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Abstract Introduction: Assessment of preclinical Alzheimer’s disease (AD) requires reliable and validated
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methods to detect subtle cognitive changes. The battery of standardized cognitive assessments that
is used for diagnostic criteria for mild cognitive impairment due to AD in the TOMMORROW study
have only been fully validated in English-speaking countries. We conducted a validation and norma-
tive study of the German language version of the TOMMORROW neuropsychological test battery,
which tests episodic memory, language, visuospatial ability, executive function, and attention.
Methods: German-speaking cognitively healthy controls (NCs) and subjects with ADwere recruited
from a memory clinic at a Swiss medical center. Construct validity, test–retest, and alternate form
reliability were assessed in NCs. Criterion and discriminant validities of the cognitive measures
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were tested using logistic regression and discriminant analysis. Cross-cultural equivalency of perfor-
mance of the German language tests was compared with English language tests.
Results: A total of 198 NCs and 25 subjects with AD (aged 65–88 years) were analyzed. All German
language tests discriminated NCs from persons with AD. Episodic memory tests had the highest
potential to discriminate with almost twice the predictive power of any other domain. Test-retest reli-
ability of the test battery was adequate, and alternate form reliability for episodic memory tests was
supported. For most tests, age was a significant predictor of group effect sizes; therefore, normative
data were stratified by age. Validity and reliability results were similar to those in the published US
cognitive testing literature.
Discussion: This study establishes the reliability andvalidity of theGerman languageTOMMORROW
test battery, which performed similarly to the English language tests. Some variations in test perfor-
mance underscore the importance of regional normative values. The German language battery and
normative data will improve the precision of measuring cognition and diagnosing incident mild cogni-
tive impairment due to AD in clinical settings in German-speaking countries.
� 2018TheAuthors. PublishedbyElsevier Inc. onbehalf of theAlzheimer’sAssociation.This is anopen
access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
Keywords: Alzheimer’s disease; Randomized clinical trial; Neuropsychology; Cross-cultural; Validation
1. Background

Measurement of cognitive change in Alzheimer’s disease
(AD) trials has typically relied on well-validated metrics,
such as the Alzheimer’s Disease Assessment Scale-
Cognitive Subscale test, a composite measure that detects
treatment response across different trial settings and cultures
[1]. However, as more research started focusing on the pre-
clinical stages of AD, more sensitive metrics are required for
the detection of very subtle cognitive changes that occur in
the very early stages of incident mild cognitive impairment
due to AD (MCI-AD). An increasing number of secondary
prevention studies are now underway that are designed to
test therapeutic agents that may either delay or prevent the
onset of early clinical symptoms of AD [2]. These studies
have selected composite end points capable of detecting
cognitive decline in older adults at risk of developing AD,
based on neuropsychological data from longitudinal studies
of clinically healthy populations [3,4].

The TOMMORROW study is among these secondary
prevention studies and examines the efficacy of medicines
to delay the onset of diagnosable MCI-AD [5,6]. Unlike
the other secondary prevention trials, the primary outcome
is a clinically definable event, MCI, rather than a cognitive
composite. The trial uses a time-to-event design, with the
primary end point event defined as an adjudicated clinical
diagnosis of MCI-AD based on the National Institute on
Aging–Alzheimer’s Association criteria [7]. This end point
choice has advantages in being a clinically meaningful
outcome but also presents some complexities when applied
across different languages and cultures. First, the MCI-AD
criteria had not yet been used as an end point in clinical
trials, and the criteria needed to be operationalized to
allow diagnostic standardization across multiple sites and
clinicians. Second, because the diagnostic criteria are to be
used in a global context, cross-cultural validation and
standardization of the metrics are essential to ensure that
they capture the cognitive and functional features of early-
stage AD across all the cultural settings.

In the TOMMORROW study, the core clinical criteria for
MCI-AD were operationalized. These criteria were made
available for public review before study launch [6] and are
defined as a sustained decline in both function and neuropsy-
chological performances. Functional decline is operational-
ized as a change in the Clinical Dementia Rating Scale
(CDR) score from 0 to 0.5, and neuropsychological perfor-
mance is measured by two domains of cognition (one of
which must have been episodic memory) falling below base-
line performance (to at least 1.3 standard deviation [SD]
below the age-adjusted normative mean) or an isolated
decline from baseline in episodic memory (i.e., to at least
1.5 SD below the age-adjusted normative mean). To meet
the operationalized definition of MCI-AD, these criteria
are expected to be met at two consecutive study visits,
approximately 6 months apart.

Criteria for MCI-AD can be applied readily in English-
speaking countries using standardized cognitive assessments
that are normed for the population and well validated for
clinical use in cognitively healthy older adults. However,
the use of these tools for diagnostic purposes in other cul-
tures requires establishing their test reliability, validity,
and normative ranges appropriate to the applicable culture.
The purpose of the present study was to psychometrically
validate the German language adaptation of the cognitive
tests for the TOMMORROW study for application among
German-speaking adult populations aged 65–88 years
(the target age range for the TOMMORROW study) and to
develop normative data for the battery of tests.

2. Methods

We conducted a validation and normative study of the
German language version of the TOMMORROW study’s
neuropsychological test battery. The primary objectives of

http://creativecommons.org/licenses/by-nc-nd/4.0/
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the study were to: (1) assess criterion validity; (2) examine
the construct validity and cross-cultural equivalency of
translated test results compared with US normative results;
(3) assess the discriminant validity and receiver operator
characteristics of cognitive tests when differentiating
between cognitively healthy controls (NCs) and individuals
with AD in the elderly population; (4) determine the test-
retest and alternate forms reliability of select cognitive tests
over a 1-month interval using NCs; and (5) establish demo-
graphically adjusted normative data for each of the instru-
ments and selected alternative forms in the cognitive test
battery in cognitively normal German-speaking elderly indi-
viduals.

The study was conducted in accordance with the
Declaration of Helsinki. Procedures were approved by the
local institutional review boards or ethics committees. All
subjects provided informed, written consent.

2.1. Study design
2.1.1. The TOMMORROW neurocognitive battery
The TOMMORROW neuropsychological test battery

(TOMMORROW battery) was designed for early detection
of MCI-AD within the TOMMORROW study. Briefly, the
TOMMORROW battery was designed to include sensitive
tests of episodic memory, language, visuospatial ability,
executive function, and attention (Table 1). Tests included
the Brief Visuospatial Memory Test–Revised (BVMT-R);
California Verbal Learning Test–II (CVLT-II) [8,9]; Trail
Making Test Parts A and B [10]; semantic fluency [11,12],
lexical fluency, the Multilingual Naming Test (MiNT);
digit span forward and backward [13]; and the clock-
drawing test (CDT) [14].

2.1.2. Translation of the TOMMORROW
neuropsychological test battery and rater training

Linguistic and cultural adaption of the TOMMORROW
battery was completed in accordance with the International
Table 1

TOMMORROW neuropsychological test battery (key indicators)

Cognitive domain Cognitive test/subtest

Memory CVLT-II long-delay free recall correct [8,9]

CVLT-II short-delay free recall correct

BVMT-R delayed recall

Executive function Trail Making B test (total seconds) [10]

Digit span backward [13]

Language Semantic fluency (animals) [11,12]

Lexical fluency (total words)

MiNT visual naming test

Attention Trail Making A test (total seconds)

Digit span forward

Visuospatial function Clock-drawing test [14]

BVMT-R copy accuracy

Abbreviations: BVMT-R, Brief Visuospatial Memory Test–Revised;

CVLT, California Verbal Learning Test; MiNT, Multilingual Naming Test.
Society for Pharmacoeconomics and Outcomes Research
guidelines [15]. Formal permission for test use and transla-
tion was obtained through licensing agreements with each
specific test publisher or copyright owner. Formal forward
and backward translation of each measure was followed by
in-country cognitive debriefing interviews, expert reviews,
and harmonization activities to ensure that the German trans-
lations of tests were culturally appropriate [15]. Finally, to
ensure the high quality of cognitive data, professional cogni-
tive testing firms were engaged to provide rater training and
data quality review services throughout the trial. Owing to
known variability in scoring for the BVMT and CDT assess-
ments, these instruments received centralized scoring.

2.1.3. Selection of study participants
Participants were NC individuals and patients with AD,

recruited from the University Center for Medicine of Aging,
Felix Platter Hospital, Basel, Switzerland. This research
site was selected because it would become a site for the
TOMMORROW study, and the predominant language
spoken (high German) is linguistically equivalent to
German-speaking populations in Germany, thereby assuring
generalizability of the normative data to a broad range of
German-speaking older adults.

Participants were included in the NC group if they had a
CDR global rating of 0, a Mini–Mental State Examination
[16] age- and education-adjusted score �25 and were
deemed cognitively healthy on neurological evaluation.
Mini–Mental State Examination scores for NC participants
were adjusted for low education (11 point for those with
0–9 years of education) and older age (11 point for
.75 years). Participants with AD were required to have a
global CDR rating between 0.5 and 2.0, and have a clinical
diagnosis of possible or probable AD based on well-
established diagnostic criteria and supported with clinical
documentation from medical records. All participants were
required to have a knowledgeable project partner to com-
plete the CDR and other informant-based questionnaires.
To ensure consistency in diagnostic assignment, an
expert clinical review of cases was conducted by a clinical
consensus committee who had designed the assessment bat-
tery and validation study (i.e., the Neuropsychology Lead
Office for the TOMMORROW program at Duke University:
K.M.H., B.L.P., H.R.R., and K.A.W.-B., in addition to
A.S.A. from NeuroCog Trials) and were involved in the cul-
tural validation (A.S.A.).

There were 50 NC participants enrolled in the following
four age strata (65–69, 70–74, 75–79, and 80–88 years). To
ensure a balanced representation of gender and education in
each age group, enrollment per stratum was capped to
include the following: (1) a minimum of 15 and at most
35 male or female participants per age stratum; (2) a mini-
mum of five and at most 10 individuals with a lower educa-
tional level; and (3) a minimum of 40 and at most 45
individuals with a higher educational level. Definitions for
high versus low education level were based on population



H.R. Romero et al. / Alzheimer’s & Dementia: Translational Research & Clinical Interventions 4 (2018) 314-323 317
statistics for older adults in Switzerland, in consultation with
local experts. Educational levels for Switzerland were desig-
nated as lower level (0–9 years) and higher level (grade 10 or
greater). Finally, to obtain an adequate distribution of AD
participants across the overall age range (65–88 years),
17 patients with AD aged 65 years to ,78 years and
eight patients with AD aged �78 years were recruited.

2.1.4. Schedule of assessments
All participants (NC and AD) and their project partners

attended visit 1 (baseline). During this visit, participants
were administered the Mini–Mental State Examination
[16] for eligibility purposes, followed by a clinical evalua-
tion, which included the TOMMORROW neuropsychologi-
cal battery. The participants completed a depression screen
(Geriatric Depression Screen [17]) and a meta-memory
questionnaire (Mail-in Cognitive Function Screening Instru-
ment [18]). Medical history was reviewed along with a full
clinical interview for dementia with the participant and the
project partner using the CDR scale. Clinical diagnoses
were assigned by the site clinician based on all data collected
at visit 1, with the exception that the clinician remained
blinded to the TOMMORROW battery scores to avoid
contamination of the validation process. The AD partici-
pants were administered standard forms of the CVLT-II
and BVMT-R tests. The NC participants were randomized
to receive either schedule 1 of the BVMT-R and CVLT-II
(standard forms administered at both visits) or schedule 2
(standard forms administered at visit 1, alternate forms at
visit 2).

Only the NC participants returned for visit 2 (1 month
after visit 1) to assess test-retest and alternative form reli-
ability of the TOMMORROW battery. The questionnaires
assessing depression and meta-memory were readministered
at visit 2 to ensure that there were no changes in cognitive
state over the 1-month interval that would invalidate the in-
dividual as a normal control.
2.2. Analytic strategy
2.2.1. Overview
We first evaluated the reliability and validity of the cultur-

ally and linguistically adapted German translations of the
cognitive tests in the following ways: (1) criterion validity
was evaluated using analysis of covariance to compare the
differences in scores on the cognitive tests at visit 1 between
AD and NC participants when covarying by age strata,
educational level, and gender; (2) construct validity was
examined using Pearson’s correlations (if normally distrib-
uted) or Spearman’s rho correlations (if either distribution
was nonnormal) among selected cognitive tests; (3) discrim-
inant validity was evaluated using test classification statistics
(e.g., sensitivity and specificity) for the core cognitive
domains of AD; and (4) test-retest reliability was assessed
using Pearson’s correlation coefficients. Cross-cultural
equivalence was evaluated by comparing the SDs and the
7th and 10th percentile levels of standardized scores of NC
German language participants with published information
in commercial manuals for the English versions of the tests
(Table 1). The second set of analyses involved the generation
of age-standardized German language norms.

2.2.2. Validation analysis
For discriminant validity analyses, composite scores were

calculated for four cognitive domains, including episodic
memory (BVMT-R delayed, CVLT-II long delay, and
CVLT-II short delay), executive function (Trails B and digit
span backward), language (semantic and lexical fluency),
and attention (Trails A and digit span forward). Z-scores
for tests within each domain were calculated and then aver-
aged to produce the domain composite scores. The four
domain scores were then averaged to produce the total neu-
ropsychological composite score. A forced entry logistic
regression was used to evaluate the performance of the com-
posite score for discriminating between NC and AD groups.

A forward stepwise logistic regression analysis was used
to identify the subset of cognitive tests that best described
differences between NC and AD cases. Classification statis-
tics (i.e., sensitivity, specificity, positive predictive value,
negative predictive value, and correct classification) were
generated for each set of the models at a prespecified cut
point typically applied to define dementia (22 SD). Cogni-
tive tests were compared by domain-specific and composite
models (with and without covariate adjustment) to deter-
mine the extent to which performance accurately classified
diagnostic groups.

Test-retest reliability was assessed by examining the
correlations between paired responses to standard forms of
the cognitive tests at visit 1 and visit 2 data from NC partic-
ipants. Alternate forms reliability was conducted on the raw
scores from standard and alternate forms of memory tests
that were administered to the same individuals (in schedule
2) at visit 1 and visit 2, respectively.

2.2.3. Sample size justification
The sample size of 50 NC participants per age strata was

based on published guidelines for stable estimates in norma-
tive samples [19,20]. For validity analysis, an effect size was
estimated based on previously reported mean baseline
differences between NC and premorbid AD “converters”
(within 3 years), equivalent to an effect size of d . 1 on
both the Trails B and the CVLT-II tests [21]. Although conser-
vative for this study in which we examine separation of AD
dementia from NC, we expected that some tests in the battery
would be less sensitive than others. Power analysis indicated
that 21 patients with AD were required to detect a group dif-
ference equivalent to an effect size of d 5 0.9 between AD
and NC individuals, assuming use of a two-tailed test with
P, .05 and powered at b5 0.8. Given the potentially smaller
effect size estimates for less sensitive tests in the battery, the
enrollment target was increased to 25 subjects with AD.
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2.2.4. Creation of age-standardized norming tables
A series of multiple linear regression analyses were per-

formed to evaluate the relative contribution of age strata,
years of education, and gender in predicting the raw cogni-
tive test scores of NC individuals. Age-standardized norma-
tive data tables were generated using the NC data set at visit
1, for each of the four age strata. Norming tables for each
cognitive test were based on one of the following norming
methods: (1) Z-scores; (2) percentiles; and (3) cutoff points.
Test scores for each of the cognitive tests were normed on a
linear Z-score metric with a mean of 0 and SD of 1. For tests
with skewed distributions, either percentile associated with
each raw score for each age strata were generated, or cutoff
values were determined to represent the seventh percentile
for each age strata.

3. Results

3.1. Sample

There were 228 participants screened; five did not meet the
eligibility criteria. The final analysis sample consisted of
198NCparticipants and25ADparticipants (Figure1).Among
the 198 NCs, 119 participants were randomized to receive
schedule 1 of the BVMT-R and CVLT-II tests, and 79 were
Screen
N = 2

Study sel
n = 2

CDR score = 0
n = 200

n = 198

2-stage clinical diagnosis

Normal
n = 200

Schedule 1
n = 120

Schedule 2
n = 80

Final sa

Randomized

Schedule 1
n = 119

Schedule 2
n = 79

n = 2

Fig. 1. Sample characteristics and study design. Ab
randomized to receive schedule 2. Following visit 1, one NC
participantvoluntarilywithdrew fromthe study,which reduced
the NC sample available for reliability analyses to 197 partic-
ipants. Sample characteristics are presented in Table 2.
3.2. Cognitive test performance of NC participants

Cognitive test performance for NC participants for visit 1
and 2 are listed in Supplementary Table 1. Measurements of
central tendency are provided in Supplementary Table 2.
3.3. Criterion (known groups) validity

Table 3 shows the difference in test performance for the
AD and NC participants. The largest effect sizes were
associated with episodic memory: CVLT-II long-delay free
recall correct, CVLT-II short-delay free recall correct, and
BVMT-R delayed recall. Age was a significant predictor of
group effect sizes for most tests. In contrast, significant
education and gender effects were found less frequently.
3.4. Construct validity

Concurrent and divergent validity were demonstrated.
Correlations within highly related domains were high
ed 
28

ection
25

Did not meet 
eligibility criteria 

n = 3 

n = 25

 quality control review

Alzheimer’s disease
n = 25

mple

breviation: CDR, Clinical Dementia Rating.



Table 2

Sociodemographic characteristics of study samples

Variable

NC participants,

visit 1 (n 5 198)

Diagnosed

AD participants,

visit 1 (n 5 25)

Gender, n (%)

Male 100 (50.5) 6 (24.0)

Female 98 (49.5) 19 (76.0)

Age (years)

Mean (SD) 74.4 (5.94) 75.6 (4.93)

Median 75.0 76.0

Age category, n (%)

65–69 years 50 (25.3) 3 (12.0)

70–74 years 48 (24.2) 4 (16.0)

75–79 years 50 (25.3) 13 (52.0)

80–88 years 50 (25.3) 5 (20.0)

Education (years)

Mean (SD) 13.4 (2.63) 11.6 (2.40)

Median 13.0 11.0

Educational level, n (%)

Lower level 38 (19.2) 13 (52.0)

Higher level 160 (80.8) 12 (48.0)

Race/ethnicity, n (%)

White (not Hispanic) 198 (100.0) 25 (100.0)

MMSE, visit 1

Mean (SD) 29.7 (1.19) 24.5 (3.20)

Minimum, maximum 25, 32 17, 28

CDR score, n (%), visit 1

0 (normal) 198 (100.0) 0

0.5 (questionable dementia) 0 10 (40.0)

1 (mild dementia) 0 13 (52.0)

2 (moderate dementia) 0 2 (8.0)

Abbreviations: AD, Alzheimer’s disease; CDR, Clinical Dementia

Rating; MMSE, Mini–Mental State Examination; NC, cognitively healthy

controls; SD, standard deviation.

NOTE. Educational levels are 0–9 years for lower level and 10 or greater

for higher level for Switzerland.
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(0.41–0.86), forexample, betweenCVLTdelayed recall and to-
tal learning or between digit span forward and total digit span
(Supplementary Table 3). Weaker correlations (0.31–0.46)
were observed across multicomponent domains and
unrelated cognitive domains (e.g., BVMT copy to digit span).

3.5. Discriminant validity

The total composite score correctly classified NC and AD
cases with 76% sensitivity and 97% specificity. The episodic
memory composite score performed the best, with a sensi-
tivity of 92% and specificity of 99%. There was some vari-
ability in the performance of the other three domain
scores, with sensitivity ranging from 48.0% to 92.0% and
specificity ranging from 93.4% to 99.0%. Examination of
the pseudo R2 of logistic models for each domain suggests
that measures of the episodic memory domain had almost
twice the predictive power of any other domain.

3.6. Test-retest and alternate form reliability

Test-retest reliability was examined over a 1-month inter-
val in NC participants assigned to schedule 1 (n 5 119).
A mild practice effect was observed on cognitive test scores
between visit 1 and visit 2. Eleven out of the 13 tests had cor-
relations between visits 1 and 2 that were greater than the hy-
pothesized threshold value of 0.60 for adequate test-retest
reliability for cognitive tests (Supplementary Table 4). The
remaining two tests fell below the hypothesized threshold:
the CDT (0.54) and BVMT-R copy (0.40). Alternate form
reliability coefficients were high and fairly consistent across
tests, ranging between 0.55 and 0.71 over a 1-month interval
among normal participants assigned to schedule 2 (n5 78).
3.7. Creation of age-standardized norming tables
3.7.1. Evaluation of raw score covariates: age, gender, and
education

A series of multiple linear regression analyses were per-
formed to evaluate the relative contribution of age strata,
years of education, and gender in predicting the raw cogni-
tive test scores of NC individuals. Age was a significant pre-
dictor of test scores on almost half of the tests administered,
whereas fewer cognitive test scores were significantly influ-
enced by education and gender. The impacts of age, educa-
tion, and gender were test-specific (Table 4). The size of the
age association, as measured by partial R2 values was stron-
gest for BVMT-R total recall, BVMT-R delayed recall, and
Trails B. The education effect on cognitive test performance
was weaker as indicated by only one strong effect on verbal
learning (CVLT-II trials 1–5).

The need for gender correction was further explored for
tests that had a significant gender effect (P, .001) including
MiNT, CVLT-II short-delay free recall, CVLT-II long-delay
free recall, and CVLT-II total learning tests. Several factors
were taken into consideration, including the intended use of
the tests in preclinical AD trials (e.g., is the test part of trigger
criteria for diagnosis of MCI-AD?) and the ease of interpret-
ing demographically corrected tests by site clinicians in a
clinical trial (e.g., can the clinician interpret performance if
points are added/subtracted for a specific gender?). The
magnitude of differences by gender was examined across
age groups in order to determine which tests should receive
a gender correction. The decision was made not to apply a
gender correction to MiNT and CVLT-II total learning.

Further modeling was done to examine the impact of a
gender correction for CVLT-II short-delay free recall and
long-delay free recall. The frequency of normal participants
who scored 21.3 and 21.5 SD below the mean was exam-
ined, as well as the raw score differences between men
and women at each of these cut points (Supplementary
Table 5). In general, across the episodic memory tests, the
gender difference in mean scorewas stronger in the youngest
three age groups than in the oldest age group (80–88 years);
however, the difference at 21.3 and 21.5 SD below the
mean was more pronounced in the oldest group. An effort
was made to choose an adjustment that would correct for
the distinct effects of gender on CVLT-II long-delay and



Table 3

Differences in cognitive test performance: AD and NC groups, accounting for age, education, and gender

Cognitive domain Cognitive test

NC participants

(n 5 198)

AD participants

(n 5 25)

ANCOVA,

F-Statisticy Cohen’s d

Standardized b weights and sign

Age

(years)

Education

(years)

Female

versus male

Memory CVLT-II long-delay

free recall correct

10.3 (0.20) 1.3 (0.58) 67.32 3.21 20.09 ** 0.27 *** 1.78 ***

CVLT-II short-delay

free recall correct

9.6 (0.21) 1.6 (0.62) 46.18 2.65 20.10 * 0.20 * 1.63 ***

BVMT-R delayed recall 7.7 (0.17) 2.0 (0.48) 43.49 2.44 20.12 *** 0.13 — 20.15 —

Executive function Trails B total seconds 112.1 (3.56) 230.7 (11.35) 40.49 2.38 3.19 *** 24.35 * 26.72 —

Language Semantic fluency (animals) 22.1 (0.32) 12.4 (0.92) 31.91 2.16 20.13 * 0.30 * 0.96 —

Attention Trails A total seconds 41.4 (1.84) 95.5 (5.32) 26.39 2.09 0.38 — 20.80 — 21.77 —

Language MiNT 29.6 (0.18) 24.4 (0.52) 34.95 2.06 20.07 * 0.06 — 21.44 ***

Visuospatial Clock-drawing test 8.6 (0.11) 6.2 (0.32) 14.40 1.60 0.00 — 0.05 — 0.29 —

Language Lexical fluency (total words) 36.1 (0.75) 25.6 (2.18) 8.08 0.99 20.15 — 0.63 * 2.37 —

Executive function Digit span backward 6.2 (0.13) 4.4 (0.37) 10.02 0.99 20.05 * 0.06 — 20.44 —

Visuospatial BVMT-R copy accuracy 11.2 (0.08) 10.3 (0.23) 4.92 0.79 20.02 — 0.04 — 0.20 —

Executive function Digit span total 15.0 (0.23) 12.6 (0.65) 8.73 0.76 20.10 — 0.15 — 20.79 —

Attention Digit span forward 8.8 (0.13) 8.2 (0.38) 4.38 0.33 20.05 * 0.09 — 20.35 —

Abbreviations: AD, Alzheimer’s disease; ANCOVA, analysis of covariance; BVMT-R, Brief Visuospatial Memory Test–Revised; CVLT, California Verbal

Learning Test; MiNT, Multilingual Naming Test; NC, cognitively healthy controls.

*P , .05; **P , .01; ***P , .001.
yAll P values ,.001 for differences between AD and NC groups.
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short-delay recall tests, without over-correcting the scores of
individuals in the oldest age group, resulting in an adjust-
ment of11.0 for men, to level the differences betweenmales
and females.

3.7.2. Age-standardized norming tables
Age-standardized normative data tables were generated

using the NC data set at visit 1 for each of the four age strata.
The method used for generation of normative data for each
test is summarized in Supplementary Table 6, and normative
tables for each test are provided in Supplementary Tables 7–9.
4. Discussion

This study established the reliability and validity of the
German language TOMMORROW battery. Overall, the
battery performed as expected in German speakers in
Switzerland and similar to the tests in English in the US.
However, there were some differences observed across the
language versions, which underscore the importance of
having regionally based, language-appropriate normative
values. To this end, we provide normative data to facilitate
the application of the battery in German speakers enrolled
in TOMMORROW and other clinical trials in the future.
Because all of the cognitivemeasures in the TOMMORROW
neuropsychological battery are scaled for use in the clinical
assessment of NC adults, they are well targeted for use in tri-
als designed to prevent or delay early symptomatic AD, and
possibly other mild cognitive disorders. The co-norming of
the measures that was done in this study provides some
unique advantages when drawing clinical inferences.
Standardized scores (such as Z-scores, t-scores, or percen-
tiles) for all measures are based on the same normative
sample, a situation which allows for a ready assessment of
relative strengths and weaknesses in cognitive performance.
This information can bolster diagnostic confidence of
suspected focal presentations (e.g., stroke), clarify profiles
of generalized cognitive disorders due to various dementias
(such as AD), and reinforce inferences of possible improve-
ment or decline over time.

The TOMMORROW battery was designed to reliably
capture incident cases of MCI-AD. The predetermined cut
points on the composite score (22 SD below the norm)
yielded variability in sensitivity across the four domain
scores; however, specificity was high for all domains. The
strong discriminant performance of the CVLT-II delay tests
and weaker contribution of tests of attention (e.g., digit span
forward and Trails A) is consistent with findings in the
cognitive testing literature that focuses on detection of
mild cases of AD [22–25]. This variability across domains
is expected in AD, in which memory impairment is a
distinguishing feature throughout the disease, whereas the
other domains change over the course of disease
expression. We have constructed the composite taking into
account the variability in disease expression, aiming to
make the composite maximally useful in detecting
longitudinal change and potential treatment effects in the
very early stages of MCI-AD, rather than cross-sectional
change. These expectations are supported by modeling
work with the Women’s Health Initiative Memory Study
[26]. Additional work should be completed to further
improve the composite weighting to allow optimal detection
of treatment change over short- and long-time intervals
anticipated in clinical prevention trials.

Tests translated and culturally adapted for theGerman lan-
guage in Switzerland were compared with the US-developed



Table 4

Strength of age, gender, and education as predictors of NC raw cognitive test scores (n 5 198)

Cognitive tests

Age (years) Education (years) Gender (female vs. male) Total

b Partial R2 P value b Partial R2 P value b Partial R2 P value R2 P value

BVMT-R total recall trials 1–3 scores 20.310 0.0912 *** 0.380 0.0251 * 0.100 0.0001 — 0.1207 ***

BVMT-R delayed recall scores 20.130 0.0941 *** 0.130 0.0165 * 20.240 0.0020 — 0.1160 ***

BVMT-R recognition hits scores 20.010 0.0072 — 0.000 0.0001 — 20.050 0.0015 — 0.0084 —

BVMT-R recognition false-positives scores 0.010 0.0448 ** 20.020 0.0146 — 0.050 0.0050 — 0.0687 **

BVMT-R recognition discrimination scores 20.020 0.0269 * 0.020 0.0037 — 20.100 0.0041 — 0.0355 —

BVMT-R copy accuracy scores 20.020 0.0140 — 0.030 0.0056 — 0.150 0.0045 — 0.0248 —

Digit span forward scores 20.060 0.0347 — 0.090 0.0137 — 20.420 0.0103 — 0.0657 **

Digit span backward scores 20.060 0.0321 ** 0.030 0.0016 — 20.480 0.0152 — 0.0481 *

Digit span total scores 20.120 0.0445 ** 0.120 0.0085 — 20.900 0.0168 — 0.0737 **

Trails A total seconds scores 0.450 0.0343 ** 20.290 0.0025 — 21.880 0.0037 — 0.0438 *

Trails A total error scores 0.000 0.0000 — 20.010 0.0032 — 20.010 0.0002 — 0.0033 —

Trails B total seconds scores 3.200 0.1278 *** 4.020 0.0358 ** 25.950 0.0028 — 0.1728 ***

Trails B total error scores 0.050 0.0667 *** 20.050 0.0123 — 0.020 0.0000 — 0.0822 ***

MiNT scores 20.060 0.0371 ** 0.090 0.0166 * 21.290 0.1142 *** 0.2012 ***

Semantic fluency (animals) scores 20.150 0.0358 ** 0.280 0.0221 * 1.050 0.0111 — 0.0690 **

Lexical fluency (total words) scores 20.120 0.0046 — 0.600 0.0191 — 2.150 0.0087 — 0.0284 —

Lexical fluency (letter D) scores 20.030 0.0012 — 0.370 0.0404 ** 0.930 0.0092 — 0.0438 *

Lexical fluency (letter S) scores 20.070 0.0085 — 0.170 0.0093 — 0.460 0.0025 — 0.0199 —

Lexical fluency (letter F) scores 20.030 0.0019 — 0.070 0.0017 — 0.760 0.0076 — 0.0112 —

Clock-drawing test scores 0.000 0.0000 — 0.040 0.0064 — 0.290 0.0101 — 0.0128 —

CVLT-II trial 1–5 correct scores 20.340 0.0457 ** 0.950 0.0637 *** 5.700 0.0807 *** 0.1773 ***

CVLT-II trial B scores 20.040 0.0197 * 0.140 0.0357 ** 0.990 0.0654 *** 0.1110 ***

CVLT-II short-delay free recall

correct scores

20.100 0.0343 ** 0.170 0.0162 — 1.680 0.0553 *** 0.1095 ***

CVLT-II long-delay free recall

correct scores

20.100 0.0382 ** 0.250 0.0397 ** 1.850 0.0749 *** 0.1467 ***

CVLT-II primacy scores 0.050 0.0023 — 20.270 0.0118 — 1.360 0.0103 — 0.0346 —

CVLT-II middle scores 20.110 0.0082 — 0.400 0.0209 * 20.090 0.0000 * 0.0325 —

CVLT-II recency scores 0.050 0.0024 — 20.130 0.0034 — 21.230 0.0099 — 0.0149 —

CVLT-II total intrusions scores 0.120 0.0115 — 20.140 0.0029 — 20.860 0.0040 — 0.0193 —

CVLT-II total repetitions scores 20.030 0.0047 — 0.030 0.0005 — 0.150 0.0005 — 0.0062 —

CVLT-II total recognition hits scores 0.010 0.0005 — 0.040 0.0054 — 0.290 0.0084 — 0.0104 —

CVLT-II total recognition false-

positives scores

0.050 0.0114 — 20.200 0.0306 * 21.100 0.0329 * 0.0663 **

Abbreviations: BVMT-R, Brief Visuospatial Memory Test–Revised; CVLT, California Verbal Learning Test; MiNT, Multilingual Naming Test;

NC, cognitively normal healthy controls.

*P , .05; **P , .01; ***P , .001.
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versions. The validity, test-retest reliability, and alternate
form reliability results all showed that the psychometric prop-
erties of the translated and culturally adapted tests in German
were in the same direction and of similar magnitude as the
results from English-speaking countries [27]. An example
of the benefits of cultural adaptation is evident from the
lexical fluency test: it was well matched to US standards,
indicating that the letters selected for the German language
(letters D, S, and F) are an appropriate adaptation for word
frequency, compared with the English language version
(letters F, A, and S). Similar to US studies, the test-retest reli-
abilitywas strong formost tests, and lower for other tests (e.g.,
CDTand BVMT-R copy) [28]: this is likely due to these tests
being skewed toward maximum correct value. Strong alter-
nate form reliability supports theuse of a single set of norming
tables to derive standardized scores. Therewas also indication
of slight deviations in German language norms compared
with English language norms, underscoring the importance
of specific German language norms appropriate to the trial
population. The use of these regional norms is crucial for
reducing false-positive errors and costs of inaccurate case
assignment that could occur if English norms were used.
Taken together, current results suggest that the battery is fit
for use in the German language, functioning in a similar
manner to the English version.

Given the number of significant associations observed for
age, age stratification is justified for generation of norming
tables. Regarding gender effect for CVLT-II short-delay
and long-delay, men consistently performed worse than
women on these tests, a finding that has been reported in
other studies using similar verbal memory measures
[9,29]. The gender correction of 11 point for male
participants could avoid the erroneous exclusion of
cognitively healthy men from the study based on low,
albeit normal, performance on the CVLT-II short-delay
and long-delay subtests. We suggest that the future use of
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the TOMMORROW battery in clinical practice may also
benefit from gender corrections on these specific measures
to facilitate accurate diagnostic inferences.

This study has several strengths. First, group classification
of either NC or AD was based on an evaluation by a behav-
ioral neurologist or a neuropsychologist, which was conduct-
ed independent of knowledge of the participant’s
performance on the TOMMORROW battery. Second, the
sampling schema for the NC participants was uniquely
designed to capture the population characteristics of individ-
uals likely to participate in a preclinical AD trial, such as the
TOMMORROW study. Sampling criteria that included
gender and educational attainment for those aged
65–88 years provide a good representation of the range of
normal performance in the local population. Third, this study
had a robust basis for the normative values, whichwere based
on several rigorous and unique study design elements. Trans-
lation of all measures was done in accordance with linguistic
and cultural adaptation guidelines provided by International
Society for Pharmacoeconomics and Outcomes Research
[15]. Moreover, the same normative sample was co-normed
providing uniformity in measurement and ready compari-
sons across tests and cognitive domains within participants,
a capability that is unparalleled in current clinical practice
given that these eight tests (CVLT-II, BVMT-R, Trails A
and B, digit span, lexical fluency, semantic fluency, CDT,
and MiNT) have never been co-normed together.

In conclusion, the German language TOMMORROW
neuropsychological test battery is both linguistically and
culturally valid and measures cognitive performance reliably
across time. All tests were performed in a manner that closely
parallels the English language standards. The few tests that
differed slightly, comparedwithUS normative data, neverthe-
less represent normal cognitive performance for this local
population. The use of the neurocognitive battery and norma-
tive data derived from this study will improve precision for
both measuring cognition in Switzerland and Germany and
diagnosing incidentMCI in clinical trials and clinical settings.
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RESEARCH IN CONTEXT

1. Systematic review: The authors reviewed the litera-
ture using traditional sources and congress abstracts
and presentations. Sensitive metrics are required
for the detection of incident mild cognitive impair-
ment due to Alzheimer’s disease (MCI-AD). Com-
posite end points based on selected neurocognitive
measures are capable of reliably detecting cognitive
decline in older adults at risk of developing AD.
Relevant citations are provided.

2. Interpretation: In an international study, such as the
TOMMORROW study that uses diagnostic criteria
to detect MCI-AD, diagnostic standardization and
validation of the metrics are essential to ensure that
they capture the cognitive and functional features of
early-stage AD across all the cultural settings
included in the study. Here, we established the
reliability and validity of the German language
TOMMORROW neuropsychological test battery.

3. Future directions: The German language battery and
normative data will improve precision for both
measuring cognition and diagnosing incident MCI-
AD in clinical trials and clinical settings in
German-speaking countries.
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