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Abstract
Background—Visuoperceptual processing is impaired early in the clinical course of
Alzheimer’s disease (AD). The 15-Objects Test (15-OT) detects such subtle performance deficits
in Mild Cognitive Impairment (MCI) and mild AD. Reduced brain perfusion in the temporal,
parietal and prefrontal regions have been found in early AD and MCI patients.

Objectives—To confirm the role of the 15-OT in the diagnosis of MCI and AD, and to
investigate the brain perfusion correlates of visuoperceptual dysfunction (15-OT) in subjects with
MCI, AD and normal aging.

Methods—Forty-two AD, 42 MCI and 42 healthy elderly control (EC) subjects underwent a
brain Single Photon Emission Tomography (SPECT) and separately completed the 15-OT. An
analysis of variance compared 15-OT scores between groups. SPM5 was used to analyse the
SPECT data.

Results—15-OT performace was impaired in the MCI and AD patients. In terms of the SPECT
scans, AD patients showed reduced perfusion in temporal-parietal regions, while the MCI subjects
had decreased perfusion in the middle and posterior cingulate. When MCI and AD groups were
compared, a significant brain perfusion reduction was found in temporo-parietal regions. In the
whole sample, 15-OT performance was significantly correlated with the clinical dementia rating
scores, and with the perfusion in the bilateral posterior cingulate and the right temporal pole, with
no significant correlation in each separate group.
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Conclusion—Our findings suggest that the 15-OT performance provides a useful gradation of
impairment from normal aging to AD, and it seems to be related to perfusion in the bilateral
posterior cingulate and the right temporal pole.
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INTRODUCTION
Structural and functional neuroimaging has focused on the early detection of Alzheimer’s
disease (AD), with a special interest in predicting conversion to dementia by those patients
with Mild Cognitive Impairment (MCI) [1-9]. Functional brain imaging studies in mild AD
have found significant hypometabolism and reduced cerebral blood flow in the medial
temporal lobe, the temporal-parietal cortex, posterior cingulate, precuneus and dorsolateral
frontal cortex [6,10-19]. Similar changes have been found in subjects with MCI using
Single-Photon Emission Computed Tomography (SPECT) [7,14,20,21], and longitudinal
studies have found hypoperfusion in the medial temporal lobe, the posterior cingulate gyrus
and precuneus, and the parietal cortex and frontal cortex in MCI patients that later
progressed to dementia [6-9].

Changes in brain structure sufficient to be detected by MRI usually follow changes in brain
function and behavior (e.g., [22]), which may limit their utility in pre-symptomatic
individuals. Thus, cognitive tests that challenge brain functionality may provide greater
sensitivity in terms of predicting the change from MCI to AD [23]. For example, impaired
performance on tests measuring visuoperception can be detected in patients with amnestic
MCI, a condition that in many instances represents very early, prodromal AD [24-26], and
these visuoperceptual deficits worsen with disease progression [26,27].

We have reported that the 15-Objects Test (15-OT), a relatively complex test of
visuoperceptual processing, detects subtle performance deficits in MCI and mild AD
patients who otherwise perform normally on measures of visual discrimination [25]. Our
findings indicated that the 15-OT test is sensitive to the clinical progression of the
visuoperceptual impairment associated with AD. However, in order to increase the clinical
and research utility of the measure, it will be important to understand the relationship
between 15-OT performance and measures of brain function.

In this study we investigated the relationship between the 15-OT and brain perfusion
(SPECT) in mild AD and MCI patients. To the extent that the 15-OT is mainly a
visuoperceptual task, we would predict that performance on the test would be related to
perfusion in the temporo-parietal areas. Not only does the 15-OT involve visual perception
[28], and thus require the parietal lobes, visual object identification has been found
associated with posterior cingulate perfusion using SPECT [29]. We would thus expect that
15-OT performance would be related to cerebral perfusion along the occipito-temporo-
parietal axis. This prediction is supported by the hypothesis that there is functional hierarchy
in the occipital-temporal pathways in which neuronal properties shift from sensitivity to
local object features to a more global and holistic representation (that is, the semantic
processing) [30]. Moreover, we would expect that the pathological progression of AD from
MCI would have an effect on brain perfusion in these critical regions.
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The purpose of the present study was to confirm the role of the 15-OT in the diagnosis of
MCI and mild AD, and to investigate the brain perfusion correlates of visuoperceptual
dysfunction (as measured by the 15-OT) in subjects with MCI or AD.

METHODS
The data reported in this manuscript were obtained in compliance with the regulations of the
Diagnostic Unit of Fundació ACE, and human subject research was completed in
accordance with the guidelines of the Helsinki Declaration. A regional ethics committee
(Clinical Investigation’s Ethical Committee from Hospital Vall d’Hebron) approved the use
of human subjects for this study. Written informed consent was obtained from all control
and MCI participants, and from all participants with AD and their caregivers, prior to the
procedures described below.

Subjects
We studied a sample of 148 subjects divided into three groups: 51 mild AD patients, 48 MCI
subjects and 49 healthy elderly controls (EC). From this original sample, we selected 126
subjects, 42 subjects per group, with equivalent ages and educational level. Age, education
and gender distribution were similar among the groups (see Table 1). All subjects were
assessed in the Diagnostic Unit of Fundació ACE (Barcelona, Spain), and they received a
comprehensive neurobehavioral evaluation as part of their diagnostic work-up.

The AD patients met the National Institute of Neurological and Communicative Disorders
and Stroke-Alzheimer’s Disease and Related Disorders Association (NINCDS/ADRDA)
criteria for Probable AD [31]. All AD patients had a clinical dementia rating (CDR) score of
1, indicating a mild degree of dementia. All AD patients were taking stable doses of
acetylcholinesterase inhibitors (AChEIs) for at least 2 months prior to the study.

The MCI patients fulfilled Petersen’s diagnostic criteria [32], including subjective memory
complaints, normal general cognition, preserved performance in activities of daily living,
absence of dementia and a measurable impairment in memory function, with or without
deficit in other cognitive domains (MCI amnestic single domain or MCI amnestic multiple
domain) [33]. All MCI subjects had a CDR rating of 0.5 and none were taking any dementia
medication (i.e., AChEIs or memantine).

The control subjects included the patients’ spouses, friends or relatives who agreed to
participate. They had no cognitive complaints or other neurologic symptoms reported either
by the participant or an informant, and there was no evidence by history of functional
impairment due to declining cognition. All of the control subjects had Mini-Mental State
Examination (MMSE) [34] scores of at least 26 (the lower limit of the normal range in the
Spanish population older than 70 [35]), and normal performance on the neuropsychological
battery (detailed elswhere [25] and the RBANS visual memory subtest [36]). Although most
of the control subjects did not have any CT or MRI, the subjects were considered as controls
when the neurological and neuropsychological exams were normal.

For the whole sample, exclusion criteria were: age younger than 65 years, illiteracy,
presence of moderate depressive symptoms (Geriatric Depression Scale ≥10) [37], major
depression or other DSM-IV Axis-I psychiatric disorder (except for dementia), neurological
disease (other than dementia), structural focal lesion on CT imaging (stroke or tumors, brain
traumatic injury, moderate leukoaraiosis or more than one lacunae), history of alcohol or
other substance abuse, severe visual abnormalities including glaucoma or cataracts, or
significant aphasia.
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Neuropsychological assessment
In the 15-OT [38], the subjects were shown a card with 15 overlapping line drawings of
common objects. They were asked to say aloud the names of all of the objects that they
could see on the card, and the number of correct responses was recorded. Subjects were
allowed to take as much time as they needed to identify as many objects as they could.
Errors or misidentifications were also recorded (that is, the incorrect interpretation of an
object or the incorrect interpretation of a part of an object). To limit the influence of
impaired naming, when subjects were unable to name an object that they had correctly
identified (i.e., if they were able to define or describe the object), the answer was taken as
correct (i.e., “To play tennis” instead of “A racquet”).

As we explained in a previous study [25], the 15-OT was developed by Pillon and
coworkers [38] to assess the slowing of cognitive processing (measuring the time needed to
complete the task) in Parkinson’s disease (PD), and until our previous study it had only been
used in patients with PD [38, 39, 40] and Huntington’s disease [41, 42]. We were the first to
use response accuracy of the 15-OT as a measure of performance, and we did so because of
the lack of a similar visuoperceptual test to detect subtle changes in the mild stages of AD
[25]. Although the 15-OT has not specifically been validated as a visuoperceptual test, it is
based on the Poppelreuter paradigm which accurately explores visuoperceptive abilities
[28].

The neuropsychological battery administered in the diagnostic procedure included tests
sensitive to orientation, attention, verbal learning and memory, language, visual gnosis,
praxis and executive functions (see [25] for details) and visual memory (the RBANS visual
memory subtest [36]). The MMSE [34] was used as a measure of global cognition.
Moreover, depressive symptoms were assessed with the Geriatric Depression Scale [37].

Brain SPECT procedure
Within three weeks following the clinical assessment, a brain SPECT was performed. After
lying supine in quiet surroundings, each subject received an intravenous injection of 740
MBq 99mTc-ECD (Neurolite®, Bristol-Myers Squibb). The SPECT acquisition began
between 30 and 120 minutes after intravenous injection, in a double-headed gamma camera
(Siemens e-Cam) equipped with low-energy, high-resolution collimators. The SPECT
acquisition consisted in 30 seconds frames, 1 image / 3°, format 128×128. The studies were
reconstructed using filtered back projection (Butterworth 0.4 – 0.5, cut off 7), without Chang
attenuation correction.

Image VBM analysis
A voxel-level analysis was performed using Statistical Parametric Mapping (SPM5, using
non-attenuation corrected studies), running on Matlab 7.2 (Mathworks Inc, Sherborn, MA).
Images were initially converted from DICOM to Analyze format using MRIcro
(http://www.mricro.com), and transferred to SPM5. The images were normalized to the
Montreal Neurological Institute atlas, and the dimensions of the resulting voxels were
3×3×3 mm. Between-group analyses were performed using ANOVA with the proportional
scaling normalization routine to control for individual variation in global brain perfusion.
The SPM {T} maps were obtained using a cluster and voxel level threshold corrected for
multiple comparisons using a False Discovery Rate (FDR of p< 0.05) [43] and were
corregistered to the MRI T1 template from SPM to locate the cluster areas.

Region of interest (ROI) analyses were performed with those clusters that showed
significant brain perfusion differences between controls and AD patients using the WFU-
Pickatlas software toolbox (http://fMRi.wfubuc.edu/CMS/software). The PickAtlas software
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toolbox [44, 45] provides a method for generating ROI masks based on the Talairach
Daemon database [46, 47], using Brodmann areas, Lobes, Hemispheres, Anatomic Labels
(gyral anatomy) and Tissue Type. The atlases have been extended to the vertex in the
Montreal Neurological (MNI) space. Eigenvariates were extracted at the peak voxels for
identified clusters using the Volume of Interest (VOI) tool within SPM5.

Statistical analysis
Statistical analysis of the clinical variables was performed using SPSS for Windows (version
15.0; SPSS Inc., Chicago, Ill). An analysis of variance (ANOVA) and post-hoc analyses
(Bonferroni) were used to compare sociodemographic, clinical and neuropsychological data
between the three groups. Pearson’s correlation tests were performed between the 15-OT
scores and CDR, MMSE, neuropsychological tests and SPECT data. A linear multiple
regression analysis, using the stepwise procedure, was performed to determine which
neuropsychological tests were able to predict performance on the 15-OT. Moreover, a
Component Analysis with Varimax rotation was carried out using the variables that
correlated with the 15-OT in the case of clinical groups.

RESULTS
The scores of the subjects on the neuropsychological tests are shown in Table 2.
Performance on the MMSE were progressively lower from EC to MCI and AD patients (see
Table 2). The 15-OT performance was significantly different between groups. Scores of
MCI and AD patients were significantly lower than those of controls, and the MCI subjects
performed significantly better than the AD patients. In the whole sample, the 15-OT
performance was significantly correlated with the CDR (r= −0.63; p< 0.001) and the MMSE
(r= 0.67; p< 0.001) scores. As detailed in Table 3, the performance of the MCI and AD
patients on the 15-OT was highly correlated with performance on the Poppelreuter test, and
the measures of visual naming and phonetic verbal fluency.

The control group and patients (MCI and AD groups) differed on the relationship between
the 15-OT and the other neuropsychological tests. The sense of the correlation values
between the 15-OT and the other cognitive tests was the same in the three groups, but in the
control group only the MMSE reached the significance. The other correlations were small.
Probably, these results were partially determined by a ceiling effect in this group (table 3).

The variables related to visuoperception and language were introduced in the a linear
regression analysis to examine the influence of semantic knowledge and visuoperceptual
functions on the performance of the 15-OT. We also took into account the results of
preliminary correlation analyses between the 15-OT and the neuropsychological tests. The
stepwise linear multiple regression analysis (including the 15-BNT, phonetic and semantic
verbal fluency, and Poppelreuter tests) executed on the clinical sample (MCI and AD)
showed that only phonetic verbal fluency (ß= 0.35, p= 0.0005) and the Poppelreuter test (ß=
0.41; p= 0.0005) were related to the 15-OT. Moreover, a Principal Component Analysis with
Varimax rotation was carried out in the MCI and AD patients using the variables that
correlated with the 15-OT (See Table 3). The best solution included three dimensions that
explained 70.4% of the variance. The first dimension included high factor loadings for the
Poppelreuter test (0.85), 15-OT (0.80) and BNT (0.67). The second factor included memory
(0.88) and learning (0.79) and the third factor was constituted by phonetic (0.90) and
semantic verbal fluencies (0.60).

Significant hypoperfusion was found in AD patients compared to controls in the temporal
pole (bilaterally), the parahippocampal gyrus (right), middle and posterior cingulate
(bilaterally), angular gyrus, supramarginal gyrus and inferior parietal lobe (right). Compared
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to MCI subjects, AD patients showed significant brain perfusion reduction in the same areas
as the EC-AD comparison, except for bilateral middle and posterior cingulate. This latter
structure was the only one found to be significantly hypoperfused in MCI compared to EC
(Table 4 and Figure 1).

The perfusion levels of the MCI patients fell between those of the EC and AD groups. The
data from the eigenvariates for the five regions identified in the EC/AD contrast were
entered into a MANCOVA, with age as a covariate. The overall model was significant
(Hotellings F(10, 234)= 110.3, p<0.001). The differences between all of the groups were
significant in each of the five brain regions (p< 0.001) (see Figure 2).

The correlation between 15-OT performance and perfusion in all 126 participants revealed
that regions of the posterior cingulate and the pole of the right temporal lobe were
significantly linked to succesful performance. The eigenvariates from these regions were
significantly correlated (p< 0.001) with the 15-OT (temporal pole r= 0.48; posterior
cingulate r= 0.55), the abbreviated 15-BNT (temporal pole r= 0.40; posterior cingulate r=
0.46), the Poppelreuter test (temporal pole r= 0.34; posterior cingulate r= 0.37) and the
MMSE scores (temporal pole r= 0.68; posterior cingulate r= 0.72) even after adjusting for
age. As shown graphically in Figure 3, the performance on the 15-OT was more accurate
among those MCI patients with higher eigenvariates in the posterior cingulate. However, no
significant correlations were found in any of the individual groups. The EC and AD groups
did not show statistically significant correlations likely due to ceiling and floor effects.

DISCUSSION
The results of the present study confirm and extend our understanding of the
neuropsychological deficits in MCI and AD, and their neuroanatomical correlates. We
replicated our prior findings that performance on the 15-OT is progressively less accurate as
subjects move from normal cognition through MCI to AD [25]. Second, we found that
performance on the 15-OT was highly related to performance on the Poppelreuter test, and
measures of visual naming and phonetic verbal fluency. The 15-OT was also linked to
perfusion in the posterior cingulate and anterior temporal cortices. Third, subjects with MCI
showed decreased brain perfusion in the posterior cingulate that was between that of the EC
and AD groups.

We interpret the pattern of correlations between 15-OT performance and both cerebral
perfusion and neuropsychological tests, as reflecting two separate, but related, processes
(that is, dementia severity and semantic networks). The first is related to overal dementia
severity, and is reflected in the perfusion in the posterior cingulate gyrus. Alteration of the
temporal-parietal cortex and posterior cingulate gyrus are strong predictors of conversion to
AD from MCI [1, 50]. Longitudinal studies have reported brain perfusion reduction of the
posterior cingulate gyrus and precuneus in those MCI subjects who converted to AD [6, 7,
51]. Further, the decreasing perfusion in the posterior cingulate may reflect alterations in the
default mode network [51, 52] which is down-regulated in AD. Thus, as posterior cingulate
perfusion decreases with increasing severity of the degenerative process, performance on the
15-OT declines. Alternatively, visuoconstructional and visuoperceptual functions may be
affected by decreased posterior cingulate perfusion [29]. In addition, we found that
performances on the15-OT and another recognized visuoperceptual test (Poppelreuter) were
highly related in MCI and AD patients. However, as the degree of atrophy and dysfunction
in the posterior cingulate is related to severity of AD [53], we believe that the most
parsimonious explanation of these findings is that they reveal the link between 15-OT
performance and overall clinical state. In this regard, in our sample the 15-OT was found
highly related to the CDR and MMSE scores, which reflects dementia severity.
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In terms of the correlation between the 15-OT performances and the 15-BNT scores and the
anterior temporal lobe perfusion, there is evidence that this part of the ventral processing
stream [54] is involved in processing semantic information [55]. This part of the temporal
lobe is generally not affected early in the course of AD and MCI [56], so perhaps the
correlation reflects the demands of the 15-OT, in particular identifying objects from a field
of overlapping visual information. Moreover, in our clinical sample, the Principal
Components Analysis showed that the 15-OT was included in the same dimention than the
visuoperceptual (Poppelreuter) and visual naming (15-BNT) tests.

Obviously, these interpretations of the data are speculative, and they must be tested with
longitudinal data. If they are correct, we would predict that change in the 15-OT
performance would be related to change in perfusion in the posterior cingulate and right
temporal pole. As clinical disease becomes more severe, we might find that other brain
regions are linked to performance, but our hypotheses require that we are able to predict
performance change from these specific alterations in regional perfusion.

Scores on the 15-OT were abnormal in the MCI and AD patients, and the performance
deficits were more severe in the AD group relative to the MCI group. Thus, this
neuropsychological test provides a useful gradation of visuoperceptual impairment. These
findings, in combination with other studies, strongly suggest that MCI may be early
identified in elderly using an exhaustive assessment of cognitive functions rather than
simply focusing on memory [24, 57-59].

Our SPECT findings are also consistent with previous studies using PET [15, 16, 18] and
SPECT [6, 13, 17, 51]. The AD patients had significant hypoperfusion in the temporal lobes,
in parietal cortex including the precuneus and angular gyrus, and cingulate. The reductions
in perfusion may reflect cortical atrophy and the disconnection of these cerebral regions
from the mesial temporal lobe [60].

There are several aspects of this study that need to be kept in mind when interpreting the
data. First, the SPECT imaging was done with the subjects at rest and the 15-OT data were
obtained at a different time. As such, the correlations between the 15-OT and the SPECT
have to be interpreted with caution. Second, we did not have anatomical MRI scans from
these subjects. Consequently, although all of the data were spatially normalized to a standard
template, we did not perform any atrophy correction. Thus, some of our results may have
been related to focal regional atrophy and we cannot determine which structural changes can
explain the functional ones. A major concern in the interpretation of the results of the
SPECT studies in our healthy elderly control subjects is the absence of structural imaging.
Normal cognitive performance could have occurred because of functional compensation
despite morphological abnormalities.

In conclusion, our findings suggest that the 15-OT performance provides a useful gradation
of impairment from normal aging to AD, and it seems to be related to perfusion in the
bilateral posterior cingulate and the right temporal pole. Further longitudinal studies are
needed to determine if those amnestic MCI subjects, even healthy elderly, with combined
lower performances on the 15-OT and hypoperfusion in some cerebral areas have an
increased risk of conversion to AD.
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Figure 1.
The section rendering of the contrast between the EC and AD groups (SPECT images)
projected onto the T1 template image from SPM5. The areas marked in yellow have
significantly higher flow in the EC group compared to the AD patients (FDR= 0.05, extent
threshold 100 voxels).
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Figure 2.
The mean and standard deviations of the eigenvariates derived from the SPM5 analysis. The
values were taken at the peak voxel, with an area including a sphere of 1 voxel radius. The
standard deviation was taken from the MANCOVA (controlling for age) and is group-
specific.
The differences between all of the groups were significant in each of the five brain regions
(p< 0.001).
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Figure 3.
Scatterplots of performance on the MMSE (left panel) and the 15-OT (right panel) as a
function of the eigenvariate from the posterior cingulate gyrus region of interest. Each point
represents a single subject in each group, and the lines represent the best-fit regression lines
for each group.
The green lines represent the EC group, the orange the MCI, and the red AD.
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Table 2

Neuropsychological performances of the study subjects.

EC MCI AD F (2, 125)

N (male, female) 42 (14,28) 42 (13,29) 42 (11,31)

15-OT correct answers 13.48 (1.33) 11.14 (2.10) 9.83 (1.96) 42.751,2,3

15-OT errors 1.45 (1.21) 3.26 (1.93) 4.10 (1.34) 32.961,2,3

Orientation

  Temporal 4.98 (0.15) 3.81 (1.23) 2.45 (1.48) 53.571,2,3

  Spatial 5.00 (0.00) 4.95 (0.22) 4.88 (0.33) 2.94

  Personal 5.00 (0.00) 4.88 (0.33) 4.45 (0.74) 15.982,3

Memory

  Learning Trial 1 WMS-III 4.79 (1.49) 3.07 (1.40) 2.55 (1.25) 29.961,2

    Trial 4 WMS-III 10.21 (1.37) 5.98 (1.60) 4.62 (1.19) 183.391,2,3

  Delayed Recall WMS-III 8.38 (2.02) 1.26 (1.40) 0.17 (0.66) 386.541,2,3

  Visual memory RBANS 7.62 (1.91) 3.12 (2.41) 1.00 (1.54) 121.241,2,3

  Digit Span Forward 7.86 (1.75) 7.21 (1.75) 6.76 (1.49) 4.582

  Digit Span Backwards 4.95 (1.77) 4.21 (1.51) 3.48 (1.40) 9.342

Praxis

  Ideomotor 4.00 (0.00) 3.95 (0.22) 3.93 (0.26) 1.46

  Construction 3.88 (0.33) 3.14 (1.12) 2.55 (1.36) 17.471,2,3

  Imitation 3.95 (0.22) 3.36 (0.91) 2.43 (1.11) 35.491,2,3

Language

  Comprehension 6.00 (0.00) 5.81 (0.40) 5.62 (0.66) 7.692

  Repetition 4.00 (0.00) 4.00 (0.00) 3.98 (0.15) 1.00

  Visual Naming (15-BNT) 14.79 (0.52) 13.38 (1.68) 12.26 (2.32) 23.801,2,3

Visual gnosis

  Poppelreuter test 9.83 (0.49) 9.19 (0.94) 8.83 (1.58) 8.951,2

  Luria’s Clock test* 3.69 (0.52) 2.71 (0.92) 2.12 (1.06) 35.361,2,3

Executive functions

  SKT errors 0.62 (1.01) 2.17 (2.58) 4.02 (5.45) 9,772

  Phonetic verbal fluency 14.64 (4.11) 11.19 (4.43) 11.43 (4.57) 8.161,2

  Semantic verbal fluency 18.19 (4.08) 11.81 (3.24) 10.83 (4.07) 46.011,2

  Abstract Reasoning 11.62 (1.64) 9.33 (2.75) 8.19 (2.37) 24.231,2

Global cognition

  Clock Test# 6.90 (0.37) 5.45 (1.64) 4.76 (2.09) 20.901,2

  MMSE score 29.40 (0.94) 25.71 (1.99) 23.00 (2.20) 134.891,2,3

EC: Elderly Controls; MCI: Mild Cognitive Impairment; AD: Alzheimer’s disease. 15-OT: The 15-Objects test; WMS-III: Wechsler Memory
Scale-III; 15-BNT: 15 items abreviated Boston Naming Test; SKT: Automatic Inhibition subtest of the Syndrom Kurtz Test (number of errors);
MMSE: Mini-Mental State Examination.
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1
Significant differences between EC and MCI;

2
Significant differences between EC and AD;

3
Significant differences between MCI and AD.

*
Luria’s Clock test refers to the Clock test from the Luria-Nebraska Neuropsychological Battery (LNNB) [48]

#
Clock test is included as part of the Spanish version of the 7 Minute Screening neurocognitive battery [49].
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