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Summary

Background Visuo-Constructive functions have con-
siderable potential for the early diagnosis and moni-
toring of disease progression in Alzheimer’s disease.
Objectives Using the Vienna Visuo-Constructional
Test 3.0 (VVT 3.0), we measured visuo-constructive
functions in subjective cognitive decline (SCD), mild
cognitive impairment (MCI), Alzheimer’s disease (AD),
and healthy controls to determine whether VVT per-
formance can be used to distinguish these groups.
Materials and methods Data of 671 participants was
analyzed comparing scores across diagnostic groups
and exploring associations with relevant clinical vari-
ables. Predictive validity was assessed using Receiver
Operator Characteristic curves and multinomial logis-
tic regression analysis.

Results We found significant differences between AD
and the other groups. Identification of cases suffering
from visuo-constructive impairment was possible us-
ing VVT scores, but these did not permit classification
into diagnostic subgroups.

Conclusions In summary, VVT scores are useful in-
dicators for visuo-constructive impairment but face
challenges when attempting to discriminate between
several diagnostic groups.
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Visuo-konstruktive Stérung bei Patienten mit
subjektiver kognitiver Stérung, leichter
kognitiver Stérung und Alzheimer-Demenz

Zusammenfassung

Hintergrund Visuokonstruktive Funktionen bieten
ein Potenzial fiir die friihzeitige Diagnose und Uber-
wachung des Krankheitsverlaufs bei der Alzheimer-
Krankheit.

Ziele Der Vienna Visuo-Constructional Test 3.0 (VVT
3.0) wurde verwendet, um visuokonstruktive Funk-
tionen bei subjektivem kognitivem Riickgang (SCD),
leichter kognitiver Beeintrdchtigung (MCI), Alzhei-
mer-Krankheit (AD) und gesunden Kontrollen zu
untersuchen.

Materialien und Methoden Die Daten von 671 Teil-
nehmern wurden analysiert, indem die Ergebnisse
tiber diagnostische Gruppen hinweg verglichen und
Assoziationen mit relevanten klinischen Variablen
untersucht wurden. Die prédiktive Validitdt wurde
unter Verwendung von Receiver Operator Kurven und
einer multinomialen logistischen Regressionsanalyse
bewertet.

Ergebnisse Wir fanden signifikante Unterschiede zwi-
schen der Alzheimer-Gruppe und den anderen Grup-
pen.

Schlussfolgerungen  Zusammenfassend sind VVT-
Scores niitzliche Indikatoren fiir visuell-konstrukti-
ve Beeintrdchtigungen.

Schliisselworter Visuo-konstruktive Fahigkeiten -
Subjektive kognitive Storung - Leichte kognitive
Stérung - Alzheimer Krankheit - Neurokognitive
Storung
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Keypoints

Assessing visuo-constructive functions is a suitable
approach for the early diagnosis of neurodegenerative
conditions.

VVT scores are useful indicatiors for identifying pa-
tients suffering from Alzheimer’s disease and related
visuo-constructive impairment.

It is not possible to classify patients in all stages
of Alzheimer’s disease progression, namely SCD, MCI,
AD and healthy controls into these specific groups re-
liably using only VVT scores.

Introduction

The World Health Organization [1] (WHO) has issued
a call to make dementia a public health priority in
view of the world’s aging population and the over-
whelming impact this condition has on patients, fam-
ilies and societies. One of the key areas of concern
that this organization identified is early diagnosis, as
the early stages of dementia still tend to be overlooked
despite numerous research results [2, 3] which suggest
that the onset of disease-related brain alterations sub-
stantially precedes the manifestations of symptoms.
We thus require reliable and valid instruments that
enable us to detect the mentioned changes as early as
possible and identify the level of disease progression
in patients.

According to the WHO [1], dementia is a syn-
drome caused by progressive brain disease, which
features disturbances in several higher cortical func-
tions. The most common of these underlying diseases
is Alzheimer’s Disease (AD) [1]. One common the-
ory [4] suggests that dementia progresses in several
stages. The early stage is characterized by subjective
cognitive decline (SCD), which progresses to mild cog-
nitive impairment (MCI) and eventually to dementia.
During the transitional SCD phase, patients notice
a subjective deterioration in cognitive functioning
but display inconspicuous neuropsychological test
performance when compared to a sociodemographi-
cally-adjusted norm [4]. This changes, however, when
patients enter the MCI stage, in which an objective
decline in performance can be detected reliably [3, 5].
Eventually, cognitive impairment reflecting the neu-
rodegenerative processes becomes severe enough to
cause deficits in social and occupational functioning,
thus meriting the diagnosis of dementia [5].

Many researchers have reported on the value of
measuring visuo-constructive functions in neuropsy-
chological assessment to identify subjects suffering
from neurocognitive disorders [6-8]. Two recent re-
views, for instance, independently identified visuo-
constructive functions as one important cognitive do-
main for early detection of dementia [9] and the mon-
itoring of disease progression from MCI to demen-
tia [10]. In addition, the fact that visuo-constructive
deficits can become apparent quite early in the course

of dementia [8, 9, 11] increases the importance of as-
sessing this cognitive domain for early diagnosis of de-
mentia. This early decline during visuo-constructive
tasks presumably reflects underlying neurodegenera-
tive changes occurring especially in parts of the pari-
etal lobes [9, 12]. Such changes have been detected
during all stages of AD, including the early ones [13].
Ocurrences related to broader visuo-spatial function-
ing, such as patients getting lost or misplacing objects,
are often among the striking features first noticed in
early AD [14]. However, patients can also suffer from
more subtle deficits, such as difficulties in reading or
in form and color perception, which may ultimately
progress to visual agnosia [15]. Different assessment
modes of visuo-constructive functions have been pro-
posed based either on free-drawing (e.g. clock-draw-
ing [16]) or copying tasks [17]. Copying tasks can be
divided into those using relatively simple geometrical
figures such as circles and squares (e.g. in the test
battery of the Consortium to Establish a Registry for
Alzheimer’s disease (CERAD) [18]), more complex fig-
ures like a three-dimensional cube (e.g. in Alzheimer’s
Disease Assessment Scale [19]) and overlapping pen-
tagons (e.g. in Mini Mental State Examination (MMSE)
[20]) or very complex figures (e.g. The Rey-Osterrieth
complex figure test (ROCF) [21, 22]).

In view of the above, many clinical institutes have
published diagnostic guidelines recommending com-
prehensive evaluation of several cognitive domains in-
cluding visuo-constructive functions. The Diagnos-
tic and Statistical Manual of Mental Disorders (DSM-
5) [23], for example, lists perceptual-motor function-
ing (including the subdimension visuo-constructional
reasoning) as a key domain for the diagnosis of neu-
rocognitive disorders. The National Institute on Ag-
ing-Alzheimer’s Association also includes this domain
in its guidelines for neuropathological assessment of
mild cognitive impairment in Alzheimer’s disease [24].

The Vienna Visuo-Constructional Test (VV/T)!

Taking the factors mentioned above into account, the
VVT was developed at the Medical University of Vi-
enna as a new instrument for assessing visuo-con-
structive functions. Patients are instructed to copy
a clock (a task similarly used e.g. in the Montreal Cog-
nitive Assessment (MoCA) [25]), two overlapping pen-
tagons (as in MMSE [20]), and a three-dimensional
cube (as in ADAS-Cog [19]). The Clockdrawing Test
is a well-established screening instrument in the as-
sessment of AD (e.g. described in review by Pinto,
Peters [16]). Notably, in the VVT a clock-copying task
is included instead of a free clock drawing in order to

! For a more thorough introduction to the VVT please refer to:
Lehrner J. Vienna Visuo-konstruktiver Test (VVT 3.0) — ein Ver-
fahren zur Bestimmung der Visuokonstruktion. www.psimistri.
com; 2019 (Unpublished test manual). The VVT 3.0 can be ob-
tained from www.psimistri.com.
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provide a purer measure of visuo-constructive ability
that is not confounded by additional abilities required
for the free drawing task, such as planning or abstract
thinking [16], which tend to show more frontal than
parietal involvement [14]. Similarly, pentagon-copy-
ing tasks have been shown to be useful in the dis-
crimination of AD and dementias of other subtypes
[26], as well as between AD and HC [27], and have also
shown some potential as indicators of global cognitive
functioning of AD patients [28]. Finally, cube-copy-
ing is a task in which AD patients have been reliably
shown to perform worse than HC [29], even during
early stages of the disease [30].

The psychometric properties of the VVT have been
analyzed by Lehrner et al. [7]. These authors have
reported adequate internal consistency of 0.82 for HC
and 0.93 for the total clinical sample, respectively, as
a measure of the VVT’s reliability. Their analysis also
shows satisfactory results in analyses of discriminant
validity!. Two scoring versions of the VVT are avail-
able, namely a full version and a screening version
which consists of fewer scoring items and can there-
fore be scored faster. Hereinafter, all mentions of VVT
refer to the full version, which consists of 98 scoring
items (32 for the copied clock, 26 for the overlapping
pentagons, and 40 for the cube). Patients’ copies of
figures are scored for those 98 items that have been
shown to provide the best item selectivity in previous
analyses [7], rating overall size, alignment, and length
of individual lines, together with other criteria.

In summary, when compared with three individual
copying tasks, the VVT provides a more thorough
assessment of visuo-constructive functions since it
combines the information of the established figures
with an exact and extensive scoring system and par-
tially eliminates the executive component required for
other tasks (e.g. free clock drawing or ROCF). Based
on these advantages, our goal was to further assess
the utility of visuo-constructive assessment using VVT

scores for clinical classification of HC, SCD, MCI, and
AD in the present design.

Research questions of the present design using the
wvT 3.0

As a first step in the present design, we planned
to assess the VVT’s ability to detect visuo-construc-
tive impairment by using AD group membership as
an indicator, thus permitting the discrimination of
AD and non-AD (HC, SCD, MCI) cases. Further on,
we planned to look into VVT’s potential for a more
complex classification into an impairment-free group
consisting of HC and SCD, a mildly impaired group
(MCI), and a strongly impaired group (AD). The pur-
pose of this was to ascertain whether VVT scores
contain enough diagnostic information to predict di-
agnostic group membership for the cited impairment
levels. We expected HC and MCI, HC and AD, SCD
and MCI, SCD and AD, and MCI and AD to differ in
VVT scores, but did not expect HC and SCD to do
so since SCD patients do not yet show a quantifiable
decline in performance. For the same reason, we
did not expect a successful discrimination between
HC and SCD in the classification procedures. We
also planned to confirm prior findings [31] of indis-
tinguishable performance in figure copying between
male and female participants.

In addition to the above, Lehrner et al. [7] con-
ducted a first analysis of associations between VVT
scores and age, premorbid IQ, depression and the test
variables of the broader Neuropsychological Test Bat-
tery Vienna (NTBV) [32] and reported negligible-to-
low correlations for all of these variables. A further
goal of our design was to take a second look at these
associations with our considerably larger sample. We
expected to find correlations of similar size and con-
firm their first results.

Table 1 Relevant Demographic and Clinical Characteristics in the Sample and its Subgroups
Total Male/ Age Education MMSE WT VT score differ- VT score not differ-
Female ent* from ent* from
N n Mean Mean Median (IQR) Median (IQR) (Mean rank) (Mean rank)
(SD) (SD)
HC 78 26/52 56 (16) 14 (4) 29(2) 73 (16) AD (212) SCD (450)
MCI (388)
Sch 77 40/37 66 (14) 13 (4) 29(2) 75 (11) AD (212) HC (414)
MCI (388)
MCI 288 144/144 68(12) 13(4) 28 (3) 73 (14) AD (212) HC (414)
SCD (450)
AD 228 101127 74 (8) 11 (3) 21 (4) 61 (22) HC (414) -
SCD (450)
MCI (388)
)> 671 311/360 68 (13) 12(4) 27 (6) 69 (16) - -

Age and education in years

WT Vienna Visuo-Constructional Test, HC healthy controls, SCD subjective cognitive decline, MC/ mild cognitive impair-
ment, AD Alzheimer’s disease, MMSE Mini Mental Status Examination, SD standard deviation, /QR interquartile range
*Significant and non-significant group comparisons in VVT scores performed with Kruskal-Wallis analyses y2(3) = 152.28,

p<0.001 and Dunn’s post-hoc comparisons
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Materials and methods

Our analyses are based on anonymized data of mostly
Austrian participants referred to the Department of
Neurology at the Medical University of Vienna for
assessment of cognitive functions collected between
2008 and 2020 in the course of the Vienna Conver-
sion to Dementia Study. This design was approved
by the Ethics Committee of the Medical University of
Vienna and was conducted in accordance with the
Declaration of Helsinki.

Sample characteristics

A sample of 671 adult participants was the basis of
our analyses. Freedom of neurological, psychiatric or
any other comorbidity which could impact cognition,
freedom of psychotropic medication, and a minimum
of eight years of formal schooling had previously been
defined as necessary inclusion criteria following the
recommendations for Mayo research studies [33]. De-
scriptive statistics for the sample and diagnostic sub-
groups can be found in Table 1. The frequencies in the
diagnostic groups were distributed as follows: 77 pa-
tients suffered from SCD (11.5%), 288 patients suf-
fered from MCI (42.9%), 228 patients suffered from
AD (34%), and 78 patients in the separate HC group
(11.6%). Patients were diagnosed based on a clinical
interview together with a neuropsychological assess-
ment of cognitive status using MMSE and NTBV. VVT

scores were not considered for diagnosis. Specifically,
classification into SCD relied on the diagnostic guide-
lines of Jessen et al. [34], which describe, a presenta-
tion with self-perceived cognitive decline and incon-
spicuous neuropsychological test performance. MCI
was diagnosed according to Mayo Clinic criteria [33],
which were also applied to establish healthy cognition
in HC [35]. Thus, participants assigned to the MCI
group showed a manifest cognitive impairment in at
least one cognitive domain as assessed by the NTBV.
NICDS-ADRDA [36] and DSM-V criteria [23], includ-
ing subtle disease onset together with gradual, pro-
gressive decline in memory and other cognitive do-
mains, were applied for the diagnosis of AD. Group
classifications were mutually exclusive. HC were re-
cruited via public postings in the university clinic.

Instruments

The NTBV assesses a broad range of cognitive do-
mains, such as psycho-motor speed, attention, lan-
guage, memory, and executive functioning. It has
been validated as a neuropsychological instrument on
numerous occasions [32]. Before administering the
NTBV in our study, the MMSE was used as a screen-
ing tool to evaluate global cognitive functioning [20].
If a patient scored below 24 points, the NTBV was ad-
ministered in a shortened version with 9 instead of
13 subtests and with a reduced number of repetitions
in some of the remaining subtests. If a patient scored

VVT Score Distributions in Diagnostic Subgroups
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below 15 points it was not administered at all in order
to avoid overstraining severely ill patients. Depression
was measured using the BDI-II (Beck Depressionsin-
ventar II) [37] and premorbid IQ was assessed using
the Wortschatztest (WST) [38].

Statistical analyses

Our statistical analyses were conducted using IBM
SPSS Statistics for Windows, version 21.0. In order
to compensate for family-wise error (the accumula-
tion of type 1 errors), we adjusted the alpha level of
0.05 using Bonferroni correction. As a result, signif-
icance for all results was established with regard to
an adjusted alpha of 0.001. Non-parametric Kruskal-
Wallis analyses were performed to compare the means
of VVT scores in all diagnostic groups. Subsequently,
we used pairwise Dunn’s post-hoc comparisons to ex-
plore differences. One-tailed testing was applied in
all comparisons except HC and SCD, due to postu-
lated disease progression. Male and female cases were
compared using Mann-Whitney U Test. We first as-
sessed predictive validity of VVT scores using Receiver
Operator Characteristic (ROC) curves with AD as the
positive condition, thus categorizing cases as AD and
non-AD, and identified the ideal cut-off for this cate-
gorization according to the Youden Index. Both pos-
itive and negative predictive values (PPV/NPV) and
positive and negative likelihood ratios (LR+/LR-) were
computed. Using the multinomial logistic regression
model, we obtained predictions for diagnostic group
membership for each case and performed cross-tab-
ulation analysis to compute Cohen’s Kappa as a mea-
sure of agreement between these and the observed
diagnoses.

In addition, pairwise comparisons between groups
based on the logistic regression model were con-
ducted and yielded estimates for B coefficients and
odds ratios for group classification. Finally, Spear-
man’s correlation analyses were applied to explore
associations between the mentioned sociodemo-
graphic, emotional, cognitive and neuropsycholog-
ical variables and VVT scores. Correlation size was
interpreted according to the guidelines suggested by
Hinkle et al. [39].

Results
Group comparisons

VVT score distributions in the diagnostic groups are
displayed in Fig. 1. A comparison of VVT scores with
Kruskal-Wallis analyses using diagnosis as the group-
ing variable yielded significant results: x?(3) = 152.28,
p<0.001, mean ranks: HC 414, SCD 450, MCI 388, AD
212. In subsequent Dunn’s post-hoc comparisons HC
was shown to differ significantly from AD (p<0.001)
but not from SCD (p=0.129) or MCI (p=0.144). SCD
was again significantly different from AD (p<0.001)

Table 2 Parameters of Multinomial Logistic Regression
Analysis with VVT Scores as Predictors for Diagnostic
Group Membership

Reference B (SE) Intercept B (SE) WT 0dds Ratio with 95%
category Cl
HC SCD  -1.45(1.29) 0.02 (0.02) 1.02 [0.99; 1.06]
MCl  2.55(0.95) -0.02 (0.01)  0.98[0.96; 1.01]
AD  7.98(1.13)* -0.10 (0.02)*  0.90[0.87; 0.93]
SCD MCI  3.98 (1.04)* —0.04 (0.01)  0.96 [0.94;0.99]
AD  9.94(1.36)* -0.13(0.02)* 0.88[0.85; 0.91]
Mcl AD  5.19(0.62)* -0.08 (0.01)*  0.92[0.90; 0.94]

WT Vienna Visuo-Constructional Test, HC healthy controls, SCD subjective
cognitive decline, MC/ mild cognitive impairment, AD Alzheimer’s disease,
SE standard error

*Significance at the adjusted alpha level of 0.001

but not MCI (p=0.007). MCI also differed signifi-
cantly from AD (p<0.001). We also compared male
and female participants using Mann-Whitney U test
(U=54,374, p=0.521, mean ranks: male 341, female
332) and found no significant differences.

Predictive validity of VVT scores for diagnostic group
membership

Our ROC analysis using VVT scores as predictors
yielded an AUC value of 0.783, 95% CI [0.747; 0.819],
p<0.001, at an optimal cut-off of 70 and with a sen-
sitivity of 0.78 and a specificity of 0.64. Thus, we
categorized cases with 70 or more points as non-AD
and cases with less than 70 points as AD. Based on
this categorization, we computed corresponding PPV
of 0.53 and NPV of 0.85. Finally, LR+ was determined
at 2.15 and LR- at 0.35. Taking the total sample into
account and using HC as the reference category, the
multinomial logistic regression model was found to
be significant (p<0.001) and specified with X?=187.36
and Pseudo-R? (Nagelkerke) =0.27. The estimates of
the B parameters and odds ratios of the pairwise
group comparisons are displayed in Table 2.

The model classified 70.7% of cases as MCI and
29.3% of cases as AD. No cases were predicted to be-
long to HC or SCD. Hence, 81.3% of cases with an
MCI diagnosis and 53.2% of cases with an AD diagno-
sis were classified correctly by the regression model,
but diagnostic group membership was not predicted
correctly for any cases with HC or SCD diagnoses. As
a result, the overall percentage of cases for which di-
agnostic group membership was predicted correctly
was 53%. Cohen’s Kappa was determined significantly
with 0.21 (p<0.001).

Correlates of VVT scores

Associations between VVT scores and relevant vari-
ables are displayed in Table 3. VVT scores displayed
a moderate positive correlation with MMSE (r=0.50).
In the cases of premorbid IQ and depression, no re-
lationship with VVT scores was found. A low negative
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Table 3 Spearman’s Rank Correlations Between VV
Scores and Relevant Demographic and Clinical Variables

WT score r p

Age —0.34* <0.001
Education 0.21* <0.001
MMSE 0.50* <0.001
WST-1Q 0.08 0.127
BDI-II -0.06 0.208
AKT time —-0.42* <0.001
AKT total/time 0.44* <0.001
Digit-symbol 0.28* <0.001
Symbol Counting (c..) —0.42* <0.001
TMT A —0.49* <0.001
TMT B —-0.36* <0.001
SWT 0.24* <0.001
PWT 0.16 0.001
BNT 0.34* <0.001
VSRT immediate recall 0.33* <0.001
VSRT total recall 0.42* <0.001
VSRT delayed recall 0.40* <0.001
VSRT recognition 0.29* <0.001
5-point correct 0.27* <0.001
5-point perseverations —0.18* 0.001
Stroop Test NAI-I (time) —0.28* <0.001
Stroop Test NAI-Il (time) —0.29* <0.001
Stroop Test NAI-IIl (total/time) 0.29* <0.001
Stroop Test NAI-Ill—NAI | —0.23* <0.001
Labyrinth time —-0.46* <0.001
Labyrinth total/time 0.45* <0.001
TMT B—TMT A -0.32* <0.001
Interference (c.l.) time -0.51* <0.001
Interference (c.l) total/time 0.52* <0.001

AKT, Digit-symbol, Symbol Counting (c.l.), TMT-A, TMT-B, SWT, PWT, BNT,
VSRT, 5-point, Stroop Test (NAI), Labyrinth, Interference (c.l.) are subtests of
the NTBV (long version). Digit-symbol, TMT-B, 5-point, Stroop Test (NAI) are
excluded in the NTBV (short version). SWT, PWT, VSRT are shortened in the
NTBV (short version). Age and education in years

WT Vienna Visuo-Constructional Test, HC healthy controls, SCD subjective
cognitive decline, MCI mild cognitive impairment, AD Alzheimer’s disease,
MMSE Mini Mental State Examination, WST Wortschatztest, BD/-Il Beck
Depressionsinventar Il, AKT Alters-Konzentrations-Test, c./. cerebraler In-
suffizienz-Test, TMT Trail Making Test, SWT Semantischer Wortfliissigkeit-
stest, PWT Phonematischer Wortfllissigkeitstest, BNT Boston Naming Test,
VSRT Verbaler Selektiver Reminding Test, NA/ Niirnberger Altersinventar
*Correlation is significant at the adjusted alpha level of 0.001

correlation was found for age, and a negligible positive
correlation was found for education. Many variables
of the NTBV showed significant positive or negative
correlations with VVT scores, but all of them were of
small, barely moderate or negligible size.

Discussion

We applied the present design to determine the poten-
tial of neuropsychological assessment of visuo-con-
structive functions using the VVT for detection of cog-
nitive impairment and dementia. In addition, we eval-

uated the capacity of VVT to distinguish patients suf-
fering from MCI and AD from the unimpaired and
to classify cases correctly into these groups. To com-
plete our analysis, we explored associations between
VVT scores and other clinical variables.

Group comparisons

We revealed significant differences in VVT scores be-
tween AD and each one of the other diagnostic groups.
In other words, visuo-constructive performance was
significantly lower in AD than in all other groups, con-
firming the value of VVT scores as indicators of visuo-
constructive impairment, which is hypothesized to be
strongest in this group. As expected, HC and SCD
did not differ significantly since SCD patients receive
this diagnosis due to perceived cognitive decline com-
bined with inconspicuous neuropsychological perfor-
mance. We expected scores to be significantly lower
in MCI than in HC and SCD, but this was not the
case. One possible explanation is that MCI is a het-
erogenous condition with different subtypes, some of
which include only one cognitive domain while others
include multiple domains [5], so that the degree of vi-
suo-constructive impairment is likely to vary from one
MCI case to another. Though HC showed a seemingly
low average score of 73, poor performance of HC on
visuo-constructive tests has previously been reported
on different occasions. For instance, frequent mis-
takes on a pentagon-copying task and a cube-copying
task have been shown to be quite prevalent in the
healthy elderly [40, 41]. Thus, our finding might actu-
ally be representative of the normal variations of vi-
suo-constructive functions in the healthy elderly pop-
ulation.

Predictive validity of VVT scores for diagnostic group

The results of our ROC analysis suggested a VVT score
below 70 as the best indicator for the presence of AD.
Based on the diagnostic parameters computed by us
using this cutoff, 78% of AD patients were identified
correctly and 64% of non-AD cases were correctly clas-
sified as not having AD. Thus, 53% of cases classified
as AD actually had this condition (true positives) and
85% of those classified as non-affected did not have
AD (true negatives). These results show limited ac-
curacy of VVT-based classification. The guidelines of
Jaeschke et al. [42] for the interpretation of LR values
would classify the VVT as having low levels of diag-
nostic validity; that is, the test results are unlikely to
be relevant in the majority of cases but may be impor-
tant in some cases. These authors also mention some
confounding factors that can impact test accuracy as
indicated by LR values, especially disease severity and
the presence of competing diseases with similar man-
ifestations. In fact, different manifestations of disease
severity are likely in MCI, but also in AD, as patients
usually live with this disease for several years after re-
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ceiving the diagnosis [43]. As a result, participants
with different pathology progressions and resulting
varying levels of visuo-constructive impairment are
likely to have been present in our sample. It should
also be noted in this context that the presence of com-
peting diseases may have impacted visuo-construc-
tional performance differently for participants, since
prior research has shown an association between the
number of present comorbidities and cognitive func-
tioning [44]. Thus, future studies assessing visuo-con-
structive functions should take the number of comor-
bid diseases into account as a possible confounding
variable.

Our multinomial logistic regression analysis deter-
mined Pseudo-R? at 0.27, which means that 27% of the
variance of diagnostic group membership could be ex-
plained by the predictor. The classification procedures
of the multinomial logistic regression model labeled
all cases as either MCI or AD while HC and SCD were
ignored. As a result, a low value of 53% for correctly
predicted group membership was attained. In simpler
terms, cases with higher VVT scores were assigned to
the MCI group, which was the largest sub-sample of
the non-AD groups, and those with lower VVT scores
were ascribed to the AD group. The measure of agree-
ment between predicted and observed categories was
determined at a low Cohen’s Kappa of 0.21. It seems
that there is not enough information in VVT scores
to enable the regression model to make precise clas-
sification decisions, probably because scores are too
similar in HC, SCD, and MCI, as shown also by the
lack of significant differences. Thus, the main prob-
lem seems to be that the test is unable to reliably de-
tect mild impairments present in the sample. It can,
however, aid in identifying strong visuo-constructive
impairment and thereby assist in distinguishing be-
tween those patients who already suffer from manifest
AD and those who (so far) do not.

As proposed above, the heterogeneity of MCI might
be a possible reason for this finding, and this hypoth-
esis is supported by a recent review [45] reporting
no typical order of decline across different cognitive
functions in MCI, with a consequent diversity in clin-
ical manifestations. Though the lack of significant
group differences between HC and MCI clearly lim-
its the potential of VVT scores as indicators of early
dementia, these could nevertheless be used to mon-
itor persons suffering from MCI in order to assess
disease progression, as VVT scores have been shown
to be significantly lower when the phase of AD is
reached. Thus, future research should look into the
development of VVT scores across multiple points of
assessment, especially in MCI. In addition to the
above, use of VVT scores as a supplemental diagnos-
tic measure could be assessed for the identification
of AD. Belleville et al. [10], for instance, report in-
creased sensitivity when a measure of visuo-construc-
tive functions is combined with a measure of a differ-
ent cognitive function, such as associative memory.

Accordingly, the VVT might also prove useful as part
of a broader neuropsychological test battery, such as
the NTBV.

Correlates of VV/T scores

As reported before [7], neither age, education nor
premorbid IQ showed moderate or large associations
with VVT scores in our sample, and the same was the
case for depression. We therefore conclude that none
of these variables is of relevant importance for visuo-
constructive performance as measured by VVT scores.
We did, however, find a moderate positive correlation
revealed for VVT and MMSE scores. Since this find-
ing is at least partly attributable to the fact that the
MMSE is a screening measure for assessing the global
cognitive status of patients and includes a pentagon-
copying task, it should be interpreted with caution
due to the compromised correlation. Previous studies
[28] have shown the connection between drawing or
copying performance and the global cognitive status
of patients which might also explain several signifi-
cant small to moderate associations that VVT scores
show with many of the subtests of the broader NTBV
(AKT, VSRT, Labyrinth, Interferenz etc.) that are re-
lated to distinct cognitive domains such as memory
or attention. These are similar in size to those re-
ported before by Lehrner et al. [7]. Finally, given that
VVT scores did not show any large correlations with
any other neuropsychological variables as measured
by the NTBV, there is no problematic overlap of the
measured constructs. This confirms the satisfactory
discriminant validity found by the same authors.

Strengths and limitations of this design

Some strengths and limitations should be considered
for the interpretation of our findings. On the one
hand, we were able to recruit a large sample including
groups in several disease stages, from the impairment-
free to patients with incipient conditions to those suf-
fering from advanced deficits. On the other hand, we
had to shorten the assessment for the latter group re-
sulting in less available data regarding some of the
variables of the NTBV and related correlational anal-
yses, especially for the AD group. Furthermore, while
our patients were diagnosed by experienced clinicians
based on a comprehensive neuropsychological assess-
ment, our sample only featured those patients who ac-
tively sought us out or had been referred to us. With
regard to our main instrument, the VVT, additional
limitations should be considered. In the first place,
the fact that we conducted our analyses using raw
scores of the VVT might have resulted in a confound-
ing effect of sociodemographic variables even though
correlations with VVT scores were small. Secondly, an
additional instrument for the assesment of the visuo-
constructive function could have served as a test of
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reference and provided further insight into the psy-
chometric quality of the VVT.

In spite of these limitations, our findings will be
useful for a deeper comprehension of visuo-construc-
tive deficits in the context of dementia and have
served to reveal the potential of the VVT for future
research in this area.
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