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Abstract
Background—The 15-Objects Test (15-OT) provides useful gradation of visuoperceptual
impairment from normal aging through Alzheimer’s disease (AD) and correlates with temporo-
parietal perfusion.

Objectives—To analyse progression of 15-OT performance in Mild Cognitive Impairment
(MCI) and AD, and its correlates with cognition and Single Photon Emission Computerized
Tomography (SPECT). Further, to examine neuropsychological and SPECT differences between
the MCI patients who developed AD and those who didn’t.

Methods—From the initial 126 participants (42/group), 38AD, 39MCI and 38 elderly controls
(EC) were reassessed (SPECT: 35AD, 33MCI, 35EC) after two years. The progression of
cognitive and SPECT scores during this period was compared between groups, and baseline data
between converters and non-converters. SPECT data were analysed by SPM5.

Results—The 15-OT was the only measure of progression that differed between the three
groups; worsening scores on 15-OT were associated with worsening in verbal and visual retention,
and decreased perfusion on left postsubicular area. In the MCI patients cerebral perfusion fell over
the two years in medial-posterior cingulate and fronto-temporo-parietal regions; AD showed
extensive changes involving almost all cerebral regions. No SPECT changes were detected in
controls. At baseline, the MCI patients who developed AD differed from non-converters in verbal
recognition memory, but not in SPECT perfusion.
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Conclusion—SPECT and 15-OT appear to provide a potential measure to differenciate between
progression of normal aging, MCI and AD. Worsening on 15-OT was related to decreased
perfusion in postsubicular area; but further longitudinal studies are needed to determine the
contribution of 15-OT as a predictor of AD from MCI.
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Visuoperception; The 15-Objects test; cerebral perfusion; brain SPECT; two-year follow-up;
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INTRODUCTION
The detection of the earliest cognitive changes of Alzheimer’s disease (AD) is a matter of
great clinical interest. Neuropsychological studies have found that in addition to episodic
memory impairment [1,2,3], patients with the amnestic form of Mild Cognitive Impairment
(MCI) frequently show impairment on other cognitive functions such as attention [4,5,6],
semantic memory [3,7], executive functions [3,8], visuoperception [9,10,11] and
visuospatial ability [12]. Individuals with amnestic MCI with multiple cognitive domain
affected have a greater risk of conversion to AD dementia than those individuals with MCI
with an isolated memory impairment [13,14,15,16,17]. Thus, the use of cognitive tests
sensitive to cognitive dysfunction in addition to memory will increase the sensitivity of a
clinical examination to detect the prodromal stage of AD.

In addition, clinical follow-up of patients by the neuropsychologist is crucial in order to
determine whether poor performance at the initial evaluation represented the earliest signs of
an impending dementia, or was simply an incidental finding or a normal variant. Therefore,
it is important to determine which variations in test scores are characteristic of normal aging
and which are more characteristic of MCI, especially MCI that will progress to dementia.
Cognitive test performance declines significantly faster in MCI patients than it does in
normal subjects, especially in terms of episodic memory [7, 13], semantic memory [7] and
perceptual speed [7]. However, there are no previous reports about changes on
visuoperceptive tests or, more specifically, the 15-Objects Test (15-OT).

Tests of episodic memory and executive function (e.g., Trail Making B) are as accurate in
predicting the development of AD from MCI as are volumetric MRI measures (i.e.,
entorhinal cortex, hippocampus) [18,19,20,21] and cerebrospinal fluid (CSF) biomarkers
[21]. Although biomarkers are now recommended for use in diagnosis [22], MRI and CSF
methodologies, for example, are costly and have some disadvantages (i.e., claustrophobia,
patients having pacemakers; infection). By contrast, neuropsychological assessment is cost-
effective, and is usually the only measure of brain function used in the diagnostic process.

Visual object recognition deficits are an early sign of AD, and they can be detected in even
in amnestic MCI [9,10,11,12] and mild AD patients [23,24,25]. These visuoperceptual
deficits worsen with disease progression in AD patients [26], and they are related to CNS
perfusion abnormalities in the posterior cingulate, occipital and inferior temporal cortices
[11, 27, 28], and the right temporal pole [11]. However, the progression of visuoperceptual
impairment, and its association with changes in brain perfusion and other cognitive
processes, have not been previously reported in MCI.

We report here the results of the 2-year follow-up of our previous study demonstrating that
the 15-OT is sensitive to the clinical stages of the visuoperceptual impairment in AD, and
provides a useful gradation of impairment from normal aging to AD [10,11]. However, to
demonstrate that the 15-OT is useful in early detection of AD, it is also important to
demonstrate that the performance declines in MCI and AD patients. Indeed, we would

Alegret et al. Page 2

J Alzheimers Dis. Author manuscript; available in PMC 2013 March 06.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



expect this to be the case, as we have found that performance on the 15-OT is related to
perfusion in the posterior cingulate and right temporal cortices [11], which are decreased in
AD (and, hence more pathology in these regions over time should result in poorer
performance).

The purpose of the present study was to analyse the progression of performance on the 15-
OT in MCI and AD patients, and to test the hypothesis that there will be a decline in
accuracy linked to changes in regional cerebral perfusion. A secondary objective was to
identify neuropsychological and SPECT patterns that can differentiate those MCI patients
who develop AD from those who do not.

METHODS
Subjects

From the original sample of 126 participants (42 per group) [11], 38 AD (90%), 39 amnestic
MCI (30 multiple domain and 9 single domain) (93%) and 38 elderly controls (EC) (90%)
were reassessed with neurological and neuropsychological examinations 2 years after study
entry. Within three weeks of the clinical assessment, a SPECT scan of the brain was
performed in 35 AD (92%), 33 amnestic MCI (85%) and 35 EC (92%). Eleven subjects
were not reassessed: 2 participants refused to continue, 3 suffered health complications, 3
patients died, and 3 were institutionalized in a geriatric residence. At one-year follow-up,
120 of the participants received a neurological and neuropsychological assessment, but they
did not undergo the SPECT scan (see Table 1). The APOE status of 107 participants (35
AD, 37 MCI and 35 EC) was determined. Demographic, clinical and genetic characteristics
of the subjects who continued in the study are detailed in Table 1 of supplemental material.
They did not differ in either clinical or cognitive measures from those who did not.

The study inclusion and exclusion criteria were detailed elsewhere [11]. Briefly, the AD
patients all met the National Institute of Neurological and Communicative Disorders and
Stroke-Alzheimer’s Disease and Related Disorders Association (NINCDS/ADRDA) criteria
for Probable AD, with a Clinical Dementia Rating (CDR) score of 1, and they were all
taking acetylcholinesterase inhibitors (AChEIs).

The MCI patients fulfilled Petersen’s criteria for amnestic MCI, with a CDR rating of 0.5.
None were taking any dementia medication (i.e., AChEIs or memantine) at study entry, but
in case of conversion to dementia, AChEIs were introduced.

The control subjects were volunteers who had no neurological or psychiatric symptoms, no
evidence (by history) of functional impairment due to declining cognition, and who had
normal performance on the neuropsychological battery.

The study exclusion criteria for all participants were: age younger than 65 years, illiteracy,
presence of moderate depressive symptoms or a DSM-IV Axis-I psychiatric disorder (except
for dementia), neurological disease (other than dementia), structural focal lesion on CT
imaging, history of alcohol or other substance abuse, important visual abnormalities
including glaucoma or cataracts, or severe aphasia.

Neuropsychological assessment
The participants were administered the 15-OT and a neuropsychological battery at all study
visits. The neuropsychological battery [11] included measures sensitive to orientation,
attention, verbal and visual memory, language, visual gnosis, praxis and executive functions.
The tests were: Temporal, Spatial and Personal Orientation; Digit span forwards and
backwards, Block Design and Similarities subtests of Wechsler Adult Intelligence Scale-
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Third Edition (WAIS-III); The Word List Learning test from the Wechsler Memory Scale-
Third Edition (WMS-III); the RBANS visual memory subtest; Verbal comprehension (2
simple, 2 semi-complex and 2 complex commands); an abbreviated 15 item confrontation
naming test from the Boston Naming Test; the Poppelreuter test; Luria’s Clock test;
Ideomotor and Imitation praxis; the Automatic Inhibition subtest of the Syndrom Kurtz Test
(SKT); Phonetic Verbal Fluency (words beginning with ‘P’ during one minute); Semantic
Verbal Fluency (‘animals’ during one minute), and the Spanish version of the Clock Test.

Brain SPECT procedure
Within three weeks of baseline and 2-year assessments, a brain SPECT was performed. The
brain SPECT procedure was described previously [11].

Statistical analysis
Clinical and Neuropsychological Variables—Statistical analysis of the clinical
variables was performed using SPSS (version 18.0; SPSS Inc., Chicago, Ill). An ANOVA
with post-hoc comparisons (Bonferroni) were used to compare sociodemographic, clinical
and neuropsychological data between the three groups at each visit. Linear Mixed Models
were used to compare the progression of performance on the 15-OT and other
neuropsychological tests between baseline and 1-year and 2-year follow-ups, and between
groups. That is, the progression of performance on the neuropsychological tests between
baseline and 2-year follow-up was compared between groups. The principal effects were
executed fixing every group (EC, MCI and AD) and contrasting each point with the next
higher one.

In the whole group, the percentage of change on the 15-OT (( 2-year follow-up 15-OT score
- baseline 15-OT score)/baseline 15-OT score)) × 100), was correlated with the percentage
of change on other cognitive tests (11 variables), using Bonferroni’s correction (p= 0.004).
The percentage 15-OT variable was regressed on the variables that had significant
unadjusted associations in the correlation analysis, using forward, stepwise entry.

Finally, non-parametric Mann-Whitney U-tests were performed between the baseline
neuropsychological scores of those MCI subjects who developed AD and those who did not.
Adjusted effect sizes for those parameters that were associated with conversion were
calculated with unconditional binary logistic regressions, using age, gender, educational
level and APOE genotype as covariates.

Image Voxel-Based Analysis of Perfusion (VBA)—A voxel-level analysis of the
SPECT data was performed on the non-attenuation corrected studies running in Matlab 7.2
(Mathworks Inc, Sherborn, MA). The raw images were converted from DICOM to Analyze
format using MRIcro (http://www.cabiatl.com/mricro/), and transferred to SPM5.

The images were deformed into the standard space of the Montreal Neurological Institute
atlas and spatially re-smoothed with a 3D Gaussian kernel with 8-mm FWHM. Paired t-tests
and appropriate linear contrasts were used to compare SPECT images from each of the
patient groups on a voxel-by-voxel basis, generating statistical parametric maps of group-
related differences in regional-whole brain perfusion. Significance levels were adjusted for a
false discovery rate (p< 0.05) [29].

In order to examine the association between the 15-OT and cerebral perfusion reductions in
the whole sample (including EC, MCI and AD groups), a parametric image of the perfusion
changes was computed. To do that, the baseline and follow-up scans were intensity-
normalized to maximum, and the difference between the images (T1–T2) was calculated at
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the voxel level. The resulting parametric images (baseline – 2-year follow-up difference)
were correlated with changes on 15-OT within SPM5, using a simple correlation test.
Results meeting a height threshold of p= 0.001 (uncorrected) and k= 100 were considered
statistically significant. Differences in cerebral perfusion between the MCI patients who
developed AD and those who did not were assessed using a two-factor ANOVA (time ×
group).

RESULTS
The scores of the participants on the neuropsychological tests at baseline and at the 1-year
and 2-year follow-ups are detailed in Table 2. The 15-OT performance was significantly
different between groups at each visit. That is, at baseline, at 1-year follow-up and at 2-year
follow-up, scores of MCI and AD patients were significantly lower than those of controls,
and the MCI subjects performed significantly better than the AD patients (see Table 2).

The analysis of progression on the neuropsychological tests performances from baseline to
2-year follow-up showed that MCI declined significantly faster than controls only on the 15-
OT. The AD patients declined significantly faster than both the MCI and EC subjects on the
15-OT (see Table 2 and Figure 1).

The percent change between baseline and 2-year follow-up in the 15-OT was significantly
correlated with the percent change in verbal learning (r=0.36, p<0.0005), verbal long-term
memory (r=0.47, p<0.0005), visual long-term memory (r=0.43, p<0.0005), Poppelreuter test
(r=0.21, p=0.021), automatic inhibition (SKT time) (r=0.19, p=0.043), confrontational
naming (r=0.37, p<0.0005) and phonetic verbal fluency (r=0.44, p<0.0005). However, the
correlations with Poppelreuter and SKT tests did not reach statistical significance after
Bonferroni’s correction. In the adjusted model, only verbal (WMS-III list) and visual
(RBANS) long-term memory performance changes were statistically associated with the 15-
OT change. These two variables explained 29% of the observed variance of change on the
15-OT performances.

With regard to SPECT scans, the EC group did not show statistically significant changes in
cerebral perfusion between baseline and 2-year follow-up. In the MCI group, the perfusion
levels fell between baseline and 2-year follow-up in small areas located in middle and
posterior cingulated (bilaterally), and left frontal, temporal and parietal regions. In contrast
to the MCI group, the AD patients showed extensive changes in all cerebral lobes, mainly in
the posterior cingulate (see Table 3 and Figure 2 for details).

In the whole sample, the decline in performance on the 15-OT between baseline and 2-year
follow-up was significantly correlated (p= 0.001) with cerebral perfusion reduction in the
left Broadman Area (BA) 48 (or retrosubicular) (see Figure 3). However, the correlation
analyses in the separated groups did not achieve statistical significance.

From the initial 42 MCI patients, 6 (15.4%) out of 39 MCI subjects developed AD dementia
after 1 year, 32 (82%) mantained stable and 1 (2.6%) normalized. After 2 years an additional
9 MCI patients developed dementia for total of 15/40 (37.5%). Of these, 14 developed AD
and 1 a fronto-temporal dementia. Moreover, an additional MCI patient normalized
performance or improved clinical state for a two year total of 2/40 (5%). The conversion rate
of MCI to AD was 15.4% at 1-year follow-up and 35% at two-year follow-up, with a mean
annual conversion rate of MCI to AD of 19%. From the initial 42 EC subjects, 3 out of 38
(7.9%) had converted to non-amnestic MCI (secondary to vascular pathology in two cases
and depression in one case), but none of them converted to dementia.

Alegret et al. Page 5

J Alzheimers Dis. Author manuscript; available in PMC 2013 March 06.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



The MCI subjects who developed AD differed from non-converters MCI on the verbal
recognition subtest of the WMS-III Word List Learning test (p= 0.002). Although RBANS
visual retention score differed between groups, it did not reach significance after
Bonferroni’s correction (p≤ 0.002). The WMS-III verbal recognition effect remained after
multivariate logistic regression adjusting for age, gender, education and APOE status (Odds
Ratio = 0.483, 95% Confidence Interval = [0.279–0.837], p= 0.010).

The baseline score on the 15-OT and Poppelreuter test scores did not differ between the
MCI converters and non-converters (see Table 4). Further, there were no statistically
significant differences in cerebral perfusion between the MCI converters and non-
converters.

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 becomes progressively less
accurate as subjects move from normal cognition through MCI to AD [10,11].

Moreover, we found that the AD group had low levels of visuoperceptual performance (the
15-OT) and study entry, and this declined faster than that of the MCI patients; there was no
change in performance in the EC over 2 years. This is consistent with other studies [26] that
found that visual perception (as measured by the Hooper Visual Organization Test) is
impaired in patients with AD and gradually deteriorates with disease progression. That study
also found a significant decline in visuoperceptual performance of AD patients, but not in
controls. To our knowledge, there are no previous reports about the progression of visual
object perceptive deficits (and less with the 15-OT) in MCI. Moreover, the progression of
visuoperceptual performance on the 15-OT has not been previously reported in normal
aging, MCI or AD.

The performance of the AD patients declined significantly faster than MCI and controls not
only on the 15-OT, but on the other tests of orientation, visuoperception, naming, executive
functions and global cognition, as well. The performance by the AD patients also declined
significantly faster than that of the controls on verbal learning and constructional praxis,
which could indicate pervasive functional and structural CNS damage. Similar to previous
studies [7,13], the decline in performance on several tests by the MCI patients was between
that of the EC and AD groups, and only the change in 15-OT performance differed
significantly between the MCI and control subjects. Moreover, we found that worsening
performance on the 15-OT was associated with worsening performance on verbal and visual
long-term memory performance. We conclude that the 15-OT may be useful to measure the
cognitive deficit of AD from the earliest prodromal phase to the more severe dementia
syndrome.

Cross-sectional SPECT studies find that with older age there is a reduction of global and
local cerebral perfusion, mainly the frontal cortex and basal ganglia [30, 31, 32]. The one
longitudinal study [33] did not find perfusion changes after a mean of two years, but the
mean age of the subjects in that study was younger than that of our subjects (65 and 74
years, respectively). Nevertheless, we also found no changes in brain perfusion in the
control group over two years. This finding might be related to the fact that the EC group did
not show significant neuropsychological change over the study period.

The MCI patients had a significant decrease in cerebral perfusion over the two years of
follow-up in bilateral middle and posterior cingulate, and left frontal, temporal and parietal
areas, consistent with previous studies [34, 35, 36, 37, 38]. This may be a consequence of a
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disconnection between these regions and the entorhinal cortex [39], which is damaged early
in the AD neuropathology. These group-level changes in perfusion may occur because at
follow-up the MCI group included both patients who remained MCI and those who had
converted to dementia. It may also be the case that because the MCI subjects are in an
earlier stage of the disease than the AD patients, they have less neuropathological damage,
and thus suffer a smaller reduction in perfusion than the AD patients over the same time
interval.

In this, and other studies [38, 40, 41, 42] the AD patients showed more extensive
progressive reduction of brain perfusion than did the MCI patients. Moreover, we found that
the posterior cingulate gyrus, an area that is implicated in early AD and MCI [38, 43],
suffered the greatest reduction of perfusion in MCI and AD over the two years of follow-up.

The SPM analysis allowed us to identify those brain regions where change in perfusion was
associated with change in 15-OT performance. These regions included an area of the medial
temporal cortex, left BA48 (retrosubicular or postsubicular) area. The postsubiculum is
considered limbic association cortex [44], and it receives strong projections from
hippocampal field CA1; it has projections to the entorhinal, visual and temporal association
areas [44, 45].

At 2-year follow-up, 37.5% of MCI subjects had converted to dementia (all but one to AD
type), for an annual conversion rate of 17.5%. This is similar to that reported in other series
[16, 17, 46, 47, 48, 49, 50], but higher than those reported in population-based
epidemiological studies [7, 51, 52, 53]. Similar to previous studies, the majority of our
amnestic MCI who developed dementia, developed the AD type [49, 50, 54]. However, two
of the MCI patients (5%) returned to normal cognitive functions over the 2 years [47, 49,
53].

Those MCI subjects who converted to AD dementia performed worse on a verbal memory
recognition test at baseline. This observation reinforces the notion that recognition memory
is associated with convertion to AD in MCI patients. It is consistent with previous findings
demonstrating the relationship between poor performances on verbal memory recognition
test and atrophy of the entorhinal cortex, which is one of the first areas affected in AD [55].
The poor recognition memory likely reflects a deficit in memory storage (vs., memory
retrieval) and is characteristic of AD and other cortical dementias [56]. In AD patients,
better performance on executive function tests is associated with better verbal recognition
memory [57]. So, it may be the case that in the prodromal stages of AD (relatively) normal
executive functions may be compensating for (mildly) affected verbal memory, but when
verbal memory recognition performance get worse, this indicates that the patients are
advancing closer to AD dementia.

Functional neuroimaging studies with SPECT have demonstrated that mild AD [34, 58, 59,
60, 61] and MCI patients [34, 35, 36, 37, 38] have reduced cerebral perfusion in the medial
temporal lobe, the temporal-parietal cortex, posterior cingulate, precuneus and dorsolateral
frontal cortex. Hypoperfusion in the medial temporal lobe, the posterior cingulate gyrus and
precuneus, and the parietal, occipital and frontal cortex have been found in those MCI
patients who later progressed to dementia [35, 36, 57, 62, 63, 64, 65]. In the present study,
we predicted that the MCI subjects who would convert to AD dementia would have a pattern
of perfusion similar to that seen in the AD patients. However, we did not find differences
between the MCI groups (converters and non-converters), possibly because some of our
MCI non-converters subjects were also next to conversion, as previously reported that the
most conversions occur within the first 3 years [19].
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In the present study, the verbal recognition memory test scores, unlike the SPECT data,
showed differences between MCI converters and non-converters. This finding could be
explained by the fact that detectable cognitive changes may occur prior to detectable
changes in brain perfusion (that is, a measurement sensitivity issue) or because other
cerebral changes such as network disruptions, or volume decreases result in an apparent
sparing of blood flow.

The present study has several limitations. As noted previously [11], we did not have
anatomical MRI scans from participants to perform atrophy corrections, so some of our
results may have been related to focal regional atrophy. We also cannot determine whether
structural changes can explain the functional abnormalities. Another limitation in the
interpretation of the results of the SPECT studies in healthy elderly control subjects is the
absence of structural imaging in some cases, but in the follow-up analysis we only included
those subjects with a preserved cognitive performance during all the study period, and we
excluded the 3 subjects who showed cognitive impairment due to vascular and/or depressive
aetiology. It would have been useful to have included an “active” condition to compare with
the resting state in the functional images, on the assumption that this may have been more
sensitive to subtle alterations in function. However, it is important to note that our study had
the advantage that all of the subjects were prospectively enrolled in the same centre, that all
variables were collected at all visits, and that only a small number of subjects discontinued
the study (and none were lost to follow-up).

In conclusion, our findings reinforces the idea that the 15-OT may be a useful, and cost-
effective tool (quick and easy to administer in clinical practice) for differentiating between
MCI and AD, and for measuring the cognitive deficit of AD from the earliest prodromal
phase to the more severe dementia syndrome. It provides a gradation of impairment from
normal aging to AD, and poorer performances is found related to poorer performance on the
verbal and visual retention tests, and perfusion in the postsubicular area. Moreover,
performance on a verbal memory recognition test seems to be more useful than SPECT in
differentiating between those MCI who will develop AD and those who will not. So, SPECT
and 15-OT appear to have the potential to differentiate between the progression of normal
aging, MCI and AD. However, longitudinal studies are needed to determine the contribution
of 15-OT as a predictor of conversion to AD from MCI.

Supplementary Material
Refer to Web version on PubMed Central for supplementary material.
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Figure 1.
Scores on the 15-OT at baseline and one-year and two-year follow-ups.
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Figure 2.
Regional changes in brain perfusion between baseline and 2-year follow-up in MCI (a) and
AD (b) groups.
The top row is the SPM5 “glass image” showing all significant voxels in axial, coronal and
saggital views, respectively. The bottom row shows the significant voxels projected onto the
MNI template, focusing on peak values in the cingulate gyrus.
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Figure 3.
Regions showing statistically significant correlation between cerebral perfusion change and
change in performance on the 15-OT in all study subjects. The significant area (X, Y, Z) is
located in Brodman’s Area 48 (left).

Alegret et al. Page 15

J Alzheimers Dis. Author manuscript; available in PMC 2013 March 06.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

Alegret et al. Page 16

Table 1

Participants flow through study.
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Table 4

Comparison between those MCI who developed AD and those who maintained stable.

Converters to AD Non converters to AD p value

X̄ (SD) X̄ (SD)

N (male, female) 14 (4, 10) 23 (7, 16)

Age 77.9 (3.8) 76.3 (4.4) 0.344

15-OT answers 11.5 (2.1) 11.1 (2.0) 0.467

15-OT errors 2.9 (2.1) 3.3 (1.7) 0.467

Orientation

Temporal 3.6 (1.6) 3.9 (1.0) 0.988

Spatial 5.0 (0.0) 4.9 (0.3) 0.676

Personal 4.7 (0.5) 5.0 (0.2) 0.231

Memory

Total Learning WMS-III 18.4 (5.2) 19.3 (5.0) 0.526

Delayed Recall WMS-III 0.7 (1.0) 1.6 (1.6) 0.122

Recognition WMS-III 7.2 (3.0) 9.8 (2.4) 0.002*

Visual mem. R-BANS 1.7 (1.7) 3.6 (2.2) 0.017

Visual recog. R-BANS 6.5 (1.9) 6.5 (2.2) 0.865

Digit span Forward 4.8 (0.8) 5.1 (1.3) 0.567

Digit span Backward 3.4 (0.7) 3.4 (0.9) 0.841

Praxis

Ideomotor 3.9 (0.3) 4.0 (0.2) 0.889

Construction 3.4 (1.1) 3.0 (1.0) 0.219

Imitation 3.4 (0.9) 3.4 (0.8) 0.745

Language

15-item BNT 13.4 (1.6) 13.1 (1.9) 0.769

Visuoperception

Poppelreuter answers 9.4 (0.9) 9.1 (0.9) 0.448

Poppelreuter errors 0.9 (1.1) 1.3 (1.1) 0.313

Luria’s Clock test 2.6 (0.9) 2.6 (0.9) 0.938

Executive functions

SKT seconds 30.4 (7.8) 33.1 (8.7) 0.394

Phonetic VF 12.5 (4.4) 10.6 (4.8) 0.313

Semantic VF 11.1 (2.7) 11.9 (3.7) 0.588

Abstract Reasoning 9.3 (3.5) 9.2 (2.5) 0.654

Global cognition

MMSE 24.9 (2.3) 26.1 (1.7) 0.344

The Clock test 6.0 (1.6) 5.4 (1.4) 0.122

*
Statistically significant after Bonferroni’s correction.

15-OT: The 15-Objects test; D.S.: Standard Deviation; WMS-III: Wechsler Memory Scale-III; 15-item BNT: 15 items abreviated Boston Naming
Test; SKT: Automatic Inhibition subtest of the Syndrom Kurtz Test (number of errors); VF: verbal fluency; MMSE: Mini-Mental State
Examination.
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