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Abstract

Alzheimer's disease (AD) biomarkers and stroke risk factors independently predict cognitive
impairment, likely through independent disease pathways. However, limited work has sought to
describe the dynamic interplay between these important risk factors. This manuscript evaluated the
interaction between stroke risk and AD biomarkers on hippocampal volume and cognitive
performance. We first evaluated the interaction between stroke risk factors and AD biomarkers
using data from the Alzheimer's Disease Neuroimaging Initiative (ADNI, n=1202). We then
extended our findings to an independent autopsy dataset from the National Alzheimer's
Coordinating Center (NACC, n=1122) using measures of AD pathology. Stroke risk was
quantified using the Framingham Stroke Risk Profile. In ADNI, stroke risk interacted with tau and
amyloid levels in relation to baseline and longitudinal cognitive performance. Similarly, in NACC,
stroke risk interacted with amyloid and tau positivity on cognitive performance. The effect of
stroke risk factors on cognition was strongest in the absence of AD biomarkers or neuropathology,
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providing additional evidence that AD biomarkers and stroke risk factors relate to cognition
through independent pathways.

1. Introduction

Stroke risk factors, such as hypertension and cigarette smoking, have been associated with
lower neuropsychological performance in elders with normal cognition and mild cognitive
impairment (MCI; Brady et al., 2001) and in relation to incident Alzheimer's disease (AD;
Kivipelto et al., 2002). While much AD work has focused on classifying “pure” AD in the
absence of vascular disease (Jack et al., 2013; Jack et al., 2010), the autopsy literature has
clearly demonstrated that the most common presentation of AD is a mixed pathology with
contributions from amyloid-f (AB) plaques, tau neurofibrillary tangles, and cerebrovascular
disease (Schneider, Arvanitakis, et al., 2007; Schneider & Bennett, 2010; Troncoso et al.,
2008). The dynamic interplay among AD and cerebrovascular pathologies remains
somewhat elusive, but their co-occurrence leaves open the possibility that risk factors for
both may interact in conferring risk for neurodegeneration (e.g., hippocampal volume) and
cognitive decline (e.g., neuropsychological performance).

Cerebrospinal fluid (CSF) biomarkers of AD include AB-42, total tau, and phosphorylated
tau levels based on their strong associations with brain volume (de Souza et al., 2012; Fjell
et al., 2010) neuropsychological impairment (Buerger et al., 2005; Jagust et al., 2009), and
post-mortem AD pathology (Buerger et al., 2006). Similarly, stroke risk factors have shown
strong associations with brain volume (Seshadri et al., 2004), neuropsychological
impairment (Brady et al., 2001; Jefferson et al., In Press; Kivipelto et al., 2002), and
cerebrovascular pathology (Wang et al., 2009; Wolf et al., 1991). In mouse models, there
has been some evidence that certain stroke risk factors, such as smoking (Moreno-Gonzalez
et al., 2013) and hypertension (Diaz-Ruiz et al., 2009; Gentile et al., 2009), actually
exacerbate AD pathology. Thus, there may be differing effects of stroke risk factors on
neurodegeneration depending on the presence or absence of AD biomarkers. Yet, despite the
depth of research investigating AD biomarkers and stroke risk factors independently, less
research has focused on evaluating whether these factors interact in relation to brain volume
or neuropsychological performance.

The current study examines the interplay between stroke risk factors and CSF biomarkers in
relation to cross-sectional and longitudinal measures of brain aging. First, in the Alzheimer's
Disease Neuroimaging Initiative (ADNI) dataset, we evaluate interactions between stroke
risk factors and AD biomarkers in relation to cross-sectional and longitudinal hippocampal
volume. Second, we test the same interactions in relation to cross-sectional and longitudinal
neuropsychological performance. Finally, we replicate the observed interaction effects on
neuropsychological performance in a second, independent cohort using the National
Alzheimer's Coordinating Center (NACC) dataset. We could not analyze hippocampal
volume in NACC because MRI data were not available for analysis, so replication analyses
focus on cognitive performance. Our hypothesis was that the effect of stroke risk factors on
brain aging outcomes would depend on AD biomarker levels whereby vascular risk would
exacerbate brain aging in the presence of AD biomarkers.
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2. Materials and Methods

Data used in the preparation of this article were obtained from the Alzheimer's Disease
Neuroimaging Initiative launched in 2003 (ADNI; adni.loni.usc.edu). 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, excluding
serious neurological disease other than AD, history of brain lesion or head trauma, and
history of psychoactive medication use (for full inclusion/exclusion criteria see www.adni-
info.org). Informed written consent was obtained from all participants at each site.

The replication sample was drawn from the National Alzheimer's Coordinating Center
(NACC), which maintains a database of participant information collected from 34 past and
present National Institute on Aging-funded Alzheimer's Disease Centers. In 2005, NACC
implemented a standard protocol (i.e., Uniform Dataset, UDS), including clinical, medical,
neurological, and neuropsychological data (Beekly et al., 2004). Analysis of both publically
available databases was approved by our local Institutional Review Board.

2.1 Participants

We accessed publicly available data from ADNI on 6/1/2014. Participants were enrolled
based on criteria outlined in the ADNI protocol (http://www.adniinfo.org/Scientists/
AboutADNI.aspx). For the present analyses we included all participants who had CSF
biomarker data, full vascular risk factor data needed to calculate a stroke risk score, and the
outcome measure of interest. For the neuroimaging analyses, participants had to have a
FreeSurfer measure of hippocampal volume derived from 1.5T MRI data, yielding 1082
participants. For cognitive analyses, participants had to have a composite measure of
episodic memory and executive function, yielding 1202 participants with all measures of
interest.

For the replication sample, we used neuropathology data because NACC does not have CSF
biomarker data available for analysis. NACC participants between 55 and 90 years of age
evaluated between 9/01/2005 and 9/29/2014 with neuropathology, neuropsychological, and
stroke risk data were included, yielding 1122 participants.

2.2 Framingham Stroke Risk Profile (FSRP)

To assess systemic vascular health, we calculated FSRP at baseline in the ADNI dataset and
at the last visit before death in the NACC dataset. FSRP assigns points for age, systolic
blood pressure (accounting for anti-hypertensive treatment), history of diabetes, current
cigarette smoking, prevalent cardiovascular disease (i.e., history of myocardial infarction,
angina pectoris, coronary insufficiency, intermittent claudication, or heart failure), left
ventricular hypertrophy, and history of atrial fibrillation (D'Agostino et al., 1994). In this
study, the FSRP calculation is modified because left ventricular hypertrophy information is
not available in ADNI or in NACC. FSRP values range from 0 to 44 with higher values
indicating more adverse risk of stroke.
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2.3 CSF Biomarker Processing (ADNI) and Autopsy Measures of Neuropathology (NACC)

ADNI's CSF protocol, including the quantification of Ap-42 and tau, has been outlined in
detail elsewhere (Jagust et al., 2009; Shaw et al., 2011). For the present analyses, we
compiled a dataset across the UPENN1 — UPENNS5 data sources available for download on
the ADNI site and used the first measure of total tau and AB-42 available for each subject.
Biomarker levels were entered as continuous predictors in statistical models.

In the NACC dataset, we used the semi-quantitative CERAD neuritic plaque staging to
classify participants as either “amyloid positive” or “amyloid negative”. Individuals with no
plaques or sparse plaques were considered amyloid negative, and those with moderate or
frequent plaques were considered amyloid positive. Similarly, we used the semi-quantitative
BRAAK neurofibrillary tangle staging to identify participants as either “tau positive” or “tau
negative.” BRAAK stages 0, | and Il were considered “tau negative,” and BRAAK stages
I11I-VI were considered “tau positive.”

2.4 Composite Neuropsychological Measurements

The ADNI neuropsychological protocol has been reported in detail, including calculation of
composite measures of episodic memory and executive function (P. K. Crane et al., 2012;
Gibbons et al., 2012). We leveraged both the memory (ADNI-MEM) and the executive
function (ADNI-EF) scores in the present analyses. Briefly, a single factor model based on
item level data from the Rey Auditory Verbal Learning Test, the AD Assessment Scale-
Cogpnitive Subscale, the Mini-Mental State Examination, and the Logical Memory test were
used in the calculation of the ADNI-MEM score. Item level data from the Trail Making Test
(A and B), Digit Span Backwards, Digit Symbol, Animal Naming, Vegetable Naming, and
the Clock Drawing Test were used in the calculation of the ADNI-EF score.

We used a well-validated psychometric approach to co-calibrate memory and executive
functioning scores from the ADNI and NACC databases (Crane et al., 2008). Co-calibration
refers to combining test scores across studies into a single metric. Briefly, we co-calibrated
ADNI-MEM and ADNI-EF scores with NACC item level data to obtain NACC memory
(NACC-MEM) and executive function (NACC-EF) scores on the same metric as ADNI
using previously published methods (Paul K Crane et al., 2008; Mez et al., Under Review).
Common memory measures in NACC and ADNI (i.e., Logical Memory Immediate and
Delayed Recall) and common executive function measures (i.e., Digit Span Backwards,
Verbal Fluency, Vegetable Fluency, and Trail Making Test Parts A and B) served as anchors
for co-calibration. We calculated the memory and executive function scores for all NACC
participants using parameters from ADNI-Mem and ADNI-EF. We performed co-calibration
using Mplus software (Muthén & Muthén, 1998).

2.5 Quantification of Hippocampal Volume and Hippocampal Atrophy

The ADNI neuroimaging protocol has been reported in detail elsewhere (Jack et al., 2008).
Images for the current study included original uncorrected 1.5T T1-weighted high-resolution
three-dimensional structural data. Cortical reconstruction and volumetric segmentation were
performed with the FreeSurfer image analysis suite version 4.3 in ADNI-1 and 5.1 in ADNI
2 (http://surfer.nmr.mgh.harvard.edu/) (Dale et al., 1999; Fischl, Sereno, & Dale, 1999;
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Fischl, Sereno, Tootell, et al., 1999). FreeSurfer processing in ADNI has been described in
detail elsewhere (Mormino et al., 2009). An early version of the longitudinal image
processing framework was used to process the sequential scans (Reuter et al., 2012). We
used left hippocampal volume as our primary outcome measurement and included a
measurement of intracranial volume (ICV) as a covariate in all volumetric analyses, both of
which were defined in FreeSurfer (Desikan et al., 2006). Mixed model regression, described
below, was used to model annual change in brain volume. Neuroimaging data are not
available in the NACC dataset.

2.6 Statistical Analyses

All statistical analyses were performed in R (version 2.15.2; http://www.r-project.org/). Our
threshold for statistical significance was set a priori at a<0.05. In all analyses, covariates
consisted of age, sex, education, diagnostic status (normal cognition (NC), MCI, and AD),
and ICV (when applicable). Cross-sectional analyses were performed using baseline data
within a general linear model (R command glm). Longitudinal analyses were performed
using a mixed-effects regression model (R package nlme, R command Ime) with time
modeled as years from baseline for each participant (days from baseline/365.25). Main
effects of each CSF biomarker and the FSRP were performed first using separate models to
establish associations between our variables of interest and selected phenotypes.
Demographic characteristics were compared across diagnoses using one-way ANOVA, and
post-hoc paired comparisons were performed using an independent samples t-test correcting
for multiple comparisons.

2.6.1 FSRP x CSF Biomarker Levels on Hippocampal Volume—The baseline
hippocampal volume model included a term for the CSF biomarker of interest (one model
for AB-42, one model for total tau (t-tau), and one model for phosphorylated tau (p-tau)), a
term for FSRP score, and a biomarker x FSRP interaction term. The longitudinal
hippocampal volume model included identical terms but also included a 3-way biomarker x
FSRP x time interaction term (with all lower order terms included) to evaluate the
interaction effects on change in hippocampal volume over the follow-up period.

Post-hoc analyses evaluating 3-way diagnosis x FSRP x CSF biomarker interactions were
run at baseline and longitudinally to assess whether the observed interaction effects differed
between diagnostic categories. Additional sub-analyses were run evaluating interactions in
relation to each neuropsychological test that went into our composite measures of cognition,
and evaluating both Ap-42 and t-tau in the same statistical model.

2.6.2 FSRP x CSF Biomarker Levels on Cognitive Performance—The baseline
and longitudinal cognitive models included the same interaction and adjusting covariate
terms listed above. One model was run with memory performance (ADNI-MEM) set as the
outcome, and one model was run with executive function performance (ADNI-EF) set as the
outcome. The same post-hoc tests above were run.

2.6.3 NACC Replication: FSRP x Autopsy Measures of AD Pathology on
Cognitive Performance—In NACC, because we did not have baseline biomarker data,
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we evaluated the FSRP x neuropathology interactions in two ways to best approximate the
models tested in ADNI. First, we used a cross-sectional model leveraging cognitive data
from the final visit prior to death to replicate the cross-sectional study in the initial analyses.
Second, we used a longitudinal model leveraging all cognitive data points to evaluate
trajectories of cognitive performance prior to death. In the longitudinal model time was
modeled as years from death. The model also included age at final visit, sex, diagnosis at
final visit, and education. Composite measures of cognition (NACC-EF and NACC-MEM)
were set as quantitative outcomes in each statistical model.

Demographic data are presented in Table 1. In ADNI, AD participants differed as expected
compared to participants with normal cognition (NC) including a lower percentage of
females, lower education levels, enhanced AD biomarker levels, lower cognitive
performance levels, and smaller hippocampal volumes. In ADNI, stroke risk score was
lowest in MCI participants but did not differ between AD and NC. In NACC, the AD
participants had a lower percentage of females and showed lower cognitive performance
levels than NC and MCI participants, but AD and MCI participants tended to be younger
than NC participants. NC participants also tended to have slightly higher FSRP than MCI or
AD.

3.1 Main Effects of FSRP and AD Biomarkers

At baseline, CSF AB-42 (t(1115)=5.65, p<0.001) and CSF t-tau (t(1080)=-4.38, p<0.001)
were associated with hippocampal volume, while FSRP (p=0.084) and p-tau were not
associated (p=0.278). CSF Ap-42 (t(1236)=8.48, p<0.001), CSF t-tau (t(1201)=-3.82,
p<0.001), CSF p-tau (t(1232)=—4.92, p<0.001), and FSRP (t(1716)=-2.21, p=0.03) were
associated with baseline memory performance. Similarly, CSF AB-42 (t(1236)=7.15,
p<0.001), CSF t-tau (t(1201)=-6.53, p<0.001), CSF p-tau (t(1232)=-2.74, p=0.006), and
FSRP (t(1716)=-4.43, p<0.001) were all associated with baseline executive function
performance.

When evaluating longitudinal change, CSF AB-42 (t(2614)=9.34, p<0.001), CSF t-tau
(t(2544)=-8.28, p<0.001), and CSF p-tau (t(2609)=-8.44, p<0.001) were associated with
hippocampal atrophy, while FSRP was not (p=0.83). All variables of interest were
associated with faster memory decline, including CSF Ap-42 (t(6535)=11.43, p<0.001), CSF
t-tau (t(1201)=-10.57, p<0.001), CSF p-tau (1(6508)=-6.64, p<0.001), and FSRP (t(10628)=
-2.31, p=0.021). Additionally, AB-42 (t(6499)=11.60, p<0.001), t-tau (t(6416)=-9.79,
p<0.001), and p-tau (t(6472)=-7.30, p<0.001) were associated with faster decline in
executive function, but FSRP showed no association (p=0.90).

3.2 Interaction between FSRP and AD Biomarkers on Hippocampal Volume

In baseline analyses, there was a significant interaction between FSRP and AB-42 (1(1108)=
-2.81, p=0.005) on hippocampal volume in which the relation between stroke risk and

smaller hippocampal volume was strongest in individuals with lower brain amyloid burden
(higher CSF AB-42 levels; Figure 1). It should be noted that lower CSF AB-42 is indicative
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of higher brain amyloid burden (Jagust et al., 2009). In longitudinal analyses, there were no
significant interactions. Results are presented in Table 2.

3.3 Interaction between FSRP and AD Biomarkers on Cognition

In baseline analyses, there was a significant interaction effect between FSRP and AB-42
(t(1229)=-2.95, p=0.003) on memory performance whereby the relation between stroke risk
and worse cognitive performance was strongest in the presence of lower brain amyloid
burden (higher CSF AB-42 levels; Figure 1). However, the worst performance was observed
in those with both biomarker positivity and high stroke risk (Figure 2). There was also a
significant FSRP x AB-42 x diagnosis interaction (t(1223)=-2.06, p=0.024) by which the
interaction between stroke risk and AB-42 was strongest in MCI participants. There were no
significant interactions in relation to baseline executive function.

In longitudinal analyses, there was a significant interaction between FSRP x t-tau x interval
(t(6436)=2.38, p=0.017), and FSRP x p-tau X interval (t(6493)=2.08, p=0.038) on
longitudinal memory performance. In both cases, the relation between stroke risk and
worsening cognition was strongest in biomarker negative individuals (those with lower CSF
t-tau and p-tau). There was also a significant interaction between FSRP x AB-42 X interval
(t(6484)=-2.32, p=0.02) on executive function performance and between FSRP x t-tau x
interval (1(6401)=2.18, p=0.03) on executive function performance. There were no
significant diagnostic interactions. Results are presented in Table 2. Secondary sub-analyses
across each of the neuropsychological tests that went into the composite measures of
cognition are presented in Supplementary Table 1. Secondary analyses evaluating Ap-42 and
t-tau in the same statistical model are presented in Supplementary Table 2.

3.4 NACC Replication of FSRP x Biomarker Interaction on Neuropsychological
Performance using Autopsy Measures of Pathology

Replication results are presented in Table 2. FSRP was not cross-sectionally or
longitudinally related to memory or executive function performance in NACC. However, we
did observe a significant FSRP x diagnosis interaction in relation to executive function
performance prior to death (F(2,1113)=13.56, p<0.001) with a strong main effect of FSRP in
individuals with normal cognition, a weaker effect in MCI, and no effect in individuals with
AD.

In cross-sectional replication analyses leveraging cognitive data from the last visit before
death, FSRP interacted with amyloid positivity on memory performance (t(1113) = 2.21,
p=0.027) and executive function (t(1113) = 1.98, p=0.048), and interacted with tau positivity
on executive function (t(1113) = 2.27, p=0.024). The FSRP effect was again strongest in tau
negative participants and amyloid negative participants, replicating the ADNI finding
(Figure 3). There were no three-way interactions among pathology, diagnosis, and FSRP.

In longitudinal replication analyses, FSRP did not interact with amyloid positivity or tau
positivity in relation to trajectories of memory or executive function performance (p-
values>0.11). There were no diagnostic interactions present.
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4. Discussion

This paper sought to identify and describe interactions between stroke risk factors and AD
biomarkers in conferring risk for neurodegeneration and cognitive impairment. Our results
suggest that there may be a dynamic interplay between the AD pathological cascade and
vascular health whereby the level of risk for brain aging associated with vascular risk factors
depends in part on the presence or absence of AD pathology.

Stroke risk appears to be most related to brain aging in the absence of AD biomarkers.
Although this explanation is somewhat counterintuitive, we observed the effect consistently
across phenotypes in ADNI, and in the NACC replication sample. The stronger effect of
vascular risk in biomarker negative versus positive participants is illustrated in Figure 1 and
suggests that controlling stroke risk factors may be most important in individuals who are
otherwise at low risk for AD. Some previous work leveraging neuropathologic measures of
cerebrovascular disease and AD have demonstrated a comparable interaction whereby the
effect of cerebrovascular disease was strongest in those participants without AD pathology
(Chui et al., 2006). At the same time, we also observed a subtle additive effect at baseline in
which the smallest baseline brain volumes and poorest cognitive performances were
observed in individuals with high stroke risk and AD biomarker positivity (Figure 2). The
additive effect of AD and stroke risk factors is consistent with previous autopsy findings
suggesting an additive effect of cerebrovascular disease on cognition in the presence of AD
pathology (Schneider, Boyle, et al., 2007). Recent work leveraging white matter
hyperintensity and amyloid imaging data has shown a comparable additive effect of amyloid
and white-matter hyperintensities on conversion to AD (Provenzano et al., 2013). Our
findings therefore provide additional evidence that vascular risk and AD biomarkers are
independently associated with cognitive impairment, and that each may provide a “hit” that
ultimately contributes to the clinical manifestation of dementia.

Recent work by Villeneuve et al. (Villeneuve et al., 2014) leveraged a cohort with a wider
range of cerebrovascular disease than the participants included here. Their findings suggest
the association between stroke risk and parietal cortical thinning may be strongest in
amyloid positive participants. We, too, observed some indication of an interactive effect
whereby the most severe brain atrophy was observed in participants with both vascular risk
and amyloid positivity (Figure 2), but our results do not support the conclusion that vascular
risk is most predictive in biomarker positive individuals. Compared to the Villeneuve et al.
study, our work included a broader representation of the cognitive aging spectrum and a
more restricted range of vascular risk. Thus, it is possible that differences in sample
characteristics could explain the disparate findings between prior work and current results.
Additional methodological differences potentially underlying the discrepancy includes our
evaluation of biomarker levels as a continuous variable in our interaction models, the
inclusion of additional covariates (age, sex, education, and diagnosis), the focus on the
hippocampus rather than the parietal cortex, the inclusion of more participants in our
samples, and our assessment of both cross-sectional and longitudinal changes. Additional
work in community and memory clinic referral samples is needed to better understand the
dynamic interplay between vascular risk and AD biomarkers across the spectrum of
cognitive aging and dementia.
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Previous work in ADNI has suggested an independent contribution of cerebrovascular
disease (operationalized using white-matter hyperintensities) and CSF-based AD biomarkers
to cognitive impairment, however interactions were not assessed (Barnes et al., 2013).
Moreover, white-matter hyperintensities have been associated with decreased glucose
metabolism and decline in executive function in ADNI, but have shown no association with
AD biomarker levels (Lo et al., 2012). Again, interactions were not evaluated. Future work
focusing on the interactions between regional cerebrovascular disease (e.g., white-matter
hyperintensities, cerebral infarcts), and regional AD biomarker load using PET imaging may
clarify how vascular risk and injury interacts with AD biomarkers in conferring risk for
cognitive decline.

It is interesting that AD biomarkers showed a stronger relation than stroke risk to all the
brain aging outcomes (hippocampal volume, neuropsychological performance) in this
analysis, likely due to a selection bias in the ADNI and NACC cohorts. The ADNI
enrollment protocol excludes for overt cerebrovascular disease (Hachinski score<4), so the
presence of stroke risk and cerebrovascular pathology is likely underrepresented in this
population compared to community-based cohorts (Massoud et al., 1999). Despite this
limitation, we still observed an association between stroke risk and baseline executive
function, baseline memory performance, and longitudinal memory performance in ADNI. In
all cases, higher stroke risk levels were associated with worse cognitive performance,
consistent with previous findings (Brady et al., 2001; Jefferson et al., In Press; Seshadri et
al., 2004). Even in a population with a greatly reduced spectrum of cerebrovascular disease,
the contribution of adverse vascular health remains important to brain aging.

This manuscript has several strengths including the two independent samples that allowed us
to extend the observed in vivo interactions between stroke risk and AD biomarkers to ex vivo
interactions between vascular and AD pathologies. The inclusion of multiple brain aging
phenotypes also allowed for the evaluation of stroke risk and AD biomarkers in the context
of both cognition and neurodegeneration. However, this project is not without weaknesses.
There may be a bias toward low levels of cerebrovascular disease in the ADNI sample that
preclude generalizability to older adults in the population. Relatedly, we also observed
smaller effects of vascular health on cognition and brain volume than would be expected
from the literature (Elias et al., 2004).

In conclusion, this manuscript identified an interaction between stroke risk factors and AD
biomarkers in which the effect of one is strongest in the absence of the other. Future work
evaluating these factors in a representative population with more prevalent cerebrovascular
disease is warranted to improve the generalizability of the observed interaction effects.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. CSF AB-42 Interacts with Stroke Risk on Brain Aging
FSRP is along the x axis and AB-42 groups are split based on a previously identified cut

point (AB-42 positive < 192). In row A, baseline left hippocampal volume is along the y
axis. In row B, baseline memory performance is along the y axis. In row C, annual change in
memory performance is along the y axis.
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Figure 2. The Presence of High Stroke risk and AD Biomarker Positivity is related to Low
Hippocampal VVolumes and Memory Performance Scores at Baseline

CSFAB-42 group is along the x axis and groups are separated based on a median split of the
FSRP score. Error bars represent the 95% confidence intervals. In panel A, baseline
hippocampal volume is along the y axis. In panel B, baseline memory performance is along

the y axis.
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Figure 3. Fitted Plots Demonstrating Interaction between FSRP and Amyloid on Memory
Performance in ADNI and NACC

Graphs illustrate the predicted trajectories from the full regression model correcting for age,
sex, education, and diagnosis. Fitted models are for a male participant of average age and
average education level with MCI. FSRP is along the x axis. In panel A, annual change in
composite memory performance is along the Y-axis and groups are defined based on CSF
CSFAB-42 levels (AB-42 positive < 192). In panel B, composite memory performance at last
visit is along the Y-axis and groups are defined based on CERAD neuritic plaque score in
which no or sparse plaques are considered Amyloid Negative and moderate or frequent
plaques are considered Amyloid Positive. Shaded regions represent the 95% confidence
interval for the regression line.
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Baseline Clinical Diagnosis#

ADNI: Brain Volume Dataset F-Test

Normal Control  Mild Cognitive Impairment  Alzheimer's Disease
Sample Size, n 342 558 182 n/a
APQOE ¢4 Carriers, % 27% 49% 68% n/a
Females, % 53% 41% 46% n/a
Baseline Age, years 7446 7247 7448 F(2,1079)=7.31, p<0.001
Education, years 16+3 1643 1543 F(2,1079)=6.33, p=0.002
Visits, total 3+2 4+2 241 F(2,1079)=38.64, p<0.001
Stroke Risk Profile Score 13+4 12+4 1345 F(2,1079)=4.79, p=0.009
CSF Total Tau, pg/mL 67+30 91+56 131462 F(2,1079)=94.59, p< 0.001
CSF P-Tau, pg/mL 32+19 39422 52429 F(2,1074)=47.14, p< 0.001
CSF AB-42, pg/mL, 20052 172453 140+41 F(2,1079)=84.82, p< 0.001
Left Hippocampal VVolume 3698+436 3360+604 2883+540 F(2,1079)=133.99, p< 0.001
ADNI: Cognition Dataset
Sample Size, n 369 607 226 n/a
APQOE ¢4 Carriers, % 27% 49% 67% n/a
Females, % 53% 41% 42% n/a
Baseline Age, years 7446 7348 7548 F(2,1199)=8.98, p<0.001
Education, years 16+3 1643 1543 F(2,1199)=8.08, p<0.001
Visits, total 7+8 77 3+1 F(2,1199)=32.41, p<0.001
Stroke Risk Profile Score 13+4 12+4 1344 F(2,1199)=5.11, p=0.006
CSF Total Tau, pg/mL 68+32 91+56 127+62 F(2,1199)=96.24, p<0.001
CSF P-Tau, pg/mL 32+19 39422 51430 F(2,1194)=48.46, p<0.001
CSF AB-42, pg/mL, 200452 172453 140+39 F(2,1199)=99.38, p<0.001
Episodic Memory 0.94+0.51 0.19+0.592 -0.71#0.513 F(2,1199)=626.92, p<0.001
Executive Function 0.78+0.72 0.21+0.798 —-0.83+0.82 F(2,1199)=297, p<0.001
NACC: Cognition Replication Dataset
Sample Size, n 240 110 772 n/a
APOE ¢4 Carriers, % 14% 24% 44% n/a
Females, % 62% 46% 45% n/a
Age at Death, years 8619 83+9 83+9 F(2,1119)=9.01, p<0.001
Education, years 1543 15+3 15+3 F(2,1119)=2.17, p=0.114
Visits, total 2.84%1.55 2.07£1.276 2.66+1.493 F(2,1119)=10.19, p<0.001
Time to Death, years 1.47+1.13 2.06+1.544 1.82+1.377 F(2,1119)=8.92, p<0.001
Stroke Risk Profile Score 16+4 1545 15+4 F(2,1119)=11.03, p<0.001
Episodic Memory 0.17+0.165 0+0.197 —-0.26+0.177 F(2,1119)=579.53, p<0.001
Executive Function 0.08+0.736 -0.74+0.8 -1.52+0.903 F(2,1119)=325.26, p<0.001
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#Diaqnostic groups were defined according to the ADNI protocol. Normal Control participants had a Mini-Mental Status Examination (MMSE)
score between 24 and 30, a Clinical Dementia Rating (CDR) score of 0, and were not depressed (Geriatric Depression Scale score <6). Mild
Cognitive Impairment participants had a MMSE score between 24 and 30, objective memorv impairment, subjective memory impairment, and a
CDR score of 0.5. Alzheimer's Disease participants met clinical criteria for dementia, had an MMSE of between 20 and 26, and had CDR score of .
5orl
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