.22 20.83 6 1.62 20.46 6 1.36 21.15 6 1.55 ,.001*

Planning maze test—NAI total/timec,e,f,h,i,k 0.39 6 1.08 0.20 6 1.22 20.68 6 1.27 20.44 6 1.19 21.01 6 1.33 ,.001*

Nonverbal fluency five-point test—total correctc,e,f,h,i,k 0.21 6 1.10 20.27 6 1.11 21.11 6 1.57 20.64 6 1.08 21.41 6 1.16 ,.001*

Trail Making Test—TMTAc,d,e,f,h,i,k 0.18 6 1.03 0.04 6 1.02 21.11 6 1.31 20.53 6 0.98 21.15 6 1.17 ,.001*

Nonverbal fluency five-point test—perseverationsc,d,e 20.53 6 1.05 20.79 6 0.93 20.42 6 1.03 20.45 6 0.89 20.17 6 0.76 .003*

Mean score planning and nonverbal fluencyy 0.36 6 0.88 0.10 6 0.95 20.94 6 1.24 20.51 6 0.95 21.22 6 1.06

NOTE. Significant pairwise comparisons after Tukey correction: bCN vs. a-MCI SD; cCN vs. a-MCI MD; dCN vs. Non a-MCI SD; eCN vs. Non a-MCI MD;
fa-MCI SD vs. a-MCI MD; ga-MCI SD vs. Non a-MCI SD; ha-MCI SD vs. Non a-MCI MD; ia-MCI MD vs. Non a-MCI SD; ja-MCI MD vs. Non a-MCI MD;
kNon a-MCI SD vs. Non a-MCI MD.

*Significant difference between subtypes after multiplicity correction according to the method by Bonferroni and Holm.
yEach patient’s individual mean within a cluster is calculated, then mean and SD of these means are calculated across all patients.
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84.3% of patients met the criteria for MCI, and by means of
the mean mode, only 39.5% met the MCI criteria. Neverthe-
less, the relation of amnestic to non-amnestic MCI subtypes
was similar for the two subtyping procedures (38.0% vs.
46.3% for the minimum mode and 15.4% vs. 24.1% for
the mean mode).

When comparing the MCI prevalence rate of our cohort,
considering both modes in the prevalence of MCI in
population-based epidemiological and clinic-based studies,
we found a wide range of prevalence rates. Prevalence
rates of MCI varied widely depending on the impairment
criteria ranging from 4% to 70% and were strongly af-
fected by the choice of neuropsychological assessment
parameters [12,14].

Nordlund et al [36] found that memory impairment
alone or impairment in one cognitive domain alone is
a rather benign condition. However, the 2-year outcome
of patients with impairment in several cognitive domains
is associated with more severe progression to dementia.
Furthermore, they showed that subjects who progressed
to dementia did not always show memory problems at
the baseline. Therefore, a clinical examination including



Fig. 2. Prevalence of MCI subtypes across mode of MCI subtype classification, age-group, and sex. (A) Prevalence of MCI subtypes in males across age-group

using minimum mode MCI subtype classification. (B) Prevalence of MCI subtypes in females across age-group using minimum mode MCI subtype classifi-

cation. (C) Prevalence of MCI subtypes in males across age-group using mean mode MCI subtype classification. (D) Prevalence of MCI subtypes in females

across age-group using mean mode MCI subtype classification.

G. Pusswald et al. / Alzheimer’s & Dementia - (2012) 1–11 9
neuropsychological standard tests of multiple domains is
indispensable for detecting individuals at high risk of con-
verting to dementia.
Recently, computerized cognitive assessment was intro-
duced for MCI [37]. Such assessment offers a briefer,
more objective, and precise alternative to traditional testing.
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Moreover, comparison to age- and education-appropriate
norms may be computed automatically. Specifically, an
Excel-based program to compute z-scores is available from
the authors.

We also explored the relation of mode of MCI classifica-
tion, age, and sex on prevalence of MCI subtypes in our co-
hort of memory clinic outpatients. We only found a higher
prevalence of MCI in women when using the minimum
mode of classification. This result is in stark contrast to
a recent population-based study [38]. Differences in study
population may account for that result. We can only specu-
late that men came later to the clinic for evaluation and there-
fore are more progressed and perhaps have received the AD
diagnosis more often. That could be one reason why we
found a lower male MCI prevalence than other research
groups investigating populations samples. Another explana-
tion for that effect could be that women and men have sex-
specific cognitive reserve. For example, females performed
better on verbal episodic memory tasks, whereas males
showed better results in visuospatial episodic memory
[39]. We detected no effect of age and years of formal
schooling on MCI prevalence. This finding comes rather un-
expected and needs to be investigated further. One reason
could possibly be that our patients had not been sampled
from the general population but from a memory outpatient
clinic where the distribution of MCI subtypes could approx-
imately be more similar between subgroups of same age and
education.

As in most clinical studies, the current study has also
some limitations that should be addressed. Our cohort is
very specific, and the results may not be generalizable to
the general population. Population studies outside special-
ized memory clinics are necessary to ensure ecological val-
idity of the results. The definition of high-risk populations is
of utmost importance. Incidence rates of dementia are highly
elevated among cases with MCI compared with the general
population, confirming that MCI comprises a high-risk pop-
ulation [40]. The characterization of MCI subtypes is very
important because they can help understand the natural pro-
gression of patients perceiving cognitive problems. Visuo-
spatial processing is an important domain in the
assessment of MCI, and results for such measures have not
been reported in this article because such measurers had
been introduced at a later time point in the formal process
of neuropsychological assessment at our institution, and
therefore not enough data are yet available to perform mean-
ingful statistical analyses.

Finally, follow-up studies determining conversion to de-
mentia should be performed to investigate the usefulness of
different modal MCI classification schemes and to establish
best cutoff scores for neuropsychological testing and effects
of age, sex, and education on the development of dementia in
MCI patients.

In a previous study with a small sample size [20], we
found for the measurers of sensitivity, specificity, positive
and negative predicted values, percentage of correctly pre-
dicted patients using the minimum mode of MCI classifica-
tion for the categorical variable of aMCI versus a cognitively
healthy control group, a sensitivity of 0.64, a specificity of
0.86, a positive predicted value of 0.41, a negative predicted
value of 0.94, and percentage correctly predicted of 83.0.
Further study regarding the predictive validity of different
MCI classifications in terms of dementia prediction is neces-
sary. Such an investigation is being currently performed at
our institution.

In conclusion, patients reporting cognitive problems
and seeking help in a memory outpatient clinic, albeit hav-
ing no clinical dementia, show a wide range of cognitive
impairments.
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