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is thought to begin years or even decades before clini-
cal symptoms appear.2 Studies indicate that the pre-
clinical period of AD is characterized by an early onset
(6 to 3 years) of some cognitive impairment, followed
by relative stability until a few years (2 to 3 years)
before diagnosis, when precipitous cognitive decline
occurs3—meaning that patients can be in a more or
less symptom-free preclinical stage of AD for consid-
erable time in which it might be possible to identify
them.

It has been suggested that neuropsychological
tests such as measures of episodic memory (verbal as
well as nonverbal),4 story recall tasks (immediate and
delayed), naming tasks (Boston Naming Test),5 and
tests of executive functioning6 are particularly suited
as early and possibly preclinical markers of AD; how-
ever, even the use of age- and education-adjusted
norms cannot account for individual slopes of decline
if tests are performed on 1 occasion only. Subjects
with a low premorbid level of functioning are likely 
to fall below cutoff values more quickly, whereas
patients with a high premorbid level of functioning
are more likely to remain above cutoff scores for some

In aged persons with observed or subjectively
noticed mental decline, a reliable diagnosis of
dementia should be made as early as possible in

order (1) to detect reversible forms of dementia and
institute appropriate treatment; (2) to enable patients
to benefit from treatment that could delay the pro-
gression or even the onset of the manifest disease; (3)
to delay placement in an institution with its undesir-
able emotional, behavioral, and economic conse-
quences; and (4) to allow patients sufficient time to
make mentally competent arrangements, such as his
or her last will and/or advance directives for the family
to adjust to the situation. Among the different causes
of dementia, Alzheimer’s disease (AD) is the most
common, accounting for about three quarters of all
cases.1 The neurodegenerative process underlying AD
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time. To remedy this situation, it has been proposed7,8

that cognitive change, as assessed in a longitudinal
approach, may be more indicative of the development
of dementia than cross-sectional assessments only.

Before statements about significant cognitive
decline in potential patients can be made, the normal
degree of cognitive change in a healthy aged popula-
tion must be determined. The observation that healthy
aged subjects very often showed superior performance
at repeated neuropsychological testing drew our atten-
tion to the phenomenon of practice effects on neu-
ropsychological tests. Practice effects at repeated
testing have been reported to occur among brain-
injured patients,9 in children,10 and in adults across
different age categories.11 For older subjects, they are
usually greater on simple tasks and smaller on complex
tasks,12 which may be due to age-related decline in
adaptability.11 They vary in magnitude between differ-
ent tasks, being especially observed on tests that are
timed,13 those that involve psychomotor processing
and14 learning,15 or those that involve learning of spe-
cific rules or problem-solving strategies.16

Practice effects may be due to a number of fac-
tors, ranging from increased familiarity with the test-
taking situation or procedures (“test sophistication”)17

to remembering specific test items. Depending on the
situation, practice effects are seen as a confounding
variable because better familiarity or remembering
test items may mask cognitive decline, resulting in
apparent stability or only slight deterioration in cog-
nitive test performance when in fact significant
decline has occurred. As a consequence, practice
effects need to be accounted for in the context of
repetitive testing, and there have been different
approaches to this problem.12,18 In contrast, the aim
of this study was not to adjust the empirical findings
for practice effects, but to investigate changes of per-
formance on repeated testing as potential early mark-
ers of AD. Specifically, we aimed to standardize
changes of performance seen in healthy aged subjects
(referred to as practice effects) on different cognitive
tasks and to compare them with changes seen in
patients with mild AD. Stable or improved perform-
ance (practice effects) may then reflect the absence
of cognitive deterioration, whereas a lack of enhanced
performance in some tasks after repeated testing may
be an indicator of pathology, as AD patients do not
recall the circumstances and any details of the test
situation, the test materials, procedures, approaches,
and so forth. This failure of recall (episodic memory)
is assumed to prevent them from improving their

actual performance when being tested for a second or
third time. Based on these considerations, we hypoth-
esized that change scores on neuropsychological tests
might be superior as early clinical or even preclinical
markers of AD than the same measures taken on 1
occasion only.

Methods

Healthy Aged Subjects

The healthy participants of this study are a subsample
of the Basel Study on the Elderly (BASEL)19 cohort.
BASEL is a follow-up project to the Basel Longitudinal
Studies,20 which was initiated in 1997; its aims are to
identify in-life biological and preclinical cognitive
markers of AD. The project was approved by the local
ethics committee, and written informed consent was
obtained from all participants. Baseline assessments
(T0) were performed between 1997 and 2001. All par-
ticipants underwent a thorough clinical examination,
including a detailed medical history questionnaire,
neuropsychological evaluation with the German
version of the CERAD-NAB,21 the Clock Drawing
Test,22 and an assessment of depressive symptoms
(Fragebogen zur Depressionsdiagnostik Nach DSM-
IV).23 Blood was drawn to determine the apolipopro-
tein E genotype, and DNA samples were frozen for
later genetic analyses.

At an average of 2.4 ± 0.28 years (range, 1.9-3.4
years) later, participants underwent a follow-up exam-
ination (T1) using the same assessment instruments.
For the current analyses, participants who had com-
pleted at least 2 assessments (ie, T0 and T1) and who
fulfilled the following criteria at both time points were
selected:

1. z scores ≤ –1.96 (ie, abnormally low values;
2.5th percentile) in not more than 1 of the 11
standard CERAD-NAB variables

2. Speak German as their first language
3. In good health condition, that is, had no current

systemic illnesses, no diseases interfering with
the administration of neuropsychological tests
(eg, severe hearing or visual deficits), no psychi-
atric problems, no diseases of the central nerv-
ous system; and no diseases or events during life
that could have had a negative impact on central
nervous system activity 

4. Did not suffer from depression according to 
the Diagnostic and Statistical Manual of Mental
Disorders24 criteria, as assessed with a standardized
questionnaire.23
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Three hundred seventy-four subjects fulfilled these
criteria. Their characteristics are depicted in Table 1.
Among the normal control (NC) subjects, 135 (36.1%)
were apolipoprotein E ε4 carriers (ie, ε2/ε4, ε3/ε4, and
ε4/ε4), and 233 (62.3%) were apolipoprotein E non-ε4
carriers (ie, ε2/ε2 or ε2/ε3, and ε3/ε3). Apolipoprotein
E genotype information was missing because of tech-
nical problems in 6 subjects. No drug treatment or cog-
nitive training was administered to the healthy controls
between T0 and T1.

AD Patients With Mild Dementia

Data of 95 patients taken from the files of the Memory
Clinic of the Geriatric University Hospital in Basel,
Switzerland, with a diagnosis of probable AD accord-
ing to the criteria outlined by the National Institute for
Neurological and Communicating Disorders and
Stroke and the Alzheimer’s Disease and Related
Disorders Association25 and DSM-IV criteria for AD24

were included (Table 1). As part of their routine clini-
cal workup, AD patients underwent extensive stan-
dardized neuropsychological testing and medical
examinations, including neurological, neuroimaging,
and laboratory investigations.26 The average time inter-
val between baseline and follow-up testing was 1.1 ±
0.24 years (range, 0.1-2.2 years). Patients were also
screened for subjective symptoms of depression with
the short form of the Geriatric Depression Scale
(GDS).27According to this instrument, 79% of the
patients had no depressive symptoms (GDS score, 0-
4), and 16% suffered from mild (GDS score, 5-7) and
4% from moderate (GDS score, 8-10) depressive
symptoms. None of the patients reported severe symp-
toms (more than 11 points). 

The majority of patients had some kind of 
therapy between T0 and T1: 61 (64%) were treated

with cholinesterase inhibitors. Eleven (12%) had
cholinesterase inhibitor therapy plus weekly cognitive
training,28 and 3 (3%) had cognitive training only.
Twenty patients (21%) had no therapeutic interven-
tion. On average, patients visited the cognitive training
sessions for 34.8 ± 27.15 weeks (range, 8-113 weeks)
during their observation period. Within the AD sam-
ple, there was a group of patients with very mild cog-
nitive decline (Mini-Mental State Examination
[MMSE] ≥ 27)29; this subsample (n = 26; 13 females
and 13 males; age at baseline, 73.9 ± 6.7; years of edu-
cation, 13.0 ± 3.4; MMSE, 27.9 ± 0.8) was studied
separately for some specific questions.

Assessment Tools

CERAD-NAB

NC subjects and AD patients were administered the
validated German version of the CERAD-NAB21 by
experienced neuropsychologists or specially trained
psychology students. This battery consists of subtests
that cover the most commonly affected areas of cogni-
tive functioning in AD patients. The tests are animal
fluency, a modified Boston Naming Test (maximum
score of 15), the MMSE (maximum score of 30), Word
List-Learning (sum of three learning trials = Word List
1 + Word List 2 + Word List 3; maximum score of 
30), Figures-Copy (maximum score of 11), Word List-
Delayed Recall (maximum score of 10), Word List-
Recognition (maximum of 100%), and Figures-Delayed
Recall (maximum score of 11). Three new variables
were created to obtain additional information: (1)
Word List-Intrusions, which is the number of words
mentioned over the 3 trials and the delayed recall that
were not on the list; (2) Word List-Savings (%), which is
the Word List-Delayed Recall/Word List-Trial 3 ! 100;

Table 1. Baseline Characteristics of Normal Control Subjects and Patients with Probable Alzheimer’s Disease

Normal Control Alzheimer’s Disease 
Subjects (Baseline) Patients (Baseline) Comparisons

N 374 95
Gender (male, female) 246, 128 38; 57 χ2

(1) = 21.1, P < .001
Percentage male 65.8 40.0
Age ± SD (y) 68.3 ± 7.5 74.2 ± 6.4 t = 7.0, P < .001
Min-Max 49-88 55-89 
Education ± SD (y) 12.8 ± 3.1 11.8 ± 2.9 t = 2.8, P < .005
Min-Max 8-20 7-20 
Mini-Mental State 29.0 ± 1.0 (follow-up, 24.1 ± 3.4 (follow-up, 

Examination29 ± SD 28.9 ± 1.2) 22.6 ± 5.0) t = 13.9, P < .001
Min-Max 25-30 (follow-up, 23-30) 16-30 (follow-up, 7-29)
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and (3) Figures-Savings (%), which is the Figures-
Delayed Recall/Figures-Copy ! 100.

The CERAD-NAB can be usually completed in 20
to 45 minutes and is recommended for investigating
different stages of dementia.30 The English version of
the test has been found to have good test-retest relia-
bility, cross-center interrater reliability, and longitudi-
nal validity.30-32 For the German version, which is an
exact translation of the English original, good to excel-
lent discriminative validity (based on data from 1100
normal older subjects versus 150 AD patients) has
been demonstrated.33

Statistical Analyses

Standardization of practice effects

To avoid the many difficulties inherent in reporting raw
test scores of different tests, we decided to report our
results as z scores throughout (ie, as a common, well-
known metric for different kinds of raw scores estab-
lished at different levels of ability.9

Practice effects were calculated by subtracting z
scores at follow-up from z scores at baseline (T1 – T0)
for each CERAD-NAB variable. The first step was
therefore to establish z scores for a large sample of
healthy aged subjects, which is described in detail
elsewhere.34 Briefly, raw scores of each CERAD-NAB
variable were adjusted for age, gender, and years of
education. Because linear regression models were to
be used for this purpose, the most appropriate models
were selected by applying Predicted Residual Sum of
Squares34 statistics. The Predicted Residual Sum of
Squares statistic is the sum of squares of the pre-
dicted residuals for all observations where the pre-
dicted residual is the residual for an observation that
results from dropping this observation from the model
estimation. Each predicted residual is thus pretend-
ing to predict a “new” observation, and this idea is
well suited for models that will be applied to future
observations in practice. The most accurate model is
the one with the smallest standard deviation of the
predicted residuals. Because the residuals from sev-
eral variables were not normally distributed (which is
a prerequisite to establish z scores), the raw scores
were first transformed to achieve a normal distribu-
tion of residuals. In the current analyses, we aimed at
a normal distribution of residuals at least on the left-
hand side because only low residuals are relevant for
differentiating between healthy and diseased subjects.
Once again, regression analyses were performed, and

the regression model with the now smallest stan-
dard deviation of predicted residuals was selected.
Variables were also tested for a possible age-related
increase of variance. In a final step, z scores were 
calculated based on standardized residuals of the
selected regression models (transformed) raw scores.

For practice effects, the procedure described pre-
viously here was applied to the z-score differences 
(T1 – T0) of each CERAD-NAB variable. In addition
to demographic variables (age, education, and gen-
der), baseline performance and all possible interac-
tions between the explanatory variables were included
in the regression analyses, providing 45 different
regression models, among which the most appropri-
ate one for each CERAD-NAB variable was selected.

Comparison between groups

The standardization procedure was performed within
the NC group for 14 CERAD-NAB variables, and the
results (formulae for z scores) were applied to the
CERAD-NAB results of the AD patients. To facilitate
comparison among measures, practice effects were
also expressed in dimension-free units of effect size (ie,
[z scores at follow-up – z score at baseline]/SD of 
z scores at baseline).

Stepwise binary logistic regression analyses with
backward elimination (exclusion criterion, P = .10;
inclusion criterion, P = .05) were performed on
baseline scores and practice effects comparing NC
subjects to AD patients and AD patients with an
MMSE of 27 or more, respectively. A case was clas-
sified as AD if the predicted probability was greater
than the proportion of true AD patients in the sam-
ple. This cutpoint was chosen to achieve similar 
levels of sensitivity and specificity.35 For analyses
between NCs and all AD patients, cutoffs were set at
0.2. For analyses between NCs and AD patients with
MMSE ≥ 27, cutoffs were set at 0.07. The MMSE
was discarded from the binary logistic analyses
between NCs and AD patients with MMSE ≥ 27
because this variable had been used as a selection
tool for AD patients.

Determination of cut-off scores 
for practice effects

Cutoff scores for practice effects were generated using
receiver operating characteristic curves.36 A receiver
operating characteristic curve quantifies test accuracy
and generates an empirically derived optimal cutoff
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score. It was decided a priori that sensitivity and speci-
ficity were equally important so that the optimal cut-
off score was the point at which the sum of these
indices was at a maximum.

Results

Study Sample

One NC subject had missing data on Animal Fluency
at baseline, and in 2 AD patients, single baseline val-
ues were missing in the Boston Naming Test-15 items
and Figures-Delayed Recall (and Figures-Savings).
Two additional AD patients had single missing values
at follow-up: Boston Naming Test-15 items and
Figures-Delayed Recall. Because these missing values
can be considered as missing at random, the data of
these subjects were not discarded from the analyses.

Analyses Within the NC Sample

Standardization of the CERAD-NAB variable
raw scores and practice effects

At T0, all CERAD-NAB variables (raw scores) except
Word List-Learning and Word Lists 1-3 needed 
to be transformed to be normally distributed. Age-
related increase of variance was corrected for Word

List-Savings and Figures-Delayed Recall. Practice
effects (ie, z score at T1 – z score at T0) of the variables
Word List-Recognition and Word List-Intrusions
needed transformation to be normally distributed.
Age-related increase of variance was corrected for
Word List-Learning and Word List 3. With the stress
criterion slightly relaxed, all scores could be modeled
by either the main effects age, education, gender, and
baseline performance or by adding some 2-way inter-
actions between education, gender, and baseline per-
formance to the main effects.

Comparison of cognitive test performance 
of NCs at T0 and T1

The performances at T0 and T1 as well as the test
score differences (practice effects) and effect sizes
between T0 and T1 are given in Table 2.

Applying Holm’s sequentially rejective procedure37

for 14 tests, significant improvements were seen on 
9 of the 14 CERAD-NAB variables, and deterioration
was seen in the variables MMSE and Figure-Copy
(Table 2). According to effect sizes, practice effects
were mild (ie, 0.2 – 0.47) in verbal learning (Word List-
Learning, Word List-Intrusions, Word List-Delayed
Recall, Word List-Recognition) and visual memory
(Figures-Savings) variables. Animal Fluency, Boston
Naming, and Figures-Delayed Recall did not show sta-
tistically significant practice effects.

Table 2. Analyses of Changes Within the Normal Control Subjects (n = 374)

Consortium to Establish a 
Registry for Alzheimer’s 
Disease-Neuropsychological Baseline (T0) Follow-Up (T1) Difference P Value 
Assessment Battery Variable Mean ± SD Mean ± SD T1 – T0 ± SD (t Test) Effect Size

Animal Fluency 0.06 ± 0.99 0.11 ± 0.99 0.05 ± 0.91 .23 0.05
Boston Naming Test 0.00 ± 0.95 0.04 ± 0.98 0.04 ± 1.00 .42 0.04
*MMSE 0.08 ± 0.95 0.04 ± 1.02 −0.04 ± 1.22 .57 –0.04
*Word List-Learning –0.06 ± 0.99 0.35 ± 0.89 0.41 ± 0.99 < .001 0.41
*Word List 1 0.05 ± 1.02 0.29 ± 0.95 0.24 ± 1.12 < .001 0.24
*Word List 2 –0.10 ± 1.01 0.37 ± 0.90 0.47 ± 1.16 < .001 0.47
*Word List 3 –0.06 ± 1.01 0.20 ± 1.02 0.26 ± 1.16 < .001 0.26
Word List-Delayed Recall –0.04 ± 0.93 0.29 ± 0.90 0.33 ± 0.94 < .001 0.35
Word List-Intrusions –0.03 ± 1.02 0.24 ± 0.84 0.27 ± 1.22 < .001 0.26
*Word List-Savings 0.01 ± 1.06 0.20 ± 0.92 0.19 ± 1.29 .005 0.18
Word List-Recognition 0.02 ± 0.98 0.35 ± 0.81 0.33 ± 1.14 < .001 0.34
Figures-Copy 0.10 ± 0.94 −0.08 ± 0.97 −0.18 ± 1.24 .006 -0.19
Figures-Delayed Recall 0.03 ± 0.90 0.11 ± 0.80 0.08 ± 0.98 .10 0.09
*Figures-Savings 0.00 ± 0.91 0.18 ± 0.93 0.18 ± 1.17 .003 0.20

Note: Variables with an asterisk are those that remained in the final logistic regression (see text). K italics = significant change.
Depicted are Consortium to Establish a Registry for Alzheimer’s Disease-Neuropsychological Assessment Battery z scores at base-
line, follow-up, the differences, P values, and effect sizes (ie, (T1 – T0)/SDT0).
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Analysis Within the AD Sample

Comparison of cognitive test performance 
of AD patients at T0 and T1

Independent t tests revealed no significant differences
and no trends (P > .1) of baseline or practice effect 
on performance between drug-treated (n = 72) and
untreated (n = 23) AD patients; therefore, drug-treated
and untreated AD patients were analyzed together.
After applying Holm’s sequentially rejective procedure,
a significant decline from T0 to T1 among all AD
patients—and also for the subsample of AD patients
with MMSE scores of 27 or more (results not
shown)—was found on the MMSE, with effect sizes of
–0.36 and –0.99, respectively (Table 3). There was
some decline in performance at T1 (data not signifi-
cant) among the AD patients in all variables except for
Word-List Intrusions, Word-List Savings, and Word-
List Recognition. For AD patients with MMSE scores
of 27 or more, a decline was only found on the vari-
ables Boston Naming Test, Figures Copy, and Figures
Savings. A slight improvement at T1 (not statistically
significant) was found for the remaining variables.

We also studied whether the length of the time
interval between T0 and T1 (which varied across the
AD patients) was statistically related to changes of
cognitive performance in the patient group, but we
found no significant association (data not shown). 

Comparisons Between the NC 
and the AD Samples

Stepwise binary logistic regression analyses 
for baseline scores and practice effects

Binary logistic regression analyses using baseline scores
between NC subjects and AD patients revealed that the
CERAD-NAB subtests Animal Fluency, MMSE, Word
List-Learning, Word Lists 1-3, and Word List-Delayed
Recall distinguished NCs from AD patients most effi-
ciently. The specificity rate was 94.9%, and the sensitiv-
ity rate was 95.7%, with an overall correct classification
rate of 95.1%.

Binary logistic regression analyses based on prac-
tice effects (T1 minus T0) revealed that the CERAD-
NAB subtests MMSE, Word List-Learning, Word Lists
1-3, Word List-Savings, and Figures-Savings distin-
guished NCs from AD patients most efficiently; 93.3%
of the NCs and 86.8% of the AD patients were cor-
rectly classified, yielding an overall correct classifica-
tion rate of 92.0%. The rate of the explained variance
according to Nagelkerke’s estimate for R2 was 80.9%.

Among the NCs, 331 were correctly classified by
baseline scores and practice effects. Twenty two were
correctly classified by baseline scores but were
wrongly classified through practice effects, and 3 sub-
jects were wrongly classified by both approaches.
Among the AD patients, 81 were correctly classified by

Table 3. Analyses of Changes Within the Patients With Alzheimer’s Disease (n = 95)

Consortium to Establish a 
Registry for Alzheimer’s Practice Effects 
Disease-Neuropsychological Baseline (T0) Follow-Up (T1) Difference P Value Effect (Mean  
Assessment Battery Variable (mean ± SD) (mean ± SD) (T1 – T0 ± SD) (t-Test) Size z Scores ± SD)

Animal Fluency –1.50 ± 1.10 –1.62 ± 1.20 –0.12 ± 0.82 .16 –0.11 –1.08 ± 1.04
Boston Naming Test –1.06 ± 1.39 –1.32 ± 1.50 –0.26 ± 1.02 .01 –0.19 –0.87 ± 1.27
Mini-Mental State –2.81 ± 1.62 –3.40 ± 2.07 –0.59 ± 1.27 < .001 –0.36 –2.69 ± 1.80

Examination
Word List-Learning –2.49 ± 1.30 –2.61 ± 1.62 –0.13 ± 1.17 .30 –0.10 –2.36 ± 1.60
Word List 1 –1.69 ± 1.01 –1.76 ± 1.36 –0.06 ± 1.22 .63 –0.06 –1.60 ± 1.38
Word List 2 –2.06 ± 1.30 –2.08 ± 1.32 –0.02 ± 1.21 .86 –0.02 –2.25 ± 1.34
Word List 3 –2.28 ± 1.34 –2.51 ± 1.71 –0.24 ± 1.35 .09 –0.18 –1.72 ± 1.33
Word List-Delayed Recall –2.28 ± 1.06 –2.28 ± 1.26 –0.00 ± 0.84 .99 –0.00 –1.96 ± 1.23
Word List-Intrusions –0.53 ± 1.20 –0.49 ± 1.14 0.07 ± 1.42 .79 0.06 –0.32 ± 1.49
Word List-Savings –1.61 ± 1.15 –1.59 ± 1.26 0.02 ± 1.32 .91 0.02 –1.72 ± 1.36
Word List-Recognition –1.87 ± 1.32 –1.80 ± 1.53 0.04 ± 1.39 .64 0.03 –1.19 ± 1.69
Figures-Copy –0.62 ± 1.49 –0.90 ± 1.72 –0.28 ± 1.33 < .05 –0.19 –0.68 ± 1.66
Figures-Delayed Recall –1.52 ± 1.03 –1.68 ± 1.03 –0.15 ± 0.87 .10 –0.15 –1.84 ± 1.16
Figures-Savings –1.73 ± 1.18 –1.91 ± 1.24 –0.17 ± 1.10 .14 –0.14 –1.93 ± 1.21

Note: K italics = significant change. Depicted are Consortium to Establish a Registry for Alzheimer’s Disease-Neuropsychological
Assessment Battery z scores at baseline, follow-up, the differences, P values, and effect sizes (ie, (T1 – T0)/SDT0), and practice effects.
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baseline scores and practice effects. Nine were cor-
rectly classified by baseline scores but wrongly
through practice effects, and 4 subjects were wrongly
classified by both approaches. None of the AD
patients was wrongly classified by baseline scores but
was correctly allocated by practice effects. According
to the McNemar test, this represents a significant
result (P = .004) in favor of baseline scores.

Figure 1 illustrates NC subjects’ (Figure 1A) and
AD patients’ (Figure 1B) CERAD-NAB baseline and
follow-up z scores for those variables that remained in
the final logistic regression equation.

For AD patients with very mild dementia (MMSE
scores of 27 or more), the specificity rate was 88.2%.
The sensitivity rate 88.5%, with an overall classifica-
tion rate of 88.2% using baseline scores. Animal
Fluency, Word List-Learning, Word Lists 1-3, Word
List-Delayed Recall, and Figures-Delayed Recall dis-
tinguished NCs from AD patients most efficiently.
Binary logistic regression analyses based on practice
effects (T1 minus T0) revealed that the CERAD-NAB
subtests Word List-Learning, Word Lists 1-3, Word
List-Savings, and Figures-Savings distinguished NCs
from AD patients most efficiently; 84.9% of the NCs
and 80.8% of the AD patients were correctly classified,
yielding an overall correct classification rate of 84.7%.

Among the healthy control subjects, 289 were
correctly classified by baseline scores and practice
effects. Thirty nine were correctly classified by
baseline scores but wrongly through practice effects,
and 17 subjects were wrongly classified by both
approaches. Among the AD patients 20 were correctly
classified by baseline scores and practice effects, 3
were correctly classified by baseline scores but
wrongly through practice effects, and 2 subjects were
wrongly classified by both approaches. McNemar
tests revealed no significant differences between the
2 approaches (baseline scores versus practice effects). 

Determining optimal cutoff scores for 
practice effects

Based on the a priori taken decision that sensitivity
and specificity were equally important, receiver oper-
ating characteristic curves were constructed to deter-
mine the optimal cutoff z scores for the different
CERAD-NAB subtests discriminating AD patients
from NCs. Table 4 displays the findings in terms of
optimal cutoff scores, sensitivity, specificity, and cor-
rect classification rates; the latter varied between 50%
(Figures-Copy) and 86% (MMSE).

Figure 1. Z scores of AD patients (A) and normal control subjects (B) at 2 consecutive assessments. Presented are only those variables
that remained in the final logistic regression to separate normal control subjects and patients with Alzheimer’s disease based on their
change scores.
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Comparison of practice effects between 
NCs and AD patients

Table 5 shows mean z-score differences and corre-
sponding raw scores between NCs and AD patients.
Compared with the entire sample of AD patients,
NCs showed significantly superior practice effects on
all 14 variables (applying Holm’s sequentially rejective
procedure). Differences were most evident on the
variables MMSE, Word List-Learning (especially
Word List 2), and Word List-Delayed Recall. For the
subgroup of AD patients with MMSE scores of 27 or
more, practice effects were also significantly less than
seen in NCs on most variables except for the Boston
Naming Test, Word List-Recognition, Word List-
Savings, Word List-Intrusions, and Figures Copy.

Discussion

After an average test-retest interval of 2.4 years,
healthy aged subjects (n = 374; mean age, 68 years)
demonstrated significant gains of performance on 9
of 14 parameters assessed by means of a widely used
neuropsychological test battery, the CERAD-NAB.
Improvements from baseline to follow-up were most
evident on variables derived from a verbal learning
task (Word List-Learning, Word List 2, Word List-
Delayed Recall, and Word List-Recognition), whereas
performance gains were less pronounced or even
absent for variables with so-called ceiling effects, that

is, the Boston Naming Test, Figures Copy (significant
deterioration), and MMSE, which hardly offered
room for improvement: 91% of the healthy control
subjects reached MMSE scores of 28 or more at base-
line, 89% at least 10 of maximal 11 points on Figures
Copy, and 92% at least 13 of maximal 15 points on
the Boston Naming Test at baseline. Because the test
results were adjusted for possible confounding vari-
ables such as age, gender, education, and baseline val-
ues, and as it is unlikely that specific test items were
memorized over 2.4 years, the improvements from
T0 to T1 are most likely to be accounted for by what
is commonly referred to as “test sophistication.”17

This term comprises a number of factors that even-
tually help subjects to improve their performance on
repeated tests, for example, knowledge about test-
taking procedures, effective test-taking strategies, a
reduced sense of novelty, and fewer feelings of fear or
nervousness at retest. Diminished or missing practice
effects could then be indicative of an as yet unnoticed
or denied decline of cognitive adaptability or mental
flexibility.

In contrast to the group of NCs who are volun-
teers in a scientific study, the patients with mostly
mild AD attended the Basel Memory Clinic mainly for
diagnostic purposes and consultation; different from
the NCs, they did not improve on a majority of the
neuropsychological performance parameters when
retested after an average interval of about one year.
Repeated neuropsychological testing is not a routine

Table 4. Empirical Thresholds for the Discrimination Between Normal Control Subjects 
and Alzheimer’s Disease Patients Through “Practice Effects”

Consortium to Establish a 
Registry for Alzheimer’s 
Disease-Neuropsychological Cutoff Score Correct
Assessment Battery Variables (z Score) Sensitivity (%) Specificity (%) Classification Rate (%)

Animal Fluency −0.50 67.5 78.0 75.8
Boston Naming Test −0.17 60.5 74.7 71.8
Mini-Mental State Examination −1.18 88.7 85.7 86.3
Word List-Learning −1.25 91.7 76.9 79.9
Word List 1 −0.58 72.6 79.1 77.8
Word List 2 −0.96 82.3 82.4 82.4
Word List 3 −1.28 92.5 67.0 72.2
Word List-Delayed Recall −1.15 87.9 75.8 78.2
Word List-Recognition −0.51 83.9 74.7 76.6
Word List-Savings −1.30 92.2 69.2 73.9
Word List-Intrusions −0.45 78.5 52.7 57.9
Figures-Copy −1.18 88.7 40.7 50.4
Figures-Delayed Recall −1.53 94.9 73.6 77.9
Figures-Savings −1.51 94.9 74.7 78.8
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procedure at the Basel Memory Clinic; the patients
included in this sample were followed up either (1) to
confirm a previous diagnosis or (2) to document any
potential benefit from treatment or (3) for other spe-
cific individual reasons. These AD patients with gen-
erally mild dementia, and in particular, the subgroup
with MMSE scores of 27 or more showed either no
significant improvement or some decline on a num-
ber of performance parameters, notably the MMSE.
A direct comparison of change scores from T0 to T1
between the two groups of subjects revealed signifi-
cant differences in favor of the NCs with regard to the
majority of CERAD-NAB parameters.

Given the marked differences between NCs and
AD patients regarding their abilities to enhance per-
formance from one test occasion to the next, it
appeared logical to investigate whether the observed
differences in practice effects had any diagnostic
potential, that is, whether differences in performance
on the CERAD-NAB from T0 to T1 could be reliably
used to differentiate between NCs and patients with
AD. Stepwise logistic regression analysis using the
differences in performance between T0 and T1 identi-
fied a number of CERAD-NAB measures, based on

which 92.0% of all subjects (93.3% of NCs and 86.8%
of AD patients) were correctly classified. Although
this represents an excellent result, it was inferior to
the discrimination obtained between the NCs and AD
patients when the baseline CERAD-NAB findings
were used (95.1% correct classifications; 94.9% of
NCs, 95.7% of AD patients correctly classified).
Nevertheless, the analyses of practice effects are def-
initely interesting in that the group of older NCs as a
whole showed a significantly different development of
their cognitive performance over time when com-
pared with patients suffering from mild AD. As pre-
dicted, the NCs displayed improved performance 
on all neuropsychological measures at retesting after
2.4 years (9 of 14 criteria statistically significant),
whereas the AD patients showed some, although not
consistently, significant decline on all parameters
after a much shorter retest interval (1.1 years). The
fact that the decline of performance seen in the AD
patients was generally moderate should be attributed
(1) to the short test-retest interval and (2) to the 
fact that the AD patients were in mild or even very
mild stages of their disease. The differences in change
of cognitive performance between the 2 groups were

Table 5. Comparison of Mean Differences of Practice Effects (z Scores and Corresponding Raw Scores) 
Between Normal Control Subjects and Alzheimer’s Disease Patients and Alzheimer’s 

Disease Patients With an Mini-Mental State Examination Score of 27

Normal Controls Versus Alzheimer’s Disease 
Normal Controls Versus Alzheimer’s Disease With Mini-Mental State Examination ≥ 27

Consortium to Establish a 
Registry for Alzheimer’s 95% 95% 
Disease-Neuropsychological Mean Corresponding Confidence P Mean Corresponding Confidence P
Assessment Battery Variables Difference Raw Scores Interval Value Difference Raw Scores Interval Value

Animal Fluency –1.08 –4.4 –1.31, –0.85 < .001 –0.61 –2.5 –1.01, –0.21 .003
Boston Naming Test –0.87 –0.9 –1.15, –0.59 < .001 –0.39 –0.4 –0.79, 0.01 .06
Mini-Mental State 

Examination –2.69 –3.7 –3.07, –2.31 < .001 –1.35 –1.8 –1.75, –0.95 < .001
Word List-Learning –2.36 –5.9 –2.70, –2.02 < .001 –1.11 –2.8 –1.66, –0.55 < .001
Word List 1 –1.59 –1.9 –1.89, –1.29 < .001 –0.62 –0.7 –1.02, –0.21 .003
Word List 2 –2.25 –2.6 –2.54, –1.96 < .001 –1.43 –1.6 –1.82, –1.03 < .001
Word List 3 –1.72 –2.1 –2.01, –1.44 < .001 –0.86 –1.1 –1.24, –0.48 < .001
Word List-Delayed Recall –1.97 –3.2 –2.24, –1.70 < .001 –1.01 –1.6 –1.41, –0.60 < .001
Word List-Recognition –1.19 * –1.55, –0.83 < .001 –0.44 * –0.98, 0.10 .11
Word List-Savings –1.71 –37.6 –2.01, –1.42 < .001 –0.79 –17.3 –1.41, –0.17 .015
Word List-Intrusions –0.35 0.2 –0.67, –0.03 .033 –0.98 –0.1 –0.70, 0.50 .11
Figures-Copy –0.68 –0.7 –1.03, –0.33] < .001 0.05 0.0 –0.36, 0.45 .83
Figures-Delayed Recall –1.84 –4.4 –2.08, –1.61 < .001 –0.96 –2.3 –1.53, –0.40 < .001
Figures-Savings –1.93 * –2.16, –1.69 < .001 –1.11 * –1.65, –0.57 < .001

*Calculation of raw changes involves derivatives of transformations. For two variables, Word List-Recognition and Figures-Savings,
transformations are not differentiable because of piecewise fit. Change in raw data could therefore not be calculated for these
variables.
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statistically significant on 13 out of 14 neuropsycho-
logical measures studied.

Within the AD group, a comparison between the
two approaches (baseline scores versus practice
effects) favored the use of baseline scores. For AD
patients with very mild dementia (MMSE ≥ 27), both
baseline scores and practice effects were similarly
efficient. Additional analyses of the NC subjects and
AD patients incorrectly classified through baseline
scores or practice effects, respectively, revealed no
specific features that could explain why they had
been wrongly allocated (data not shown). It might be
that drug treatment received by these patients
between baseline and follow-up contributed to some
of the wrong classifications.

In summary, the analyses presented indicate that
(1) normal aged controls showed improvements, to a
great extent statistically significant, on the variables of
the CERAD-NAB after a retest interval of more than
2 years; (2) AD patients with generally mild (and even
very mild) dementia failed to show the improvement
in test performance observed in NCs, despite a much
shorter retest interval; (3) discrimination between
groups of NCs and AD patients was excellent for both
CERAD-NAB baseline values and change (T1 minus
T0) scores; (4) however, change scores were not diag-
nostically superior to baseline performance values.

Taken together, these findings suggest that repeated
testing with the CERAD-NAB does not generally add to
improved diagnostic accuracy for mild and very mild AD
and cannot, therefore, be recommended as a routine
clinical procedure.
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