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ABSTRACT

Objective: Recommendations for the diagnosis of preclinical Alzheimer disease (AD) have been
formulated by a workgroup of the National Institute on Aging and Alzheimer’s Association. Three
stages of preclinical AD were described. Stage 1 is characterized by abnormal levels of
�-amyloid. Stage 2 represents abnormal levels of �-amyloid and evidence of brain neurodegen-
eration. Stage 3 includes the features of stage 2 plus subtle cognitive changes. Stage 0, not
explicitly defined in the criteria, represents subjects with normal biomarkers and normal cogni-
tion. The ability of the recommended criteria to predict progression to cognitive impairment is the
crux of their validity.

Methods: Using previously developed operational definitions of the 3 stages of preclinical AD, we
examined the outcomes of subjects from the Mayo Clinic Study of Aging diagnosed as cognitively
normal who underwent brain MRI or [18F]fluorodeoxyglucose and Pittsburgh compound B PET,
had global cognitive test scores, and were followed for at least 1 year.

Results: Of the 296 initially normal subjects, 31 (10%) progressed to a diagnosis of mild cognitive
impairment (MCI) or dementia (27 amnestic MCI, 2 nonamnestic MCI, and 2 non-AD dementias)
within 1 year. The proportion of subjects who progressed to MCI or dementia increased with
advancing stage (stage 0, 5%; stage 1, 11%; stage 2, 21%; stage 3, 43%; test for trend, p �

0.001).

Conclusions: Despite the short follow-up period, our operationalization of the new preclinical AD
recommendations confirmed that advancing preclinical stage led to higher proportions of sub-
jects who progressed to MCI or dementia. Neurology® 2012;78:1576–1582

GLOSSARY
AA � Alzheimer’s Association; AD � Alzheimer disease; AVLT � Auditory Verbal Learning Test; BNT � Boston Naming Test;
CN � cognitively normal; DSM-IV � Diagnostic and Statistical Manual of Mental Disorders, 4th edition; FDG � fluorodeoxy-
glucose; HVa � hippocampal volume adjusted for total intracranial volume; IQR � interquartile range; MCI � mild cognitive
impairment; MCSA � Mayo Clinic Study of Aging; NIA-AA � National Institute on Aging and Alzheimer’s Association;
PiB � Pittsburgh compound B; ROI � region of interest; SNAP � suspected non-Alzheimer pathway; TMT � Trail Making
Test; WAIS-R � Wechsler Adult Intelligence Scale–Revised; WMS-R � Wechsler Memory Scale–Revised.

Guidelines for the diagnosis of Alzheimer disease (AD) have recently been revised by work-
groups of the National Institute on Aging and Alzheimer’s Association (NIA-AA). An asymp-
tomatic or latent form of the disease, dubbed preclinical AD, was proposed, in which a
cognitively normal (CN) person has evidence of AD pathophysiologic changes.1

The new NIA-AA criteria for preclinical AD are conceptualized as having 3 stages.1 Stage 1
is characterized by abnormal levels of �-amyloid. Abnormal levels of �-amyloid can be demon-
strated by PET amyloid imaging or CSF �-amyloid levels. Stage 2 represents abnormal levels of
�-amyloid and, in addition, brain neurodegeneration as evidenced by brain atrophy on struc-
tural MRI, abnormalities on [18F]fluorodeoxyglucose (FDG) PET, or elevated levels of CSF
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tau. Stage 3 includes the features of stage 2
(i.e., �-amyloidosis and neurodegeneration)
as well as subtle cognitive changes. The order
of the NIA-AA stages is meant to imply that
the risk for cognitive impairment due to AD
increases progressively across successive stages.

We have developed an operational ap-
proach to the new criteria and evaluated the
distribution of preclinical AD stages among
CN subjects.2 Although recent studies have
begun to investigate the risk for cognitive de-
cline in persons with abnormal �-amyloidosis
(preclinical AD, stages 1–3 in aggregate),3,4

there are no studies, to our knowledge, that
have examined the other stages individually as
defined in the new NIA-AA criteria. In the
present analysis, we prospectively examined
the utility of our operationalization of the cri-
teria to predict progression to cognitive im-
pairment or dementia in CN subjects from
the Mayo Clinic Study of Aging (MCSA).

METHODS Subjects. The MCSA is a population-based
study of cognitive aging that was established in Olmsted County,
Minnesota, in October 2004.5 All subjects are reevaluated every
15 months. Since 2004, the MCSA enrolled 2,454 subjects who
proved to be CN. The study design,5 the prevalence of mild
cognitive impairment (MCI)6 and dementia,7 and the incidence
of MCI8 have been reported. In 2005, subjects were invited to
undergo brain MRI. Beginning in 2006, both newly and previ-
ously enrolled subjects were offered the opportunity to undergo
PET imaging. The only exclusion criteria were specific contrain-
dications to MRI.

Standard protocol approvals and patient consents. All
study protocols were approved by the Mayo and Olmsted Medi-
cal Center Institutional Review Boards, and all subjects provided
signed informed consent to participate in the study and in the
imaging protocols.

All MCSA subjects undergo a clinical and cognitive assess-
ment every 15 months that includes 9 neuropsychological
tests.5,6 The evaluations of all subjects were reviewed by a consen-
sus panel consisting of physicians (neurologists and geriatri-
cians), neuropsychologists, and study nurses. Subjects in the
present study were diagnosed by the consensus panel as being
CN, based on the clinical assessments including mental status
examinations, informant interviews and a neuropsychological
testing battery described below.5 Imaging findings were not used
in forming a clinical diagnosis.

The neuropsychological battery was constructed as described
previously.5 Domain-specific measures are formulated from the
Wechsler Adult Intelligence Scale–Revised (WAIS-R), Wechsler
Memory Scale-Revised (WMS-R), Auditory Verbal Learning
Test (AVLT), Trail Making Test (TMT), category fluency test,
and Boston Naming Test (BNT). Four cognitive domains are
assessed: Executive (TMT: Part B, WAIS-R Digit Symbol); Lan-
guage (BNT, category fluency); Memory (WMS-R Logical
Memory-II, delayed recall percent retention, WMS-R Visual

Reproduction-II delayed recall percent retention, AVLT delayed
recall percent retention); and Visuospatial (WAIS-R Picture
Completion, WAIS-R Block Design).

Subjects were considered to be CN if they performed within
the normative range and did not meet criteria for MCI or de-
mentia.5,6 A diagnosis of MCI was defined according to pub-
lished criteria9 as cognitive concern by subject, informant, nurse,
or physician; impairment in one or more of the 4 cognitive do-
mains; essentially normal functional activities; and absence of
dementia, according to the DSM-IV criteria.10 Subjects with
MCI were classified as having amnestic MCI if the memory do-
main was impaired or nonamnestic MCI if the memory domain
was not impaired. A diagnosis of dementia was based on the
DSM-IV criteria.10

Although the MCSA uses age-corrected and (as appropriate)
education-corrected Mayo Older Adult Normative Scores in
forming a clinical diagnosis,11 we analyzed unadjusted z scores
using means and SDs from a reference sample that was com-
posed of 1,624 CN subjects from the initial MCSA enrollment
visit. This large sample of subjects provided test-level, domain-
level, and global-level reference means and SDs.

Our approach to obtaining domain-level z scores was as fol-
lows. First, individual test scores were converted to z scores using
the test’s reference mean and SD. Second, a raw domain score
was calculated by taking the average of the component z
scores. Third, the resulting raw domain score was converted to a
z score using the domain-level reference mean and SD. A global
cognitive summary score was formed by summing the 4 individ-
ual domain z scores, and this was converted to a z score using the
global reference mean and SD. This global summary z score was
used to assess cognitive impairment in our subjects.

We identified 529 MCSA CN subjects with cross-sectional
MRI and PET imaging and global cognitive z score data. As of
November 2011, 299 subjects (57%) had at least one follow-up
examination in which their diagnostic status was determined.
One subject with a follow-up visit less than 1 year after the base-
line and 2 subjects missing the 15-month visit were subsequently
excluded, leaving 296 subjects in our longitudinal analysis. Sev-
enteen subjects (7%) among the 230 not included in the longi-
tudinal analysis were lost to follow-up.

Imaging methods. MRI was performed at 3 T with a
3-dimensional-magnetization-prepared rapid gradient echo se-
quence12 as described previously. Our primary MRI measure was
hippocampal volume (measured with FreeSurfer software, ver-
sion 4.5.013) adjusted for total intracranial volume (HVa).14 To-
tal intracranial volume was measured by an algorithm developed
by our laboratory.15 We calculated HVa as the residual from a
linear regression of hippocampal volume (y) vs total intracranial
volume (x).

PET images16 were acquired using a PET/CT scanner. A CT
image was obtained for attenuation correction. The 11C-
Pittsburgh compound B (PiB) PET scan consisting of 4
5-minute dynamic frames was acquired from 40 to 60 minutes
after injection.17,18 [18F]FDG-PET images were obtained 1 hour
after the PiB scan. Subjects were injected with [18F]FDG and
imaged after 30–38 minutes, for an 8-minute image acquisition
consisting of 42-minute dynamic frames.

Quantitative image analysis for both PiB and FDG was done
using our in-house fully automated image processing pipeline.19

A global cortical PiB-PET retention ratio was formed by calcu-
lating the median uptake over voxels in the prefrontal, orbito-
frontal, parietal, temporal, anterior cingulate, and posterior
cingulate/precuneus regions of interest (ROIs) for each subject
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and dividing this by the median uptake over voxels in the cere-
bellar gray matter ROI of the atlas.20 FDG-PET scans were ana-
lyzed in a similar manner. For FDG-PET, we used the glucose
metabolic rates from an AD signature set of ROIs consisting of
angular gyrus, posterior cingulate, and inferior temporal cortical
ROIs21 normalized to pons uptake.

The median (interquartile range [IQR]) number days be-
tween the cognitive assessment and the MRI scan was 53 (39–
66) days. The median (IQR) number of days between the MRI
scan and the PET scan was 21 (8–35) days.

Operationalization of preclinical criteria. We previously
described our approach to the definition of imaging cutpoints
for stages 1 and 2 of the preclinical criteria.2 Using subjects with
clinically diagnosed AD dementia from the Mayo Alzheimer’s
Disease Research Center, we chose the values for each imaging
biomarker that corresponded to 90% sensitivity. For abnormal
brain �-amyloidosis, a requirement for all stages of the preclini-
cal criteria, we used the cutpoint for the PiB-PET global cortical
ratio of 1.5. For the markers of neurodegenerative changes re-
quired for stages 2 and 3, subjects were classified as having neu-
rodegeneration if they had abnormal hippocampal atrophy or
abnormal FDG-PET hypometabolism. The 90% sensitivity cut-
point for HVa was �0.70. For the FDG-PET hypometabolism
ratio of the AD signature/cerebellar regions, the cutpoint value
was 1.31.

For the subtle cognitive change required for stage 3,1 we
defined the cognitive cutpoint based on the 10th percentile on
the global neuropsychological composite z score from the base-
line assessments of the 450 CN subjects who were part of the
cross-sectional group with imaging biomarker assessments.2 In a
secondary analysis we used the 10th percentile from the memory
domain z score. The 10th percentile on our global cognitive
composite corresponded to a z score of �0.85, whereas a
value of �1.04 corresponded to the 10th percentile on the
memory domain.

Subjects who were normal for the �-amyloid, neurodegen-
erative, or cognitive criteria were labeled as stage 0 to indicate
that they are not currently on the AD pathophysiology pathway.

It was further necessary to define another group that did not
conform to the 3 defined stages of the NIA-AA preclinical crite-
ria. This group included subjects with abnormal neurodegenera-
tion biomarkers but normal �-amyloid imaging. We designated
this group as representing a suspected non-Alzheimer pathway
(SNAP).2 We left unclassified 2 other sets of subjects: those with
normal biomarkers but abnormal cognition and those with ab-
normal �-amyloid imaging and abnormal cognition but no neu-
rodegeneration. This latter group was small, but we suspect these
subjects may be misclassified and belong somewhere in NIA-AA
preclinical stages 1–3.

Statistical analysis. We summarized data for descriptive pur-
poses using the median (IQR) for the continuous variables and
counts (percent) for the categorical variables. We tested for dif-
ferences in the continuous variables between groups using the
Wilcoxon rank sum test, and �2 tests were used for categorical
variables. Because of the short follow-up period and variable du-
ration of follow-up across the cohort, we focused on comparing
the proportion of subjects that progressed to MCI or dementia
by their 15-month follow-up visit. Because of the importance of
keeping follow-up times the same across subjects, all subjects
who were stable through 15 months were considered nonpro-
gressors in our analysis, even if they were found to subsequently
progress. We used a �2 trend test to test for an increase in pro-
portions from stage 0 to stage 3 and �2 tests for 2 � 2 tables using
the n � 1 method.22 All p values reported are 2-sided, and we did
not adjust for multiple comparisons.

RESULTS The characteristics of the 296 CN sub-
jects in the longitudinal study group and the 2 larger
groups (all MCSA CN subjects and all MCSA CN
subjects with baseline imaging biomarkers and global
cognitive z score) from which they were drawn are
shown in table 1. The proportion of subjects falling
into each stage of the preclinical criteria was similar
to that for the larger group of 529 CN subjects who
had imaging biomarkers measured. The demograph-
ics of the subjects in the longitudinal group, broken
down by preclinical stage, are shown in table 2. Of
296 subjects, 31 (10%) progressed (27 amnestic
MCI, 2 nonamnestic MCI, 1 vascular dementia, and
1 dementia with Lewy bodies). None developed AD
dementia within 1 year of follow-up. Both patients
who progressed to non-AD dementia fell into pre-
clinical AD stage 2. Their PiB-PET global cortical
ratios were 2.5 and 2.6; both met the FDG-PET cri-
teria for abnormal glucose metabolism in AD signa-
ture regions.

The proportion of subjects with MCI or demen-
tia at the follow-up visit by preclinical stage (using
the global cognitive z score to inform cognitive ab-
normality) is shown in table 2. Different groupings
of stages are compared in table 3. A larger proportion
of subjects progressed as stage increased from 0 to 3
(p value for trend �0.001). There were no signifi-
cant differences between stages 1 and 2 nor between

Table 1 Descriptive characteristics of MCSA CN participants

Characteristic
All
participants

All participants
with imaging
biomarkers

Longitudinal
study
participants

No. of subjects 2,454 529 296

Age, years, median (IQR) 78 (74–83) 78 (74–82) 78 (75–82)

Female gender, n (%) 1,220 (50) 240 (45) 130 (44)a

Education, years, median (IQR) 13 (12–16) 14 (12–16) 14 (12–16)a

APOE �4 positive, n (%) 589 (25) 132 (26) 75 (25)

MMSE score, median (IQR) 28 (27–29) 28 (27–29) 28 (27–29)a

Subject grouping by biomarkers
and cognitive status, n (%)

Preclinical AD stage 0 232 (44) 127 (43)

Preclinical AD stage 1 85 (16) 44 (15)

Preclinical AD stage 2 62 (12) 39 (13)

Preclinical AD stage 3 13 (2) 7 (2)

SNAP group 121 (23) 69 (23)

Unclassified 16 (3) 10 (3)

Abbreviations: AD � Alzheimer disease; CN � cognitively normal; IQR � interquartile range;
MCI � mild cognitive impairment; MCSA � Mayo Clinic Study of Aging; MMSE � Mini-
Mental State Examination; SNAP � suspected non-Alzheimer pathway.
a Longitudinal study participants differed from all other MCSA CN subjects, p � 0.05.
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2 and 3, although the sample sizes are small. There
was no significant difference between the SNAP
group and stages 1–3 (10% vs 18%, p � 0.18), al-
though the absolute proportion of subjects who pro-
gressed to MCI or dementia was higher in stages 1–3.
We repeated the analyses using the memory compos-
ite z score and found similar results (stage 0, 4%;
stage 1, 10%; stage 2, 19%; stage 3, 44%; p value for
trend �0.001; stage 0 [4%] vs stages 1–3 [17%], p �
0.002).

DISCUSSION The best measure of the validity of
the recently proposed criteria for preclinical AD
ought to be their predictive accuracy for progression
to mild cognitive impairment or dementia. Our anal-
yses offer preliminary support for their predictive va-
lidity. The proportion of subjects who developed
MCI or dementia over 1 year of follow-up increased
across stages. Subjects with �-amyloidosis (stages

1–3) were at greater risk for progression to MCI or
dementia than those in stage 0. Although our partic-
ipants were virtually all of European descent, they
were drawn from a population-based sample of el-
derly participants.

Although the risk increased significantly across
stages, we were not able to demonstrate a significant
difference in outcomes between stages 1 and 2 or 2
and 3, in part because of the few subjects in each
group. However, the observed percentages suggest a
possible increase in proportion of subjects who pro-
gressed to MCI or dementia in stage 3 (43%) com-
pared with stage 2 (21%). Beyond these initial steps
toward validating the criteria, the results also support
a model of sequential pathophysiologic alterations
that may lead to clinical AD dementia.23 Studies of
persons with MCI at baseline have shown that the
combination of abnormal �-amyloid biomarkers and
neurodegenerative biomarkers conveys an increased

Table 2 Descriptive characteristics of participants by preclinical AD stage

Characteristic

Stage defined by imaging and cognitive assessmenta

Stage 0 (n � 127) Stage 1 (n � 44) Stage 2 (n � 39) Stage 3 (n � 7) SNAP group (n � 69)

Age, y, median (IQR) 77 (74–80) 80 (75–82) 80 (78–82) 81 (80–82) 81 (76–84)

Female gender, n (%) 62 (49) 20 (45) 15 (38) 2 (29) 26 (38)

Education, y, median (IQR) 14 (12–16) 14 (12–16) 15 (12–18) 14 (12–16) 14 (12–16)

APOE �4 carrier, n (%) 31 (24) 15 (34) 16 (41) 5 (71) 8 (12)

MMSE score, median (IQR) 28 (28–29) 28 (27–29) 28 (27–29) 27 (26–28) 28 (27–29)

No. of follow-up visits, n (%)

One 96 (76) 38 (86) 33 (85) 7 (100) 56 (81)

Two 26 (20) 4 (9) 3 (8) 0 (0) 8 (12)

Three 3 (2) 2 (5) 3 (8) 0 (0) 3 (4)

Four 2 (2) 0 (0) 0 (0) 0 (0) 2 (3)

Follow-up, y, median (range) 1.3 (1.1–5.1) 1.3 (1.2–3.9) 1.3 (1.1–4.1) 1.3 (1.2–1.5) 1.3 (1.1–5.1)

MCI/dementia diagnosis at
1 year, n (%)

6 (5) 5 (11) 8 (21) 3 (43) 7 (10)

Cognitive z scores,
median (IQR)b

Global 0.71 (0.18 to 1.35) 0.47 (�0.00 to 1.29) 0.35 (�0.24 to 0.84) 0.34 (�0.27 to 0.82) 0.47 (�0.30 to 1.11)

Memory 0.71 (0.13 to 1.33) 0.75 (�0.16 to 1.54) 0.42 (�0.30 to 0.87) 0.40 (�0.31 to 0.78) 0.36 (�0.26 to 1.22)

Language 0.49 (0.04 to 1.09) 0.37 (�0.40 to 0.90) 0.19 (�0.33 to 0.88) 0.19 (�0.33 to 0.80) 0.27 (�0.38 to 1.07)

Executive 0.66 (0.10 to 1.09) 0.44 (�0.17 to 1.13) 0.15 (�0.37 to 0.98) 0.12 (�0.38 to 0.92) 0.03 (�0.48 to 0.96)

Visuospatial 0.63 (0.03 to 1.18) 0.62 (0.24 to 1.39) 0.46 (�0.08 to 0.87) 0.44 (�0.10 to 0.85) 0.35 (�0.49 to 0.89)

PiB ratio, median (IQR) 1.33 (1.29 to 1.38) 1.86 (1.64 to 2.11) 1.89 (1.65 to 2.26) 1.93 (1.67 to 2.29) 1.34 (1.30 to 1.39)

FDG ratio, median (IQR) 1.46 (1.39 to 1.52) 1.43 (1.39 to 1.53) 1.27 (1.21 to 1.30) 1.27 (1.21 to 1.30) 1.28 (1.25 to 1.33)

Adjusted hippocampal
volume, median (IQR)

0.39 (�0.19 to 0.84) 0.36 (�0.09 to 0.77) �0.46 (�0.94 to �0.02) �0.46 (�0.97 to 0.10) �0.54 (�0.82 to �0.14)

Abbreviations: AD � Alzheimer disease; CN � cognitively normal; FDG � fluorodeoxyglucose; IQR � interquartile range; MCI � mild cognitive impairment;
MCSA � Mayo Clinic Study of Aging; MMSE � Mini-Mental State Examination; PiB � Pittsburgh compound B.
a Stage 0, all biomarkers normal; stage 1, abnormal PiB-PET; stage 2, abnormal PiB-PET and falling abnormal on at least one neurodegeneration biomarker;
stage 3, abnormal PiB-PET, neurodegeneration and cognitive z score; SNAP, suspected non-Alzheimer pathway, where at least one neurodegeneration
biomarker is abnormal with normal PiB-PET with or without abnormal cognition.
b The median global cognitive z scores are �0 for the study group, which reflects their volunteer nature and the fact that about three-fourths of subjects
had had one or more cognitive testing sessions before the PET baseline visit.
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risk for incident dementia compared with possession
of only one abnormal biomarker type.24–27

In addition to the short follow-up and modest
number of subjects who developed MCI or demen-
tia, our findings should be considered preliminary
because of other limitations of our analyses. First,
there are several ways that the NIA-AA preclinical
AD criteria could be operationalized.1 For imaging
cutpoints, we chose values that were based on a level
of abnormality that captured 90% of our group of
patients with clinically diagnosed AD dementia.2

Sensitivity analyses showed that a less abnormal cut-
point included more subjects in stages 1–3 and the
SNAP group and more abnormal cutpoints included
fewer subjects.2 Among imaging features to define
the neurodegenerative criteria, we allowed either hip-
pocampal volume loss or FDG-PET hypometabo-
lism rather than just one of these because each
captures a different aspect of neurodegeneration.
However, a requirement for abnormalities in both of
them would have been more conservative. We also
could have used alternative ROIs for volumetric
MRI that included the AD signature regions28 simi-
lar to what we used in FDG-PET,26 or we could have
chosen a smaller ROI such as the posterior cingulate
gyrus alone for FDG-PET. Given the preliminary
nature of the current analysis, we were unable to per-
form comparisons of different ROIs and cutpoints
until we have studied more subjects for a longer pe-
riod of time. Second, we did not use CSF results,
because in the MCSA, the number of subjects with
both CSF and longitudinal follow-up was much
smaller than the current imaging-based cohort. The
correct cutpoints and the correct imaging or biofluid
modality will be the ones that, on future longitudinal
analyses, offer the best combination of specificity and
sensitivity.

We used only PiB-PET imaging to define brain
�-amyloidosis. As expected, about one-third of our
elderly subjects had abnormal levels of PiB reten-

tion.19,29–32 In our study group, amyloid positivity
alone was associated with progression at 1 year (17%
vs 8%, p � 0.02). The relationship between CSF
�-amyloid and PiB-PET tracer retention levels is
very strong.33,34 We would expect, therefore, that use
of CSF �-amyloid levels for the definition of abnor-
mal amyloidosis would yield similar results. The in-
creased risk of MCI or dementia in subjects in stages
1–3 compared with stage 0 was consistent with prior
studies that have shown that cognitively normal sub-
jects with evidence of �-amyloidosis are at greater
risk for cognitive decline.3,4 There are far more stud-
ies showing that persons with MCI who have abnor-
mal �-amyloid biomarkers are more likely to
progress to dementia than those lacking such bio-
markers.4,35–38 Current models of AD biomarkers
predict that �-amyloidosis should have the same pre-
dictive relationship for progression along the spec-
trum of cognitive impairment in both the cognitively
normal and MCI phases of the process.23

The subtle cognitive decline feature of stage 3 of
the preclinical AD criteria1 has been a challenge to
operationalize and conceptualize. We chose to use a
cross-sectionally derived global cognitive score for
practical reasons, because it allowed us to include
more subjects in analyses. Persons who eventually be-
come demented have lower cognition than persons
who do not progress to dementia.39 That was the case
with our subjects: those in the lowest 10th percentile
of global cognition had a greater risk for MCI or
dementia than the rest of the group (32% vs 8%, p �
0.001). Conceptually, low cognitive functioning
should be viewed as a measure of the outcome itself
and not as a risk factor for cognitive decline to avoid
circularity. In the specific context of the assessment
of preclinical AD and not preclinical dementia in
general, low cognitive functioning has meaning only
in subjects who have evidence of �-amyloid accumu-
lation and neurodegeneration.

One-quarter of our subjects had abnormal neuro-
degeneration biomarkers but normal �- amyloid
imaging, a proportion similar to that of our cross-
sectional group.2 We designated this group by the
acronym SNAP. With 15 of 31 progressors (48%)
below the cutpoint for PiB retention, our observa-
tions called attention to a non–�-amyloid preclinical
state of dementia that might not be due to AD
pathophysiology. Although our MRI and FDG-PET
imaging biomarkers were based on AD pathophysiol-
ogy, we believe that the SNAP group may have non-AD
pathophysiologic processes such as cerebrovascular
disease, synucleinopathies, non-AD tauopathies, or
other neurodegenerative pathologic conditions.40

The SNAP subjects had a short-term prognosis
that was not demonstrably different from preclini-
cal AD stages 0 or stages 1–3 combined. To be

Table 3 Proportion of participants who progressed to MCI/AD within 15
months by stage

Comparison
Proportion progressed to MCI/
dementia within 15 mo, n (%) p Value

Trend test stage 0–3 6 (5), 5 (11), 8 (21), 3 (43) �0.001

Stage 0 vs 1–3 6 (5) vs 16 (18) 0.002

Stage 1 vs 2 5 (11) vs 8 (21) 0.26

Stage 2 vs 3 8 (21) vs 3 (43) 0.21

Stage 1–3 vs SNAP group 16 (18) vs 7 (10) 0.18

Stage 2 � 3 vs SNAP group 11 (24) vs 7 (10) 0.05

Stage 0 vs SNAP 6 (5) vs 7 (10) 0.15

Abbreviations: AD � Alzheimer disease; MCI � mild cognitive impairment; SNAP � sus-
pected non-Alzheimer pathway.
a p Values are from a �2 test with correction.
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sure, our analysis lacked power to detect subtle
group differences.

Of the 2 subjects who progressed to dementia,
one received a diagnosis of vascular dementia because
of extensive white matter hyperintensities and wors-
ening cognitive impairment after a stroke. The other
was diagnosed with dementia with Lewy bodies because
of very prominent parkinsonism and profound apathy
(see appendix e-1 on the Neurology� Web site at
www.neurology.org). Even with imaging findings in-
dicative of AD pathophysiology, non-AD processes
may be present and relevant to the cognitive disorder.

This report represents a preliminary view of the
utility of the preclinical AD criteria for assessing
prognosis. The concept of preclinical AD enables a
systematic approach to prevention of clinical cogni-
tive impairment. We are encouraged that the model
we tested showed promising predictive abilities.
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