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Abstract

Amnestic mild cognitive impairment (aMCI) is considered to be one of the early stages in the

progression from no cognitive impairment (NCI) to Alzheimer’s disease (AD). Individuals with

aMCI have increased levels of AD-type neuropathology in multiple regions of the neocortex and

hippocampus and demonstrate a loss of synaptic connectivity. Recent neuroimaging studies have

reported increased levels of 11C-PiB (Pittsburgh, compound B) in regions of the neocortex

including the precuneus region of the medial parietal lobe. This cortical region has been

implicated in episodic memory, which is disrupted early in the progression of AD. In this study,

unbiased stereology coupled with electron microscopy was used to quantify total synaptic

numbers in lamina 3 of the precuneus from short postmortem autopsy tissue harvested from

subjects who died at different cognitive stages during the progression of AD. Individuals with

aMCI did not reveal a statistically significant decline in total synapses compared to the NCI cohort

while the AD group did show a modest but significant decline. Synaptic numbers failed to

correlate with several different cognitive tasks including the Mini Mental State Examination

scores and episodic memory scores. Although levels of [3H]PiB binding were elevated in both the

aMCI and AD groups, it did not strongly correlate with synaptic counts. These results support the

idea that despite increased amyloid load, the precuneus region does not show early changes in

synaptic decline during the progression of AD.
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INTRODUCTION

Alzheimer’s disease (AD) is a progressive neurodegenerative disorder that results in a loss

of significant intellectual function in affected individuals. Currently it is estimated that over

35 million people are afflicted with this disease worldwide and is considered to be the most

common form of dementia in the elderly. The neuropathologic profile of individuals with

AD includes increased levels of both diffuse plaques (DP) and neuritic amyloid plaques

(NP) throughout neocortical association areas as well as an abundance of neurofibrillary

tangles (NFT) primarily in the mesial temporal cortex [1, 2]. Coupled with these

pathological hallmarks are increased brain atrophy, amyloid angiopathy, neuron loss, and

synaptic dysfunction [3, 4].

Synaptic loss occurs early in AD suggesting that it may be one of the key events in the

progression of the disease leading to cognitive impairment. Recent studies have shown a

loss of synapses and synaptic proteins in the hippocampus and neocortex in individuals with

amnestic mild cognitive impairment (aMCI) [5–8]. The concept of aMCI which was first

proposed by Flicker and colleagues [9] and later codified by Petersen [10] describes

individuals who demonstrate a gradual cognitive decline with an increased likelihood of

conversion to dementia. Several studies support the idea that the possible underlying

substrates for aMCI are the accumulation of NFTs [11–13] and increased accumulation of

NPs [14].

In an effort to detect individuals early in the progression of AD, clinicians have used both

structural and functional imaging studies coupled with biochemical analysis of cerebral

spinal fluid (CSF) for changes in the ratio of Aβ1-42 and phosphorylated tau (p-tau) [15, 16].

Positron emission tomography (PET) using the amyloid-binding compounds, 11C-PiB

(Pittsburgh, compound B) has been used to identify specific regions of the cortex that may

be among the earliest areas affected by AD [17, 18]. The precuneus cortex (PreC), located in

the posterior region of the medial parietal area, harbors a significantly heavy amyloid plaque

burden in the AD brain. Recent PiB binding studies in living patients has revealed that this

brain region is particularly vulnerable to amyloid deposition in the earliest stages of the

disease [19–21]. Multiple studies have implicated Aβ as a key modulator of synaptic

function, which underlies synaptic loss in AD [22–26], however, it is unknown whether

region-specific changes in synapses occur in parallel with increased amyloid load. The

present study was designed to examine whether or not the PreC region of the neocortex

shows synaptic loss in individuals with aMCI compared to individuals with no cognitive

impairment and persons with AD.

MATERIALS AND METHODS

Postmortem human brains

Tissue was examined from 27 individuals (mean age 88.6 ± 5.9 years; range 73 to 99 years;

Table 1) who were participants in either the Rush Religious Orders Study (RROS), a

longitudinal clinical-pathologic studies of aging and Alzheimer’s disease composed of older

Catholic nuns, priests, and brothers [27–29], or the University of Kentucky Alzheimer’s

Disease Center (UKADC) [30]. The Human Investigations Committee of Rush University
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Medical Center and the University of Kentucky College of Medicine approved the studies.

Individuals included in these studies agreed to annual clinical evaluation and brain donation

at the time of death. For all subjects, cognitive test scores were available within the last year

of life; the average interval from last evaluation to time of death was 7.0 ±3.6 months, with

no differences among the three diagnostic groups (p < 0.1). Subjects were categorized as no

cognitive impairment (NCI; n = 10), aMCI (n = 9), based on cognitive testing prior to death,

or AD (n = 8) based upon cognitive testing and postmortem neuropathological examination

[31–33]. The NCI subjects were without a history of dementia or other neurological

disorders. Standard criteria for exclusion included the presence of 1) significant cerebral

stroke regardless of ante mortem date, 2) large cortical infarcts identified in the postmortem

neuropathologic evaluation, 3) significant head trauma within 12 months before autopsy, 4)

individuals on a respirator longer than 12 hours before death, 5) individuals in coma longer

than 12 hours immediately before death, 6) individuals currently undergoing radiation

therapy for CNS tumor, and 7) individuals with Lewy bodies in the area of interest or

Parkinson’s disease.

Clinical Evaluations

Details of the RROS and UKADC have been published elsewhere [27, 33, 34]. All subjects

have detailed mental status testing annually, and have neurologic and physical examinations

annually. Subjects were followed for 3 to 17 years (median 7.5 years). The 9 aMCI and 8

AD subjects were initially normal on enrollment into each longitudinal study and later

transition to each clinical category during follow-up evaluation. All MCI subjects were

amnestic without multi domain involvement. Tissue from questionable cases was not

included in the study.

Pathologic Evaluation and Electron Microscopy

At autopsy, brains were processed as previously described [11, 29]. The postmortem interval

(PMI) did not differ across groups (p = 0.566; table 1). The procedure used for

ultrastructural assessment of synapses was identical to that described previously [5, 6]. In

brief, at the time of autopsy, the entire left PreC was removed in toto, defined as the mesial

aspect of the parietal lobe bordered by the parieto-occipital sulcus posteriorly, the

subparietal sulcus inferiorly, the marginal ramus of the cingulate sulcus anteriorly, and the

most dorsal aspect of the cortical surface at the sagittal sulcus. Within the first 0.5 cm, a

random starting point was chosen according to unbiased stereologic sampling methods [35]

and the remaining entire gyrus was subsequently sectioned into 0.5 cm coronal slabs. The

average length of the PreC was 4.04 cm. Alternate slabs (3 to 5 per subject) was

immediately immersion fixed for 24 hours in 4% paraformaldehyde with 1% glutaraldehyde.

Slabs were subsequently exhaustively sectioned at 100μm with a vibratome (Vibratome Co.,

St. Louis, MO), and a random number table used to identify sections for ultrastructural

investigation. Designated sections were postfixed in 1% osmium tetroxide (OsO4), stained

en bloc with 0.5% uranyl acetate, dehydrated in a graded series of ethanol, infiltrated with

epoxy embedding resin, and flat embedded in circular molds (Ted Pella, Redding, CA). The

remaining slabs were used for routine pathology and chemical analysis.
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The length of lamina 3 of the PreC was determined with the Bioquant image analysis system

on each section, and this length partitioned into a minimum of 6 equal segments. A random

number table was used to determine which portions of the lamina 3 length to analyze.

Blocks containing the randomly selected portions of the PreC were trimmed to the

appropriate region. Ribbons of six to eight ultrathin sections (silver-gold interface range)

were taken and collected on formvar-coated, carbon-stabilized slot grids. Sections were

stained with uranyl acetate (3%) and Reynolds lead citrate. A total of 15 to 24 different

regions of the PreC were assessed depending on brain size. Larger brains have a larger PreC

and generated more regions.

The physical disector method [36] was used to approximate the total number of synapses per

unit volume (Nv). Electron micrographs were taken with a Zeiss EM-902 (Oberkochen,

West Germany) at X4,400 and photographically enlarged to approximately X20,000. Every

synaptic profile on each micrograph was identified by the presence of the postsynaptic

density in association with the postsynaptic element and synaptic vesicles in a presynaptic

terminal and marked (Figure 1). An unbiased counting frame was randomly superimposed

over the micrographs. Only those synaptic profiles observed on the reference micrograph

within the counting frame that did not violate the counting frame rules [35] and were not on

the look-up micrograph were counted. To increase efficiency, the look-up and reference

sections were reversed, and the counting frame was again applied in a random fashion. The

thickness of the ultrathin sections was estimated with the Small method of minimal folds

[37].

The numerical density of synapses per unit volume, Nv, was calculated using the following

formula: , where Q− is the mean number of synapses counted in each disector

and Vdis is the mean disector volume. The total number of synapses, Nsyn, was calculated

for each case using the following formula .

Estimation of total volume of lamina III

As part of the procedure for estimating the total number of synapses using the physical

dissector it is necessary to estimate the total reference volume (Vref) of the region of interest.

This was accomplished as previously described [6]. Briefly, 100 μm thick sections

immediately adjacent to those used for ultrastructural analysis were designated for

determination of Vref and processed using procedures identical to that for ultrastructural

evaluation. These sections were infused with embedding resin, flat embedded on glass

microscope slides held in rubber molds (Ted Pella, Redding, CA) and coverslipped using

embedding resin as the mounting medium. Using an image analysis system (BIOQUANT,

Nashville, TN) interfaced with a light microscope (VANOX-S AH-2, Olympus Optical,

Tokyo, Japan), lamina III of the PreC was determined on each section using well described

anatomical landmarks [38]. The total volume was determined using the Cavalieri method

[35].

Measurement of soluble Aβ and [3H]PiB binding assay

The subjects used in the present ultrastructural study are a subset of NCI, MCI, and AD

cases used in a recent publication by our group evaluating soluble Aβ1-42 concentration and
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[3H]PiB binding in the PreC [39]. Briefly, Aβ42 peptide concentration was quantified in

diethylamine (DEA)-soluble Aβ fractions and assayed using a fluorescent-based ELISA

(Biosource, Camarillo, CA) with a capture antibody specific for the NH2 terminus of human

Aβ (amino acids 1–16). Values for detection antibodies specific for the neoepitope at the

42-amino acid end of Aβ were determined from standard curves using synthetic Aβ42

peptide (Biosource) and expressed as picomoles per gram wet weight. For the [3H]PiB

binding, unlabeled PiB was dissolved in dimethyl sulfoxide (DMSO) at 400 mM to yield <

1% DMSO in the final assay. [3H]PiB (American Radiolabled Chemicals, St. Louis, MO)

was incubated with 100 mg tissue in 1 mL PBS. The binding mixture was filtered through a

Whatman FG/B glass filter, rapidly washed with 3 mL PBS, vortexed overnight. Filters were

counted in CytoScint ES, corrected for nonspecific, non-displaceable binding in the presence

of 1 mM PiB and final values expressed as picomoles of [3H]PiB bound per gram of wet

tissue weight.

Statistical Analysis

The relationship between dependent variables and clinical diagnostic group was examined

with an analysis of variance (ANOVA) using Statview 5.0 (SAS Institute, Cary, NC). If a

significant ANOVA was found, post-hoc tests (Fischer’s PLSD) were used to identify pairs

of diagnostic groups that differed significantly. Because the diagnostic groups were

heterogeneous in their clinical features, the relationship between total synaptic counts and

performance on neuropsychological tests at last clinical evaluation was examined using

Spearman correlation with the InStat program (GraphPad, San Diego, CA). Level of

significance was set at p < 0.05.

RESULTS

Demographics

Table 1 shows characteristics of the sample population by clinical diagnostic group. The

NCI, aMCI, and AD groups did not differ in age, postmortem interval (PMI), brain weight,

and level of education attained (p > 0.1). As expected there was a significant difference in

the MMSE [F(2,24) = 29.015; p < 0.0001] with the AD group significantly different from

both NCI and aMCI (p < 0.0001). The NCI and MCI cohorts were not significantly different

from each other (p > 0.1). The distribution of subjects categorized by ApoE allele status by

cohort is shown in Table 2 and by NIA-Reagan diagnosis in Table 3.

Total Synaptic Number and Volume in Lamina 3

The total synaptic counts for lamina 3 of the PreC for each subject in each of the three

diagnostic groups are shown in Figure 2A. Following a one-way ANOVA, post hoc testing

revealed a significant difference between NCI and AD (p < 0.05) but no difference between

NCI and aMCI. An ANOVA also failed to reveal any significant difference between group

means for the volume of PreC lamina 3 (p > 0.1) (Figure 2B).

Neuropsychological Test Scores

We evaluated the association between the total number of synapses in lamina 3 of the PreC

and scores achieved on several neuropsychological tests obtained during the subject’s last
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clinical evaluation. Correlation between total synaptic numbers and MMSE was not

significant (r = .268; p > 0.1), although there was a trend for scores to be higher with

increased synaptic numbers (Figure 3). There was no significant association between total

synaptic numbers and any of the other standard neuropsychological scores: immediate word

list recall (r = .162; p > 0.1), delayed word list recall (r = .028; p > 0.1); word recognition (r

= .219; p > 0.1); Boston Naming Test (r = .05; p > 0.1). We also probed a possible

association with episodic memory using the logical memory story recall. The analysis failed

to detect a significant association (r = .175; p > 0.1) between synaptic numbers and memory

score despite the fact that a group analysis showed a significant decline in logical memory

with disease progression [F(2,22) = 4.765; p < 0.05]. Subjects’ age (r = .239; p > 0.1) and

years of education (r = .322; p > 0.1) were not significantly associated with total synaptic

numbers.

Pittsburgh compound B (PiB) binding and soluble amyloid-β concentration

PreC [3H]PiB binding and soluble Aβ1-42 concentration were similar to that previously

reported for a larger sample which included the current cases [39]. An ANOVA revealed a

significant group effect for [3H]PiB binding [F(2,23) = 11.823; p < 0.0005] and post hoc

testing revealed a significant increase for the AD cohort compared to both the NCI (p <

0.0001) and aMCI (p < 0.005) groups. Although the NCI and aMCI groups were not

significantly different (p > 0.1), the aMCI cohort displayed a 1.6 fold increase. The

association between [3H]PiB binding and total synaptic numbers failed to research

significance (r = .355; p > 0.07), although there was a trend indicating that as [3H]PiB

binding increased total synaptic numbers were lower (Figure 4). A strong association was

observed between [3H]PiB binding and MMSE scores (r = .763; p < 0.0001) as previously

reported [39]. Other neuropsychological scores were also significantly correlated (delayed

recall r = .523; p < 0.005; immediate recall r = .475; p < 0.01; episodic memory r = .596; p <

0.005). There was a significant change in Aβ1–42 concentration with the disease

progression [F(2,23) = 6.269; p < 0.01] with the AD group showing significantly increased

levels compared to both the NCI (p < 0.005) and aMCI (p < 0.05) cohorts (Figure 5). As

with the [3H]PiB binding, the aMCI group was not significantly different from NCI (p > 0.1)

but did reveal a 1.7 fold increase in Aβ42. The association between Aβ1–42 concentrations

and synaptic numbers was not significant (r = .242; p > 0.1). Concentrations of Aβ1–42

strongly correlated with MMSE (r = .603; p < 0.005); delayed recall (r = .508; p < 0.0100);

immediate recall (r = .718; p < 0.0001); episodic memory (r = .478; p < 0.05) but not with

word recognition or Boston Naming Test (p > 0.1).

DISCUSSION

Numerous neuroimaging studies have identified the PreC as an area involved early in the

progression of AD. Based upon high levels of amyloid binding, even in cognitively normal

individuals, these studies suggest a possible link to cognitive dysfunction early in the disease

process [17, 19–21, 40–45]. Several studies have now questioned whether or not changes in

amyloid observed with neuroimaging actually reflect the possible onset of AD and foretell

cognitive decline [46–48].
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The present quantitative ultrastructural study is the first to evaluate possible synaptic change

in the PreC as a function of AD progression. Individuals used in this study were originally

enrolled as cognitively normal and subsequently followed until death, with many individuals

evaluated for more than 12 years. Some of the individuals transitioned to aMCI and then

into AD. Three different cohorts were matched based on age, PMI, and level of education.

As expected, the AD group had a significantly lower MMSE compared to the other two

groups. The aMCI cohort did not show a significant decline in total synaptic numbers in

PreC lamina 3 while individuals with AD displayed lower numbers compared to the NCI

group. There was considerable overlap between the three diagnostic groups. A detailed

evaluation of lamina 3 volumes among the three diagnostic groups did not reveal any

significant differences supporting the idea that this area does not undergo substantial atrophy

early in the disease process. This is in contrast to earlier studies that report a significant

amount of atrophy in the PreC based upon neuroimaging [49–51] but supports a study using

PiB that also failed to identify significant PreC atrophy on structural scans [52]. In the

present study, only the volume of lamina 3 was evaluated using an unbiased stereological

approach on numerous tissue sections. None of the AD cases examined where early onset

cases and the age of all three cohorts were substantially older than in the studies that

reported atrophy. It is possible that the overall structure of the PreC shows atrophy that is

not totally reflected in lamina 3.

Although imaging studies indicate that the PreC region is affected early and severely in AD,

the results of a recent neuropathology study did not support this idea [53]. NFT counts were

not significantly different between the PreC and any of the cortical regions expect the

occipital cortex (areas BA17-18), which had substantially lower counts. In terms of DP and

NP counts, the PreC did not show a greater accumulation compared to any of the other

cortical regions examined, with the exception of the occipital areas for DP and the posterior

cingulate (BA23) for NPs. The lack of differences in pathology was independent of the

cognitive scores. Other neuropathological investigations have not highlighted the PreC as a

region of early pathologic involvement or substantially greater involvement in AD [54, 55].

Previous studies evaluating synaptic numbers in neocortex during the progression of AD

have shown a significant association with several different tests of cognition [4–7, 56]

including the MMSE, a test commonly used to screen for cognitive impairment [57] and a

standard in AD clinical research. For example, total synaptic numbers decrease significantly

in the inferior temporal gyrus (ITG), a higher order cortical association area in individuals

with aMCI and AD [7]. Synaptic numbers in the ITG show a strong association with the

MMSE and also a test of verbal fluency that is not part of the MMSE [7]. Similar

relationships between cognition and synapse numbers can be observed in the hippocampus

[5]. The PreC, a major hub of the default cortical memory circuit that is interconnected with

numerous other neocortical association regions [58–60], failed to show a reduction in total

synaptic numbers. In addition, total synaptic numbers in the PreC did not strongly associate

with the MMSE. Several other cognitive tests, including episodic memory also failed to

demonstrate a strong association. These findings suggest that different cortical association

areas respond differentially to the disease process at different stages of AD. There is also the

possibility that although the synaptic structure is present and appears intact in the
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micrographs, some of these structures may be impaired in function contributing to a change

in cognition.

The underlying causes for this differential response to the disease remain unknown. One

possibility is that select cortical regions may show resilience to amyloid toxicity in MCI

including the PreC or that a toxic threshold was not reached. Amyloid deposition could

possess fundamental, brain region specific characteristics that are not yet fully appreciated.

Several studies have suggested that AD is the result of circuit-based pathology, which

affects both afferent and efferent projection systems. There was a significant increase in

both PreC [3H]PiB binding and soluble Aβ1-42 concentration in the AD group compared to

both NCI and aMCI, but these two latter groups did not differ from each other as reported

previously [39]. Levels of PreC [3H]PiB binding and soluble Aβ1-42 concentration strongly

associate with various cognitive tests, but what is driving that association is unclear.

Although a previous study revealed a strong association between 11C-PiB imaging and

fibrillar Aβ deposits, but not neurofibrillary pathology [61], increased 11C-PiB imaging has

been shown to associate with a decline in a single episodic memory measure [62]. The

precise relationship between AD pathology and clinical impairment remains to be

determined.

Cognitive impairment is likely the result of an extensive cortical disconnection and not

dysfunction related to damage in a single area. The lack of association between synaptic

numbers and episodic memory may be due to the fact that the PreC is only component of the

circuitry involved in memory. Tract tracing studies of the primate PreC have shown that this

neocortical region has widespread efferent and afferent connections with brain regions

involved in higher order cognitive activity [63–70]. For example, the PreC has reciprocal

connections with frontal cortex, premotor supplementary eye fields, superior and inferior

lateral parietal regions, posterior cingulate gyrus and retrosplenial cortex. There are also

reciprocal connections with the contralateral PreC [66]. The PreC also has extensive

thalamic interconnections with the ventrolateral, lateral posterior, dorsomedial, intralaminar

and pulvinar regions [68–70], which in turn innervate cortical regions associated with higher

order cognitive function[71].

Although we did not find an association between synapse number and episodic memory, it

doesn’t mean that this area isn’t involved in this complex task but rather that the magnitude

of the change may not be sufficient to account for possible differences between groups for

this cognitive task. Episodic memory involves many diverse cortical regions including the

PreC and prefrontal cortex [72, 73]. By contrast, other reports implicate the PreC in episodic

memory, a subcategory of explicit memory in which an individual recalls events that are

auto-biographical [58, 59, 72, 73]. In this regard, functional MRI (fMRI) studies have shown

that medial parietal cortex, including the PreC is activated during episodic memory retrieval

[60]. A major component of episodic memory is autonoetic awareness coupled with a

subjectively sensed time of when certain events occurred [74]. Autonoetic consciousness is

compromised early in the progression of AD [75, 76]. Both a meta-analysis[77] and a

principal component analysis (PCA) [78] have shown that episodic memory deficits can be a

significant factor in predicting conversion from NCI to AD. In healthy brain, the precuneus

demonstrates high metabolic activity during conscious rest and selectively deactivates
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during non-self-directed cognitive tasks [79]. However, there is a marked decrease in brain

glucose metabolism at rest that corresponds to the severity of autobiographical memory

impairment in AD brain [80]. Several fMRI investigations support this finding and show a

significant impairment in the ability of the precuneus to inactivate during cognitive tasks,

even at the earliest disease stages before the onset of overt cognitive impairment [43, 49,

81–91]. Although altered glucose activity may predispose the PreC to synaptic insult over

time, it may not be the driving factor early in the disease state.

In the samples used in the present analysis, there was a significant increase in both [3H]PiB

binding and soluble Aβ42 concentration in the AD group compared to both NCI and aMCI,

but these two latter groups did not differ from each other. Although PiB binding was 1.6

fold higher in the aMCI cohort compared to the NCI group, this wasn’t sufficient to

statistically differentiate the two groups. It is important to note that the current study used a

relatively small number of cases in each cohort precluding generalizations concerning the

relationship between total synaptic numbers and cognitive test results. Further investigation

using a larger sample size are warrented.
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Fig. 1.
Representative electron micrographs of lamina 3 of the precuneus showing synaptic complexes in tissue from the three different

cohorts studied: no cognitive impairment (NCI); amnestic mild cognitive impairment (aMCI); Alzheimer’s disease (AD). In all

tissues, the synaptic complexes appeared normal with synaptic vesicles observed in the presynaptic compartment and a synaptic

density observed in the postsynaptic component. Calibration bar = 0.5μm.
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Fig. 2.
Estimates of the total number of synapses (A) in lamina 3 of the precuneus cortex. Subjects were categorized clinically as no

cognitive impairment (NCI), amnestic mild cognitive impairment (aMCI), or Alzheimer’s disease (AD). Estimates were

obtained using unbiased stereology coupled with electron microscopic imaging of synapses. The total volume (B) of lamina 3 of

the precuneus cortex was estimated with the Cavalieri method directly from tissue sections immediately adjacent to regions used

for synaptic counts. Single points represent individual subjects. Horizontal lines indicates group median. *p < 0.05 compared to

NCI.
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Fig. 3.
Scatterplot showing the relationship between estimates of total number of synapses in lamina 3 of the precuneus cortex and the

subject’s score on the Mini Mental Status Examination (MMSE).
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Fig. 4.
Scatterplot showing the relationship between estimates of total number of synapses in lamina 3 of the precuneus cortex and

[3H]PiB binding in tissue immediately adjacent to that used for ultrastructural examination.
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Fig. 5.
Scatterplot showing the relationship between estimates of total number of synapses in lamina 3 of the precuneus cortex and

levels of soluble Aβ42 in tissue immediately adjacent to that used for ultrastructural examination.
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Table 2

Distribution of ApoE categories by diagnosis

ApoE NCI aMCI AD

E2/2 0 1 (10%) 0

E2/3 1 (10%) 0 1 (12%)

E3/3 8 (80%) 4 (45%) 4 (50%)

E3/4 0 4 (45%) 3 (38%)

E4/4 1 (10%) 0 0

NCI (no cognitive impairment); aMCI (amnestic mild cognitive impairment); AD (Alzheimer’s disease)
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Table 3

Distribution of neuropathological diagnoses by NIA-Reagan criteria

Clinical Diagnosis NCI aMCI AD

1. High likelihood 1 (11%) 1 (10%) 4 (50%)

2. Intermediate likelihood 0 2 (23%) 2 (25%)

3. Low likelihood 3 (30%) 6 (67%) 2 (25%)

4. Not AD 6 (60%) 0 0

NCI (no cognitive impairment); aMCI (amnestic mild cognitive impairment); AD (Alzheimer’s disease)
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