Supplementary Material

SUPPLEMENTARY METHODS

Data used in the preparation of this article were obtained from the ADNI database
(http://adni.loni.usc.edu). The ADNI was launched in 2003 by the National Institute on Aging
(NIA), the National Institute of Biomedical Imaging and Bioengineering (NIBIB), the Food and
Drug Administration (FDA), private pharmaceutical companies and non-profit organizations, as
a $60 million, 5-year public-private partnership. The primary goal of ADNI has been to test
whether serial magnetic resonance imaging (MRI), positron emission tomography (PET), other
biological markers, and clinical and neuropsychological assessment can be combined to measure
the progression of MCI and early AD. Determination of sensitive and specific markers of very
early AD progression is intended to aid researchers and clinicians to develop new treatments and
monitor their effectiveness, as well as lessen the time and cost of clinical trials. The Principal
Investigator of this initiative is Michael W. Weiner, MD, VA Medical Center and University of
California — San Francisco. ADNI is the result of efforts of many co-investigators from a broad
range of academic institutions and private corporations, and subjects have been recruited from
over 50 sites across the U.S. and Canada. The initial goal of ADNI was to recruit 800 subjects
but ADNI has been followed by ADNI-GO and ADNI-2. To date these three protocols have
recruited over 1500 adults, ages 55 to 90, to participate in the research, consisting of cognitively
normal older individuals, people with early or late MCI, and people with early AD. The follow
up duration of each group is specified in the protocols for ADNI-1, ADNI-2 and ADNI-GO.
Subjects originally recruited for ADNI-1 and ADNI-GO had the option to be followed in ADNI-

2. For up-to-date information, see http://www.adni-info.org.



Standard Protocol Approvals, Registrations, and Patient Consents
This study was approved by an ethical standards committee on human experimentation at
each institution. Written informed consent was obtained from all participants or authorized

representatives participating in the study.

Apolipoprotein E Genotypes

Apolipoprotein E genotyping was performed at the time of participant enrollment and
included in the ADNI database. The two single nucleotide polymorphisms (rs429358, rs7412)
that define the epsilon 2, 3, and 4 alleles, are not on the Human610-Quad BeadChip, and
therefore were genotyped using DNA extracted via blood by Cogenics from a 3 mL aliquot of
ethylenediaminetetraacetic acid-containing vacutainer tubes. Polymerase chain reaction
amplification was followed by Hhal restriction enzyme digestion, resolution on 4% Metaphor

Gel, and visualization by ethidium bromide staining. See http://www.adni-info.org for details.

Cerebrospinal Fluid Measures

Methods of CSF acquisition and biomarker measurement using the ADNI sample have
previously been described by Shaw et al. [1]. Briefly, CSF was collected and stored at
-80°C at the University of Pennsylvania ADNI Biomarker Core Laboratory. Amyloid-p from
peptides 1-42, tau phosphorylated at threonine 181, and total tau was measured using the
multiplex xMAP Luminex platform (Luminex Corp, Austin, TX) with Innogenetics (INNOBIA
AlzBio3, Ghent, Belgium) immunoassay kit-based reagents. See http://www.adni-info.org for

details.



SUPPLEMENTARY RESULTS
Performances of MCI Subtypes on ADNI’s Diagnostic Measures
Conventional criteria

On the WMS-R Logical Memory II subtest, which was used in ADNI’s MCI diagnosis and
thus not included in the cluster analysis, the Amnestic and Dysexecutive/Mixed groups performed
similarly to each other (p > 0.05) but worse than the Cluster-Derived Normal group (ps < 0.001).
A similar pattern was found on the MMSE, as the two impaired groups performed worse than the
Cluster-Derived Normal group (ps < 0.001). Global CDR scores were 0.5 for all cluster groups;
however, Amnestic and Dysexecutive/Mixed groups scored higher on the CDR Sum of Boxes

compared to the Cluster-Derived Normal group (ps < 0.001).

Actuarial criteria

On the WMS-R Logical Memory Il subtest, the Amnestic and Dysexecutive/Mixed and
groups performed worse than the Impaired Language group (ps < 0.01). On the MMSE, the
Dysexecutive/Mixed group performed worse than the other two groups (ps < 0.01). There was no

difference between groups on CDR Sum of Boxes scores (p > 0.05).

Clinical and Biomarker Characteristics of Cluster-Derived Normal Participants Who
Progressed to AD

Among the Cluster-Derived Normal subgroup it is notable that as a whole they demonstrated
a higher APOE &4 allelic frequency (38%) than the overall sample of ADNI cognitively normal
participants (n=407 with genetic data available, 4 carriers = 27%; y*(1) =8.76; p=0.003),

suggesting that this group nevertheless contained at least a subset of at-risk individuals that



might still be differentiable by other clinical, imaging, and biomarker characteristics. Follow-up
analyses showed that 23 of the 246 (9.3%) of the participants in this Cluster-Derived Normal
group did in fact progress to AD within our follow-up timeframe. Also, 11 of the 23 (48%) who
progressed carried the APOE- &4 allele, a rate similar to the other empirically-derived MCI
subtypes (e.g., Amnestic, Dysexecutive/Mixed, Impaired Language). Moreover, those 23
participants who ultimately progressed to AD were significantly older (t(244) = -2.69, p<0.01)
than their 223 counterparts with follow-up data who did not progress, and they showed
statistically significant poorer memory recall (AVLT Recall: t(244) = 3.56, p<0.001) as well as
qualitatively lower neuropsychological scores across the other tests administered. CSF
biomarkers also differed, as those who progressed demonstrated lower AB1-42 (1(138) = 3.00,
p=0.003) and slightly higher p-tauisip/Api-42 values (t(10.4) = -2.40, p=0.04) when compared to
those who did not progress to AD. The mean time point at which a dementia diagnosis was made
for these 23 individuals was 34.2 months post-screening, or about 12-15 months later than for
either of the other progression rates based on the conventional or actuarial criteria.

Overall, the statistical classification of MCI based on neuropsychological test scores resulted
in a significant improvement in the specificity of the diagnosis, as it identified 265 participants
with potentially false positive diagnoses. However, it was at a cost of some modest
corresponding decline in sensitivity, as a subset of 23 individuals in the Cluster-Derived Normal
group did progress to dementia over time. Thus their original ADNI diagnosis of MCI could be
considered accurate. However, it is important to note that nearly an equal number of individuals
(21 participants; 8.5%) in the Cluster-Derived Normal group reverted a cognitively normal
classification by ADNI at follow-up, suggesting roughly equal diagnostic errors in the opposite

direction. All told, our findings suggest that a very modest loss in sensitivity (i.e., 23 of the 246



participants with follow-up data) is far outweighed by the large gains in specificity (i.e., 223 of

the 246 participants).
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Supplementary Table 1. ADNI roster ID numbers of participants in this study.
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Supplementary Table 2. ADNI roster ID numbers and diagnoses based on ADNI criteria and
neuropsychological criteria.
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