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Abstract.

Background: In neuropsychology and neurology, there is no consensus on the definition of abnormal cognition.
Objective: To operationally define ‘abnormal cognition’ for optimally predicting progression to dementia in a memory clinic
sample, and to test whether multivariate profile analysis of cognitive test results improves this prediction compared to standard
clinical evaluation.

Methods: We used longitudinal data from 835 non-demented patients of the Amsterdam Dementia Cohort. For 10 cognitive
measures at baseline, we determined which number of abnormal tests and which magnitude of score deviations best predicted
progression.

Results: Predictive ability for progression to dementia of one, two, and three abnormal test scores out of 10 is highly similar
(Cox hazard ratios: 3.7—4.1) provided cut-off values are adapted appropriately. Cut-offs have to be less stringent if the number
of abnormal tests required increases: the optimal cut-off is z <—1.45 when one deviating score is required, z<—1.15 when two
abnormal tests are required, and z <—0.70 when three abnormal tests are required. The profile analysis has similar predictive
ability at the cut-off of p<0.22 (hazard ratio 3.8). A likelihood ratio test showed that this analysis improves prediction of
progression to dementia when added to standard clinical evaluation (p <0.001).

Conclusion: Abnormal cognition may be defined as one, two, or three abnormal test scores out of 10 if the magnitude of
score deviations is adapted accordingly. An abnormal score profile predicts decline to dementia equally well, and improves
the prediction when used complimentary to standard clinical evaluation.
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INTRODUCTION

In clinical neuropsychology and neurology, there
is no consensus on a single definition of abnormal
cognition. Many definitions have been coined, such
as benign senescent forgetfulness [1], age-associated
memory impairment [2], cognitive impairment, no
dementia [3], age-associated cognitive decline [4],
and subtle cognitive decline [S5]. Today, mild cogni-
tive impairment (MCI) is probably the widest known
concept [6, 7]. In the DSM-5 this corresponds to
Minor Neurocognitive Disorder [8].

Apart from this lack of consensus on how to con-
ceptually define abnormal cognition, an operational
definition of abnormal cognition is complicated by
some technical aspects. First, there is no consen-
sus on the minimally required deviation of cognitive
test scores (i.e., how many standard deviations [SD]
below the mean). Typically, in the context of MCI,
scores of —1.5 SD below the appropriate normative
mean are considered abnormal, but some author-
itative definitions consider scores below -1 SD
abnormal [8-10]. In the broader context of clin-
ical (neuro) psychology, scores either in the fifth
percentile (corresponding to- 1.65 SD) and below,
or in the second percentile (corresponding to —2
SD) and below, are thought to reflect impairment
[11-13]. Second, there is no consensus on how many
cognitive tests, or which proportion of the tests
administered, should be abnormal to meet criteria
for impairment. Moreover, the required number and
magnitude of score deviations, are probably not inde-
pendent. When one requires more deviating scores
in order to classify a person as impaired, the mag-
nitude of these score deviations can probably be
smaller than when one requires only one abnormal
score. This also depends on the number of tests
administered.

In addition to the lack of consensus on conceptu-
ally and operationally defining abnormal cognition,
there are additional issues that may complicate the
interpretation of the neuropsychological examina-
tion. First, to evaluate test results, neuropsychologists
generally use normative data published in test man-
uals. Each test has its own normative sample,
which may vary in quality and the norms may not
always be optimal for each age group. For exam-
ple, norms for oldest patients are often lacking,
some norms were collected decades ago, norms
may not always be available in the patient’s lan-
guage. Second, demographic variables such as age,
sex, and level of education influence scores on

cognitive tests and should be considered [12]. Not
all published norms, however, allow correction for
each of these variables. Third, because normative
data are mostly collected for each test separately, cor-
relations between tests are not taken into account.
Thus, one cannot jointly evaluate scores of several
tests. It is therefore impossible to formally judge
whether score combinations are unusual. Often clin-
icians have an intuitive feeling for abnormalities in
the cognitive profile, but formal evaluation of whether
particular profiles of scores are normal or abnormal is
impossible.

The Advanced Neuropsychological Diagnostics
Infrastructure (ANDIL, http://www.andi.nl) [14] intro-
duces a new way of evaluating neuropsychological
test results that solves many of these problems.
ANDI consists of a large, representative, aggregated
database with neuropsychological test data from over
24,000 healthy people. ANDI provides regression-
based norms that are simultaneously corrected for
all relevant demographic variables [15]. Moreover,
ANDI has information on correlations between tests
and therefore provides the possibility to evaluate the
profile of test scores by multivariate normative com-
parison (MNC). This method is a more sensitive way
to analyze neuropsychological tests results [16—18].
Using such a profile analysis enables the detection of
subtle cognitive deficits that would go unnoticed in
traditional analysis of neuropsychological test results
[19, 20].

The first aim of the current study was to find
the optimal combination of magnitude and num-
ber of abnormal scores in order to operationalize
the definition of abnormal cognition. Our criterium
was success to predict progression to dementia. That
is, we examined which number of abnormal tests
and which magnitude of score deviations at base-
line best predicted progression to dementia. In doing
so, we also included often used solutions, such as
one abnormal score of 1.5 SD below the appropriate
mean. Secondly, we investigated what cut-off score
should be used for the multivariate profile analysis
offered by ANDI in order to best predict progres-
sion to dementia. After the optimal cut-off scores
had been determined, we investigated how well they
predicted progression to dementia. Finally, we inves-
tigated whether the multivariate profile analysis can
be used in standard clinical practice to better predict
progression to dementia. In order to address these
aims, we used neuropsychological data from mem-
ory clinic patients and normative data from the ANDI
database.
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Fig. 1. Flow chart describing the inclusion of patients and their progress to dementia over time.

MATERIALS AND METHODS

Patients

The patient data came from the Amsterdam
Dementia Cohort [21]. The patients were referred
by general practitioners and other health care profes-
sionals to Alzheimer center Amsterdam, Amsterdam
UMC because of cognitive complaints. All patients
had their baseline visit at this memory clinic between
January 1993 and March 2016.

In total, 1,004 non-demented patients were consid-
ered for inclusion. Patients were excluded if they 1)
had received a dementia diagnosis at baseline, 2) had
not been followed-up, or 3) had more than one miss-
ing value on the cognitive test battery (see below).
This left 835 patients for the current analysis (for
an overview see Fig. 1). The mean age was 64.3
years (SD = 8.5, range 32-87) and 61% of the patients
were male. The follow-up period ranged from 6 to
214 months (17 years) (median number of months
was 28). The local ethical review board approved the
study, and all patients provided informed consent for
their clinical data to be used for research purposes.

Diagnostic procedures

The diagnostic work-up has been described in
detail elsewhere [21]. In brief, for each patient it
consisted of a medical and neurological evaluation
by a neurologist, an assessment of vital functions,
informant-based history, assessment of needs by a
specialized dementia nurse, a neuropsychological
examination, magnetic resonance imaging, and ancil-
lary laboratory assessments. Each year, the patients

were invited for a follow-up visit with a neurologist
and a neuropsychologist. The diagnosis at baseline
and at each follow-up visit was evaluated in a multi-
disciplinary consensus meeting.

Patients were labeled as MCI (N =420), if they
fulfilled the Petersen criteria [7] until 2012 and the
NIA-AA criteria [9] from 2012 onwards. Patients
were labeled as having subjective cognitive decline
(SCD) (N'=415), when clinical investigations were
normal and cognitive performance was within normal
limits (i.e., criteria for MCI, dementia or psychi-
atric disorder not fulfilled [22]). These decisions were
based on test score evaluations using conventional,
published normative data, and on all other available
information.

Dementia diagnosis

At follow-up, dementia due to AD was diagnosed
according to the National Institute of Neurological
and Communicative Disorders and Stroke and the
Alzheimer’s Disease and Related Disorders Associa-
tion criteria (until 2012) or NIA-AA criteria [23, 24].
Other forms of dementia were diagnosed according
to consensus criteria [25-28]. For the current study,
all forms of dementia were collapsed, so the main
outcome measure was any type of dementia.

Materials

Neuropsychological tests

All neuropsychological tests that overlapped
between the patient test battery and the ANDI
database were used for the current analysis. As a
screening tool for cognitive impairment, the Mini-
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Mental State Examination (MMSE) was used [29].
To assess memory, the Dutch version of the Rey
Auditory Verbal Learning Test [30] immediate and
delayed recall was used. To assess verbal fluency,
category fluency (animals) and the Dutch version of
the Controlled Word Association Test (letter fluency)
were used [31]. For attention, the Trail Making Test
part A [32] and Stroop color word test [33] color
naming and word reading were used. For executive
functioning, the Trail Making Test part B [32] and
the Stroop color word test [33] interference condition
were used. These six tests (10 test variables) were
used in the current analysis. Note, however, that
the total administered battery varied over the years
and was flexible to some extent. That is, some
patients received additional tests, and some received
fewer or a different selection of tests, depending on
what the neuropsychologist deemed necessary. In
general, more tests were administered in the clinical
assessment than were used in the current analysis.

ANDI normative control sample and profile of
test scores
All scores in the ANDI database have been
transformed to normality and standardized to
demographically corrected z-scores, the matching
corrections were applied to patients’ scores. A
detailed overview of the ANDI data handling pro-
cedure can be found in de Vent et al. [14].
Supplementary Material 1 gives an overview of
tests used in the current analyses and of the charac-
teristics of the ANDI normative data.

Analyses

Univariate: Calibration of number and
magnitude of score deviations

The first step was to operationally define ‘abnor-
mal cognition’. We did this by determining both the
number of tests that should be abnormal and the
magnitude of the abnormality in order to optimize
prediction of dementia at follow-up. We randomly
split our data in two sets. In the first set (N=416;
calibration set), we selected the number and mag-
nitude of deviations that best predicted dementia
status at follow-up. In order to do so, we fitted Cox-
regressions (proportional hazards regressions) [34]
in which time from baseline to the event—diagnosis
of dementia—was the dependent variable; dementia-
free survival time was computed as number of days
from baseline to the last follow-up without dementia.
Age was included as a continuous covariate as the

prevalence of dementia increases with age [35]. For
each Cox-regression we varied the number of deviat-
ing test scores from 1 to 3 deviations (out of the 10
possible score deviations) and we varied the magni-
tude of the deviations in z-scores ranging from 0O to
-3 (in 60 steps of 0.05). Thus, a total of 180 (3 x 60)
combinations were evaluated. The combination with
the best fit of the Cox-regression was the combination
that best predicted dementia status at follow-up. Fit
of the Cox-regression was evaluated using the concor-
dance of the regression model [36]. The concordance
(or ¢ index) is a measure of predictive discrimination
and is defined as the proportion of all patient pairs in
which the predictions (patient will decline to demen-
tia or not) and outcomes are concordant. A value of
0.5 indicates no predictive discrimination and a value
of 1.0 indicates perfect separation of patients with
different outcomes.

Multivariate: Calibration of magnitude of profile
deviation

We also calibrated the MNC [16] by fitting Cox-
regressions. Thus, we determined the magnitude
of profile deviation best predicting progression to
dementia. As the MNC-method gives a single test
statistic that indicates whether or not a profile is
abnormal, only the magnitude of the abnormal pro-
file needed to be calibrated. An abnormal profile
can be either positive (abnormally good) or negative
(abnormally poor). Only the patients with a nega-
tively deviating profile were considered as having
abnormal cognition. This amounts to one-tailed sta-
tistical testing.

For the univariate analysis of number and magni-
tude of score deviations, deviation was defined per
variable. For the current multivariate analysis, devi-
ation is defined for all variables at the same time.
Therefore, we took the p-value of negatively deviat-
ing profiles as the measure of abnormality and varied
the p-value cut-off to discover what p-value leads to
best prediction of progression to dementia. We exam-
ined cut-off p-values ranging from O to 1 (in 1000
steps of 0.001) to select the p-value that best predicted
which patients would progress to dementia.

Predicting dementia status at follow up

After the best cut-off scores had been calibrated,
the second half of the data (N =419, test ser) was used
to test how well the univariate cognitive status (based
on one test, two tests and three tests) and MNC-status
predicted progression to dementia. Cox-regressions
were conducted again with time from baseline to
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the event (diagnosis of dementia) as the dependent
variable. The discrete independent variable was uni-
variate cognitive status (based on one test, two tests
and three tests) or the MNC status. Age was again
included as a continuous covariate.

Diagnostic overlap

We also calculated Cohen’s kappa’s [37] in order
to investigate whether each method labeled the same
patients as having abnormal cognition (inter-rater
reliability).

Adding profile analysis to standard clinical
evaluation

Finally, we tested whether the MNC profile analy-
sis could be used complimentary to standard clinical
evaluation. We performed Cox-regression in a step-
wise procedure. In the first step, the syndrome
diagnosis (MCI or SCD) as acquired in standard clin-
ical practice was used to predict time from baseline
to the event (dementia). Age was included as a con-
tinuous covariate. In the second step, the patients’
MNC-status (normal or abnormal) was also included
to see whether it had added value over the MCI status
to predict progression to dementia. Added value was
tested by means of a likelihood ratio test.

RESULTS
Progression to dementia

Over time, 182 of the 835 patients progressed to
dementia. Of these, 133 had probable AD, five had
possible AD, 10 had frontotemporal dementia, 20 had
vascular dementia, six had dementia with Lewy bod-
ies, and eight had a different type of dementia. Fig-
ure 1 gives an overview of the inclusion of patients.

Calibration of magnitude and number of test
score deviations for univariate and multivariate
analysis

The first step was to investigate how many abnor-
mal scores there should be and how large they should
be to best predict progression to dementia. For this
calibration, a random half (calibration set) of the data
was used (N=416) (see Supplementary Material).
One, two, and three abnormal scores all produced
similar results in terms of how well they predicted
decline to dementia at follow-up, as the highest

concordance obtained in all three was around 0.70.
However, the cut off points producing the best result
differed. For one abnormal test (z =—1.45), we needed
to be stricter than for two (z=-1.15) and three abnor-
mal scores (z=-0.70), and for two we needed to be
stricter than for three.

For the MNC status, the calibration showed a
p-value of 0.22 (one-tailed) had to be selected as
the best value to predict progression to dementia.
Thus, patients were predicted to progress to demen-
tia if they showed an abnormal test profile worse
than that of the lowest scoring 22% of the healthy
population.

Testing the prediction of progression to dementia

The second half of the data (the test set) (N=419)
was used to assign patients into cognitively normal
and cognitively abnormal based on the univariate
operationalizations of cognitively abnormal (one,
two, and three abnormal scores) and MNC sta-
tus. Table 1 gives an overview of characteristics of
subgroups determined according to each method.
Figure 2 gives an overview of progression to dementia
for each method.

To test how well the univariate cognitive status
(one, two, and three abnormal scores) and MNC sta-
tus predicted progression to dementia, the same Cox-
regressions (with age as a covariate) were conducted.
An overview of the results can be found in Table 2.

Univariate cognitive status

Because the 1, 2, and 3 abnormal scores pre-
dicted progression to dementia about equally well
in the calibration process, we evaluated all three.
Using one abnormal score of z<-1.45, two abnor-
mal scores of z<—1.15, or three abnormal scores
of 7<-0.70, showed that patients with abnormal
cognition were about four times as likely to have
a dementia diagnosis at follow up compared to
patients with normal cognition. Figure 3 shows the
survival curves for each of the three univariate
methods.

MNC status

The MNC profile analysis showed that when using
the optimum cut-off score of p <0.22, patients with
an abnormal profile were almost 4 times as likely to
have a dementia status at follow-up. Figure 4 shows
the survival curves plotted for the MNC status.
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Table 1

Demographic and clinical characteristics of the three groups, MCI (established by standard clinical evaluation), univariate cognitive status based on 1, 2 or 3 abnormal scores, or by MNC status

MNC status

3 abnormal scores z<— 0.70

2 abnormal scores z<—1.15

1 abnormal score z< 1.45

Standard clinical evaluation

Abnormal
MNC-status

Normal
MNC-status

MCI Normal Abnormal Normal Abnormal Normal Abnormal
cognition cognition

Normal
cognition

cognition

cognition

cognition

N

cognition

N

N=195

N=224
(53.5%)
64.4(7.9)

274

N

N=145

(34.6%)
64.0 (7.8)

234

N

=185

=267

N=152

(36.3%)
63.9 (1.7)

204

N

N=215
(51.3%)
62.4 (8.8)

(46.5%)
65.0 (8.8)

(65.4)
65.0 (8.6)

(55.8%)
65.3 (8.6)

(44.2%)
63.9 (8.0)

(62.7%)
65.1 (8.7)

(48.7%)
67.1(7.1)
140/64
27.1(1.7)
31.0(7.3)
3.8(2.7)
18.6 (4.7)
32.9 (11.6)

Age (SD)
Sex M/F

MMSE

121/74
27.2(1.8)

149/75
28.3(1.3)
39.3(9.3)
7.7 (3.0)
22.2(5.3)

36.6 (10.5)

37.5(11.2)

181/93
27.4 (1.7)

89/56
28.6 (1.3)

147/87
27.3(1.8)
31.9 (8.0)
4.4 (3.0)

123/62
28.4 (1.3)
40.8 (8.8)
8.0 (3.1)
233 (5.1)
38.8 (10.4)
35.9 (10.5)
85.2 (26.5)
435(5.5)
59.3 (8.3)

100.9 (21.7)

174/93
27.4(1.8)

96/56
283 (1.2)
41.9 (8.5)
8.6 (2.6)
23.4(5.0)
39.5(9.8)
35.6 (10.7)
83.9 (26.2)
43.6 (5.6)
592 (8.5)

130/85
28.5(1.3)
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31.8(7.9)
413.1)

32.6 (8.0)

41.9 (9.0)
83(3.2)
23.9(9.7)
39.4(9.7)
34.9 (9.8)

323 (8.1)

40.4 (8.9)
8.1(2.9)
222 (5.4)

35.8 (11.0)

RAVLT-total

48 (3.1)

45(3.1)

RAVLT-delayed

18.4 (4.6)
31.7 (11.8)
48.2 (18.8)

18.6 (4.7)
31.7(11.3)
46.4 (17.3)

18.1 (4.4)
30.8 (10.9)
47.6 (17.8)

18.7 (4.8)
31.9(11.5)
46.4 (17.4)
123.4 (62.1)

Animal fluency

COWAT
TMTa

46.0 (17.5)

39.1 (13.9)
89.6 (35.2)
47.2(11.9)

131.7 (67.3)

89.6 (31.4)
44.9 (6.1)

122.5 (60.6)
50.8 (12.6)
70.7 (16.4)

83.6 (30.3)
42.3 (4.6)
57.6 (8.2)
98.3 (21.8)

127.8 (64.3)
513 (13.3)
717 (17.4)

129.6 (64.6)
48.5 (10.5)
68.0 (15.5)

TMTb

51.2 (14.1)
72.3 (18.5)
135.8 (43.7)

MMSE, Mini-Mental State Examination; RAVLT, Rey Auditory Verbal Learning Test; COWAT, Controlled Oral Word Association Test; TMT, Trail Making Test; Stroop, Stroop Color-Word Test.

50.2 (12.9)
70.2 (17.0)
128.7 (41.4)

Stroop-words

60.9 (9.2)

64.4 (15.1)

Stroop-colors

103.0 (21.5)

128.8 (39.6)

132.0 (41.4)

108.5 (29.2) 128.5 (41.2) 100.0 (18.4)

Stroop-col.word

Diagnostic overlap

In order to examine whether each method labeled
the same individuals as having abnormal cognition,
Cohen’s kappa’s [37] were calculated, which can
be found in Supplementary Material 3. There was
substantial agreement between the MNC and using
1 abnormal score (cut-off z<—1.45) and 2 abnor-
mal scores (cut-off z<—1.15). There was moderate
agreement between using the MNC profile analysis
and using 3 abnormal scores with a cut-off score of
7<-0.70 [38].

Added value of the MNC status to MCI status.

Finally, we evaluated whether the MNC pro-
file analysis would add to the predictive value of
the clinical evaluation (i.e., MCI versus SCD syn-
drome diagnosis). To this end, likelihood ratio tests
were performed. Block 1 consisted of the syndrome
diagnosis (MCI/SCD) and age as predictors of pro-
gression to dementia. In the second block we added
the MNC status (i.e., normal or abnormal profile
based on p <0.22). Adding the MNC status improved
the prediction of the conventional MCI diagnosis
(x2(1)=13.45, p<0.001). This means that the MNC
status adds unique information about the patient on
top of the MCI status and increases the ability to
predict dementia at follow-up.

DISCUSSION

In the current study we evaluated how ‘abnormal
cognition’ should be defined (based on neuropsy-
chological test results) in order to best predict
progression to dementia. We did so in a large group of
non-demented patients who were diagnosed and fol-
lowed in an academic memory clinic. We used the
Advanced Neuropsychological Diagnostics Infras-
tructure (ANDI), which allows comparison of each
patient to a large representative normative sample
(with corrections for age, sex, and level of educa-
tion) while circumventing problems typically found
in neuropsychological practice (outdated norms, no
reference data for the old-old, interpretation changes
when shifting age groups). During the calibration
process we found that when evaluating 10 neuropsy-
chological test measures, the best cut-off for one
abnormal score (out of ten test scores) was z<—1.45,
for two abnormal scores z<-1.15, and for three
abnormal scores z <—0.70. The method of MNC pre-
dicted decline to dementia best at a cut-off of p <0.22.
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Fig. 2. Classification of cognition by the five indicators of abnormal cognition: Conventional-MCI diagnosis, univariate cognitive status

based on 1, 2, or 3 abnormal scores, and MNC status.

Table 2

Hazard ratios, their confidence intervals, c-index, and p-values of the survival analysis.
The models have been corrected for age

Factor Hazard Ratio 95% CI c-index P

1 abnormal score, cut-off z<—1.45 4.13 2.28-7.47 0.70 <0.001
2 abnormal score, cut-off z<—-1.15 3.68 2.17-6.24 0.70 <0.001
3 abnormal score, cut-off z<—0.70 4.02 2.26-7.16 0.73 <0.001
MNC status, cut-off p<0.22 3.77 2.39-5.97 0.72 <0.001

When testing these cut-off points, we found that they
all performed similarly well. Patients who had abnor-
mal cognition by one of these definitions were about
four times as likely to progress to dementia compared
to the patients who had normal cognition. There was a
good agreement between these definitions of abnor-
mal cognition. We also found that even though we
used different criteria (one, two, three abnormal test
results or abnormal cognitive profile based on the
MNC), mostly the same individuals were diagnosed
as having abnormal cognition.

Finally, we found that adding the MNC profile
analysis to a standard clinical evaluation (i.e., MCI
diagnosis) led to a better prediction of which patients
would progress to dementia.

The MNC profile analysis predicted similarly well
as the univariate criterion methods (one, two, or three
abnormal scores). Our optimal cut-off score p <0.22
(one-tailed) was far more lenient than when an equiv-
alentof —1.5 SD, i.e., a p-value of <0.067 (one-tailed),
would be used. This implies that when one looks
at a patient’s entire profile, certain combinations of
small abnormalities may already predict progression
to dementia. It also shows that we are far too strict
when we use the popular one-tailed p value of <0.05.
This would lead to an unnecessarily poor detection of
abnormal cognition. Note, however, that when using
the MNC profile analysis, it is important to keep
in mind which patient population we are assessing.
A conventional choice of 0.05 (one-tailed) should
probably be used when investigating a population in
which cognitive deficits are not a priori expected, for

example, when a sample from the general population
is screened. But when looking at a group of peo-
ple with cognitive complaints who present at a clinic
because of these complaints, the a priori chances of
having some form of cognitive deficit is higher. How
much higher is something worth investigating empir-
ically, as we did in our current study. We found that
for these memory clinic patients, arather high p-value
(0.22 one-tailed) results in the best predictive power.
Note that this is a one-tailed p-value, implying that
the patients, who are abnormal by this criterion, show
a score profile that is worse than that of the 22% of
cognitively normal persons with the most negatively
deviating profiles.

This study is not the first that aimed at improving
the criteria used to define abnormal cognition. Most
previous definitions are consensus criteria based on
expert opinions. The current study adds to this body
of work by providing empirically derived cut-off
points. Our results show that the criteria that have
been used in the field thus far are justifiable. That
is, scores —1.5 SD below the appropriate normative
mean, or between —1 and -2 SD are justly considered
abnormal [8—10]. However, our results show that this
is the case when one abnormal score out of 10 is
used (z< 1.45). When more abnormal scores (two or
three) are required, the magnitude of the deviation
should be less strict. Thus, if the number of required
deviating scores varies, the magnitude of the devia-
tions should be adjusted accordingly (few abnormal
scores require large magnitude of deviations and vice
versa).
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Fig. 3. On the top left, the survival curves using one abnormal score of z<—1.45 are plotted. On the top right, the survival curves using two
abnormal scores of z<—1.15. Below, the survival curves using three abnormal scores of z<-0.70. Patients with normal cognition are shown
in dashed grey lines and patients with abnormal cognition in solid black lines. The y-axis shows cumulative (dementia free) survival across

time, number of days participated is plotted on the x-axis.

Bondi et al. [39] also proposed an improved def-
inition of abnormal cognition that outperformed
conventional MCI criteria in predicting which
patients would decline to Alzheimer’s type demen-
tia. They used six neuropsychological measures and
defined abnormal cognition as either 1) two measures
one SD below the age-corrected mean in one cogni-
tive domain, or 2) one such abnormal score in each
of three cognitive domains, or 3) as functional depen-
dence (but not as much as to qualify for a dementia
diagnosis). Adding a functional dependence mea-
sure, for example the cognitive functional composite

(CFC) questionnaire [40] creates the benefit of find-
ing individuals who are already compromised in
their daily lives and thus will decline to dementia
more quickly. We, however, were looking for a way
to detect cognitive abnormality at an earlier stage
(before functional deterioration sets in). Bondi and
colleagues used a cut-off score of —1 SD on two tests
in one domain. This criterion is corroborated by the
current results, as we found that for two abnormal
scores, a cut-off score of z<1.15 gave the best pre-
diction when considering two subnormal scores. For
three scores, Bondi and colleagues also used —1 SD
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Survival function using the MNC-status
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shows cumulative survival across time and the number of days is
plotted on the x-axis.

as a cut-off score. Our results indicate that in this case
a z-value <—0.70 may be better.

We investigated whether the MNC profile anal-
ysis might be useful as an addition to a standard
clinical evaluation. A patient might have an abnor-
mal profile without any abnormal test scores. Thus,
over and above a conventional MCI diagnosis, infor-
mation about the patient’s cognitive profile is a
valuable addition for predicting whether the patient
will progress to dementia and will bolster the
experience-based insights clinicians already use in
their assessments.

This study has some limitations. First, the propor-
tion of individuals labelled as cognitively abnormal
depends on the number of tests used. We included
10 test variables. We would like to stress that the
optimal cut-off values may be different when a test
battery with, say, 5, 15, or 20 test variables is applied.
Second, because only a few tests were used, not all
relevant cognitive domains were assessed (for exam-
ple, language tests were not included). Third, more
neuropsychological tests were used in establishing
MCI than were used in establishing the MNC-status
(as only the tests that overlapped between the patient
battery and the ANDI database could be used). For
future research it would be worthwhile to set up a
study that evaluates the MNC-status with the same
tests that were used for the conventional diagnos-
tic procedure. Fourth, the mean age of the patient
population was 64 years, which is quite young for a

dementia cohort. There were more men (64%) than
women, which is also not typical for the demen-
tia population. This is due to the fact that these
patients were recruited in an academic hospital spe-
cializing in early onset dementia. Moreover, the
patients were not demented (at baseline). Therefore,
the findings of our study might not be represen-
tative for the dementia population as a whole and
should be replicated in older samples and in sam-
ples with more women. Fifth our findings may be
specific for the setting of a memory clinic of an aca-
demic hospital. Further research should investigate
whether the cut-offs fount in this sample are also
feasible for other community-based cohorts. Sixth,
we did not investigate different types of demen-
tia. It would be worthwhile for future studies to
specifically look at particular dementia types. Finally,
we focused only on neuropsychological assessment
and did not use neurochemical and neuroimaging
biomarkers as predictors. Since combining various
types of biomarkers is a powerful strategy of predict-
ing progression to [41-44], a future study may extend
the current results by incorporating these predictors
as well.

In conclusion, when evaluating neuropsycholog-
ical test results, abnormal cognition can be defined
as having either one, two, or three abnormal scores
as long as the magnitude of the score deviations is
adjusted accordingly. This means that when only
one abnormal score is required the magnitude of
this abnormality needs to be larger compared to two
or three abnormal test scores. Using a multivariate
profile analysis gives additional information about
cognition even when a patient already satisfies the
conventional MCI criteria. This profile analysis can,
thus, further improve the prediction of progression to
dementia.
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