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Abstract

Importance—Age-related cognitive decline among older individuals with normal cognition is a
complex trait that potentially derives from processes of aging, inherited vulnerabilities,
environmental factors, and common latent diseases that can progress to cause dementia, viz,
Alzheimer’s disease (AD) and vascular brain injury (VBI).

Objective—Here we used CSF biomarkers to gain insight into this complex trait.

Design, Setting, Participants—Secondary analyses of an academic multicenter cross
sectional (n=315) and longitudinal (n=158) study of five neuropsychological tests (Immediate
Recall, Delayed Recall, Trails A, Trails B, Category Fluency) in cognitively normal individuals
aged 21 to 100 years.

Corresponding author: Dr. Thomas J. Montine, UW Medicine Pathology, Box 357470, Seattle, WA 98195-7470; Tel: (206) 543-1140;
Fax: (206) 543-3644; tmontine@uw.edu.
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Main Outcome Measure(s)—to investigate the association of these test results with age,
gender, level of education, inheritance of the 4 allele of the apolipoprotein E gene (APOE), and
cerebrospinal fluid (CSF) concentrations of Af4, and tau (biomarkers of AD) as well as Fo-
isoprostanes (IsoPs; measures of free radical injury).

Results—Age and education were broadly predictive of cross sectional cognitive performance:
of the genetic and CSF measures, only greater CSF F,-IsoP concentration was significantly
associated with poorer executive function (adjusted R2 up to 0.31). Longitudinal measures of
cognitive abilities, except Category Fluency, also were associated broadly with age; of the genetic
and CSF measures, only lower baseline CSF A4, concentration was associated with longitudinal
measures of immediate and delayed recall (marginal RZ up to 0.31).

Conclusions and Relevance—Our results suggest that age and level of education accounted
for a substantial minority of variance in cross sectional or longitudinal cognitive test performance
in this large group of cognitively normal adults. Latent AD and other diseases that produce free
radical injury, like VBI, accounted for a small amount of variation in cognitive test performance
across the adult human life span. Likely, additional genetic and environmental factors contribute
substantially to age-related cognitive decline.

INTRODUCTION

Cognitive function, especially declarative memory and executive function, decreases with
age in non-human primates! and humans, even in individuals who have not crossed the
clinical thresholds for Mild Cognitive Impairment (MCI) or dementia.2 This age-related
cognitive decline appears to be related to several factors such as events that occurred earlier
in life, which include the genetic complement inherited from parents, environment,
processes of aging, and latent disease. However, the extent to which these different factors
drive age-related cognitive decline remains unclear.

Observational studies using neuropathologic examination of adults who were cognitively
normal proximate to death suggest that latent Alzheimer’s disease (AD) and vascular brain
injury (VBI) are prevalent in those 65 years old and older.3-5 Accumulation of cerebral
amyloid by molecular neuroimaging and changes in cerebrospinal fluid (CSF)
concentrations of AB,4, and tau that are characteristic of individuals diagnosed with amnestic
MCI or AD dementia, also occur in a proportion of cognitively normal adults, raising the
possibility that some amount of age-related cognitive decline may be the result of the
earliest expression of AD.%-8 Similarly, if one assumes that white matter hyperintensities as
revealed by T2-weighted MRI are at least in part a consequence of uVBI,? then structural
neuroimaging further supports a possible role for uVBI in age-related cognitive decline.10
Finally, we and others have studied CSF F»-1soprostanes (IsoPs), biomarkers of oxidative
injury to the brain, and shown that these are characteristically elevated in research subjects
with MCI, AD dementia, and/or VVBI; these associations have been validated mechanistically
in animal models.11~14 In combination, these laboratory-based studies raise the possibility
that some, or perhaps even most, age-related cognitive decline is the earliest expression of
latent diseases of brain. This is an important point because, if true, it would suggest that
existing therapies to control risk factors for uVBI and hopefully soon to be developed
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disease-modifying therapies for AD could have a high impact on age-related cognitive
decline.

A focus of our AD Centers is developing CSF biomarker approaches to aid in the diagnosis
and management of patients with MCI and dementia. As part of these efforts, we have
obtained CSF samples from a large number of research subjects across the adult lifespan,
who were carefully evaluated to establish that they are cognitively healthy controls. Here we
used this valuable resource to examine the association between CSF biomarkers of AD or
oxidative injury and cognitive function in relation to aging, using cross-sectional and
longitudinal data.

METHODS

Recruitment of Subjects

Participants in this study were recruited between 2001 and 2009 from the University
Washington ADRC and collaborating ADCs, including University of California at San
Diego, Oregon Health & Science University, Indiana University, the University of
Pennsylvania, and the University of California at Davis. All procedures were approved by
the institutional review boards of each study site. All subjects were provided written
informed consent. Subjects underwent detailed neuropsychological testing, and clinical and
laboratory evaluations, and were classified as having no cognitive impairment, MCI, or
dementia based on standard research criteria as previously described.1® Clinical diagnosis
was made at consensus conference based on history provided by informants, neurological
examination, detailed neuropsychological test results, and laboratory studies (including
neuroimaging with MRI in the case of MCI or AD). Exclusion criteria were major
neurological diagnosis that may affect cognitive function such as stroke, Parkinson’s
disease, multiple sclerosis and history of moderate to severe head injury; major psychiatric
disorder such as schizophrenia, major affective disorder and post-traumatic stress disorder;
unstable major medical conditions, such as insulin-dependent diabetes; and using illegal
drug or stimulants. Subjects aged 45 years and older were asked to participate in a
longitudinal study with annual follow-up visits. Additionally, six younger subjects (ages 35,
38, 40, 41, and 43 years) had follow-up visits and were included in the longitudinal analyses.

CSF Biomarkers

CSF was obtained by lumbar puncture as previously described using 24-gauge sprotte
atraumatic spinal needles.1® All CSF samples were analyzed in a single laboratory! using
0.5 ml aliquots that had been stored in polypropylene cryotubes, frozen and maintained at
—-80° C, and never previously thawed. CSF was analyzed for AB,4, and total tau using
multiplexed Luminex reagents from InnoGenetics (Ghent, Belgium), according to
manufacturer’s instructions and as previously described.18 CSF F,-1soPs were quantified
using a stable isotope dilution assay with gas chromatography/mass spectrometry and
selective ion monitoring as described previously.1® APOE genotype was determined by a
restriction digest method.2% Assays were performed blind to clinical diagnosis.
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Statistical Analysis

We selected five neuropsychologic tests to examine multiple domains of cognition. The
Wechsler Memory Scale-Revised Logical Memory Immediate and Delayed paragraph recall
tasks measure verbal episodic memory;2! we used total score for immediate recall and
delayed recall (each with possible range 0-25). Category Fluency is a test of semantic
memory;22 we used total number of unique animals generated in one minute. Trail Making
Test, Parts A and B are timed tests of ability to adapt to shifting task demands. Time taken
to complete Part A (upper bound of 150 sec) is a measure of processing speed, and time
taken to complete Part B (upper bound of 300 sec) is a measure of executive function.23

Inclusion criteria for the cross-sectional investigation were (i) all subjects classified as
having no cognitive impairment at baseline evaluation, (ii) CSF at baseline that had assay
results for all three CSF biomarkers, and (iii) a full set of neuropsychological test scores at
baseline. The longitudinal investigation included subjects from the cross-sectional study
who had at least one follow-up visit at approximately 12 months with results for at least one
of the cognitive tests. The number of follow-up visits and time-span they encompassed
varied depending on the time of recruitment to the study and the subject’s age. The
longitudinal study sample was a subset of the cross-sectional study subjects, and
characteristics of each study sample are shown in Table 1. At each follow-up visit, history
obtained from the informants, clinical examination and neuropsychological test data were
reviewed to determine whether the cognitive status of the subject remained the same or
changed to MCI or dementia.

Linear regression models were used for assessing cross-sectional relationships between CSF
biomarker concentrations and coincident cognitive test performance. Raw scores were used
for each test, except logyg-transformed times for Trails A and Trails B to remove skewness.
In addition, we created a composite test score constructed by computing z-scores for each of
the five cognitive tests based on the baseline mean and standard deviation (z-scores for
logqg-transformed Tails A and Trails B were multiplied by -1) and then averaging them.
Regression models consisted of cognitive test performance as the dependent variable and
baseline CSF biomarker concentrations as predictors, along with the covariates baseline age,
gender, education, and APOE ¢4 status (no €4 alleles versus at least one €4 allele).

To assess association of baseline CSF biomarker concentrations with subsequent
longitudinal changes of cognitive test performance, we used linear mixed-effects models,24
with cognitive test performance as the dependent variable and time since baseline and
baseline CSF biomarker concentrations as predictors, along with the covariates baseline age,
gender, education, and APOE &4 status. The associations of baseline age and CSF biomarker
concentrations with change in cognitive performance were tested by including time-by-
baseline age and time-by-biomarker concentration interaction terms in the models. Marginal
RZs for the linear mixed-effects models were computed according to Nakagawa and
Schielzeth.2®

We performed several kinds of sensitivity analyses. For both the cross-sectional and
longitudinal analyses, we included the ratio of tau to AP, as a predictor (per Kronmal,28
both tau and AB,4, were kept in the models as main effects as well); and we also looked at
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models where AP, was dichotomized as < 192 pg/ml versus > 192 pg/ml, based on the
cutoff suggested by Shaw et al.2” Because the relationship between CSF biomarkers and
cognitive function may differ between older and younger people, we restricted all analyses
to those aged 60 and above. To understand the relationship between cognition and CSF
biomarkers that is related to normal aging, we looked at models where we excluded subjects
who subsequently converted to MCI, AD, or other dementias. For the longitudinal analyses,
we also used two-stage regression (least squares slope for each test in each individual over
time, then weighted regression model with slope as response variable and baseline test score
included as a predictor variable),28 where weights were based on subjects having different
numbers of follow-up visits at different times after baseline. Finally, to understand the role
of APOE genotype in cognitive decline, we examined APOE ¢4 gene dose-effect in the
cross-sectional analyses by coding APOE €4 genotype as follows: €2/ €2 = -2, €2/ €3 = -1,
€2/ e4=0,¢e3/e3=0, €3/ e4 =1, €4/ 4 = 2. In the longitudinal analysis, we expanded the
linear mixed effects model to allow for interaction effects between APOE ¢4 status and
biomarkers.

Correction for multiple comparisons taking into account six separate cognitive outcomes
(the five tests plus the composite test) was based on the method of Holm.2? Statistical
analyses were performed using R version 3.0.1;30 linear mixed effects models were fit using
the R package nime3! or Ime4.32

Baseline Demographics

Table 1 presents demographics, baseline CSF biomarker levels, and cognitive test scores for
the 315 eligible cognitively normal subjects in our cross-sectional analysis. Of these, 157 did
not have a follow-up visit (Table 1, column 2), while 158 had follow-up visits and were
subjects in our longitudinal analysis (Table 1, column 3). Subjects in the longitudinal
analysis had an average length of follow-up of 4.4 years and were about 10 years older on
average than those in the cross-sectional analysis. There were 4 subjects who completed
only one test session but had one or more clinical follow-up visits. Of the 162 subjects with
clinical follow-up, 14 (9%) subjects had converted to MCl, 7 (4%) to AD, 2 (1%) to
Dementia with Lewy bodies or Parkinson’s disease dementia, and 4 (2%) to another type of
cognitive impairment. eTable 1 presents baseline information stratified by final clinical
diagnosis, and eFigure 1 shows baseline test score versus age, stratified by final clinical
diagnosis. Subjects who converted to MCI, AD or other cognitive impairments were older at
baseline and had slightly longer duration of follow-up than those who remained cognitively
normal. As expected, subjects who converted to MCI or AD were more likely to be APOE
€4 carriers.

Cross-Sectional Analyses

Figure 1 presents results for the three CSF biomarkers from our 315 normal subjects vs. age
at baseline evaluation and stratified by final clinical diagnosis. We initially focused on
associations between these baseline CSF biomarker concentrations and baseline cognitive
abilities, including memory, in cognitively normal subjects. Table 2 shows the regression
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coefficients and p-values associated with demographic characteristics and baseline CSF
biomarker levels for each cognitive test in multivariable regression models. Model 1
includes only age, gender, years of education, and presence of the APOE &4 allele, whereas
Model 2 includes the previous variables as well as concentration of CSF APg4p, tau, and Fy-
IsoPs. Age was significantly (p < 0.05) associated with lower cognitive function for all
cognitive tests and models, and education was associated with higher cognitive function
except for Trails A. (Note that for Trails A and B, lower scores reflect better cognitive
function.) CSF F»-IsoP concentration was associated with lower cognitive function for
Trails A (p = 0.04), Trails B (p = 0.007), and the composite score (p = 0.02), and low AR,
concentrations were associated with lower cognitive function for Trails B (p = 0.048);
however after adjusting for multiple comparisons based on six different cognitive measures,
only the association between CSF Fo-1soPs and Trails B remained significant (Holm-
corrected p = 0.042; Figure 2 shows unadjusted Trails B scores versus F,-1soPs, along with
a fitted line and 95% confidence intervals for the line). Adding biomarkers to Model 1 did
not noticeably improve the adjusted R-squared for any of the cognitive tests. Phosphorylated
tau was highly correlated with total tau but did not provide additional predictability in any
model.

Longitudinal Analyses

Our next analysis focused on association between baseline CSF biomarker concentrations
and longitudinal change in cognitive performance. Table 3 shows the regression coefficients
and p-values associated with baseline age and CSF biomarker levels for a 10-year change
(i.e., slope coefficients are multiplied by 10) in each cognitive test based on linear mixed-
effects regression models. Model 1 includes only baseline age, gender, years of education,
presence of the APOE ¢4 allele, time (decades since baseline), and a time by baseline age
interaction term, whereas Model 2 includes the previous variables as well as concentration
of CSF A4, tau, and F»-1soPs at baseline, and time by biomarker interaction terms.
Baseline age was associated with declining cognitive function for all tests except Model 2 of
Trails A, Model 2 of Trails B, and Category Fluency. Low baseline CSF AB4, concentration
was associated with declining cognitive function for Immediate Recall (p = 0.004), Delayed
Recall (p = 0.001), and the composite score (p = 0.007), and all of these associations
remained significant after adjusting for multiple comparisons (Holm-corrected p-values: p =
0.024, p = 0.006, and p = 0.042, respectively). Also, baseline CSF tau was associated with
declining cognitive function for Immediate and Delayed Recall (p = 0.03 and p = 0.04,
respectively), but these associations did not remain significant after adjusting for multiple
comparisons. eFigure 2 shows spaghetti plots of test score versus time, stratified by final
clinical diagnosis, for all five tests. eFigure 3 shows spaghetti plots of test score versus time,
stratified by baseline A4, quartiles, for Immediate and Delayed Recall.

Sensitivity Analyses

Results were similar when the tau/AP4 ratio was added to the cross-sectional analysis
models (i.e., the ratio was not significant and did not affect the other associations), except
the Trails B association with low A4, became nominally non-significant (p = 0.34). When
the tau/AP4o ratio was added to the longitudinal analysis models, it was not significant for
any of the cognitive tests. When we modeled CSF A4 level as a dichotomous variable
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(low versus high) instead of as a continuous variable (Model 2 compared to Model 3 in
eTables 2 and 3), we observed in cross-section a significant association of low AB4, with
low composite score and with poor performance in Trails A (eTable 2). For the longitudinal
analyses, the association between low baseline CSF AP, concentration and declining
cognitive function for Immediate Recall became non-significant (eTable 3). When we
restricted analyses to subjects aged 60 and older, the cross-sectional associations of CSF F-
IsoP concentration with Trails A, Trails B, and the composite score were all attenuated to
non-significance (eTable 2). The relationship between baseline biomarkers and cognitive
trajectories essentially remained unchanged in this restricted group of older subjects (eTable
3). When we omitted subjects who converted to MCI, AD or other dementias or cognitive
impairments, our findings did not change in either the cross-sectional or longitudinal
analysis (Model 2 versus Model 4 in eTables 2 and 3). Results were similar for the
longitudinal analysis based on using two-stage regression with weights that account for
different numbers of follow-up visits at different times after baseline compared to the results
based on linear mixed effect models; however the associations between CSF tau and
Immediate and Delayed Recall were no longer nominally significant.

Finally, regarding the role of APOE genotype, coding APOE genotype as a dose instead of
APOE ¢4 status did not change the results for the cross-sectional analyses (eTable 4). For
the longitudinal analyses, when we expanded Model 2 (see Table 3) to allow for interaction
effects between APOE €4 status and biomarkers, none of these effects was significant except
for Trails A, for which there was a significant interaction between APOE &4 status and AP2
concentration. Low A4, concentration was associated with worse 10-year change in Trails
A for APOE g4+ subjects compared to APOE e4-subjects (difference in slopes for 10-year
change in log!0-transformed time (sec) for every 100 ng/ml decrease in AB4» = 0.1, standard
deviation of difference in slopes = 0.05, p = 0.01). However, this interaction effect did not
remain significant after controlling for multiple comparisons.

DISCUSSION

Cognitive decline occurs in older adults, even in those who do not cross clinical thresholds
to MCI or dementia, or though stages like Clinical Dementia Rating.33 Several processes
may contribute to age-related cognitive decline, including genetics, environment, and latent
disease. Using the resources of the large research CSF repository built among our
collaborating AD Centers, here we tested the hypothesis that age-related cognitive decline
could be accounted for in part by latent AD or oxidative injury to brain as detected by CSF
biomarkers. We tested our hypothesis in a cross sectional analysis of 315 adults who
underwent baseline lumbar puncture and neuropsychological testing, and a longitudinal
analysis of 158 of these same persons who had follow-up neuropsychological testing.

It is important to stress that our study focused on decline in cognitive abilities among
cognitively normal adults, not on progression to cognitive impairment or dementia as has
been investigated in previous studies using biomarkers for AD.15:34-36 Our cross sectional
analysis of 315 carefully characterized individuals from across the human adult life span
showed that age, gender, education, and APOE &4 status accounted for a small percentage of
the variability in cognitive performance on tests of immediate and delayed recall, executive
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function, and verbal fluency. Indeed, these four variables were strongest in accounting for
variability in our measure of executive function (adjusted R? = 0.31) and weakest for our
measure of immediate recall (adjusted R? = 0.08). What associations that did exist were
driven largely by age and education without significant contribution by gender or APOE.
Subsequent addition of the three CSF biomarkers to the model did not alter the adjusted R?
for any of the neuropsychological test results; however, after controlling for multiple
endpoints, we observed a novel finding that CSF F,-IsoP concentration was significantly
associated with tests of executive function in middle-aged and older adults.

We speculate that this association may derive from CSF F,-1soPs being a more sensitive but
less specific maker of age-related brain injury, and baseline executive function similarly
being a more sensitive but less specific index of age-related cognitive decline. Interestingly,
this association was diminished when analysis was restricted to those 60 years or older,
perhaps indicating the importance of mid-life free radical injury to brain similar, and
perhaps even mechanistically related, to the contribution of mid-life hypertension. The
influence of age may also explain in part why no significant association was observed
between CSF F,-1soPs and longitudinal executive function since the longitudinal group was
older on average.

We did not observe an association between CSF F,-1soPs and APOE &4 in cognitively
normal adults as suggested by others.3” Neither baseline CSF A4, nor tau concentration
was significantly associated with any of the five cognitive test results in cognitively normal
adults, similar to other smaller cross-sectional studies of cognitive function in older
individuals. 3839

Our analysis of longitudinal change in neuropsychological test performance in a subset of
158 individuals using linear mixed effects models showed that only a minority of change in
cognitive test performance was explained by models that used age, gender, education, APOE
&4 status, and a time by baseline age interaction term (marginal R? ranged from 0.21 to
0.31). Addition of CSF biomarkers to these models increased the marginal R2 very little;
however, after controlling for multiple endpoints, low CSF AB,4, was significantly
associated with cognitive decline in measures of both immediate and delayed recall. These
findings are similar to results of another study of 165 older adults with normal cognition
with or without subjective cognitive impairment.0

Overall, these results indicate that age, gender, educational level, and inheritance of APOE
€4 accounted for only a minority of variability on the five neuropsychological tests used.
These results highlight the need for deeper understanding of the genetic factors that
influence age-related cognitive decline and the likely important contributions of systemic
disease and environmental factors, such as nutrition, drug and alcohol abuse, and traumatic
brain injury, which were not captured in our study. Cognitive performance in aging may also
be influenced by lifestyle factors such as cognitive stimulation, physical exercise, and
socialization, which may contribute to cognitive reserve. To the extent that the variables
included in our study were significantly related to cognitive performance, age and education
were the dominant variables in cross section, while baseline test performance and age were
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the dominant variables longitudinally. One interpretation of these results is that they
reinforce the cognitive reserve hypothesis, similar to recent neuroimaging studies.*:

CSF biomarkers contributed little to the R2 measures of goodness-of-fit when included
along with age, gender, education, and APOE &4 status. Nevertheless, there were three
significant associations that withstood correction for multiple comparisons. These were an
association between CSF F»-1soP concentration and poorer performance on executive
function in cross section, and an association between low CSF A4, concentration and
longitudinal decline in immediate and delayed recall. The direction of these associations
deserves some comment. Our measure of executive function, Trails B, is measured in
seconds (up to 300 maximum) needed to complete the task; thus, a higher value indicates
poorer performance. In our cross sectional analysis, higher levels of oxidative injury to
brain, as measured by CSF F»-1soPs, were associated with poorer executive function, as
measured by longer time needed for Trails B (Figure 2). Interpretation of the association
between low CSF A4, and decline of immediate and delayed recall is more complicated.
Outside of autosomal dominant forms of AD, 4, current findings indicate that CSF A4,
concentration does not change much with aging until parenchymal AB4, deposition begins
and ultimately progresses to clinical expression as MCI and dementia.8 Our results showed a
negative correlation between decline in immediate and delayed recall and CSF A4, level,
suggesting that this association reflects the phase of declining CSF AB4» concentration and
parenchymal deposition with increased risk for near-term conversion to MCI or AD
dementia.1543

Age-related cognitive decline is a complex trait that potentially derives from the confluence
of multiple processes, including aging, environmental factors, inherited vulnerabilities, and
latent disease. Strengths of our work are that it is relatively large for a CSF biomarker-based
study, it used standardized data collection and central laboratory analysis, and subjects were
relatively healthy and selected to exclude factors that obviously may have a major effect on
cognition. Shortcomings of our work are that our neuropsychological test battery was
relatively limited, and we may have limited variance in cognitive function because of the
general healthiness of our group. Lack of statistically significant associations between CSF
biomarkers and baseline test scores and decline in test scores for most of the cognitive tests
could be due to issues related to statistical power, such as limited sample size especially in
the longitudinal samples, relatively short duration of follow-up, and relatively large within-
subject variability in the neuropsychological tests used. Future studies should consider
addressing these limitations. Regardless of these concerns, the fact that even when CSF
biomarkers showed statistical significance they contributed little to the R2 measures of
goodness-of-fit suggests the importance of other underlying factors for cognitive health not
captured by these CSF biomarkers.

With these strengths and weaknesses in mind, our analysis showed that CSF biomarkers of
free radical injury and early changes of AD accounted for a small amount of variability in
specific cognitive domains, and that age, education, and previous cognitive performance
were the predominant predictors of cognitive function in cross section or over time.
Importantly, our results also suggest that other factors not accounted for here contribute to
the majority of variance in cognitive function in older cognitively normal individuals. These
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factors may include other genetic factors, systemic disease, environmental factors, or white
matter dysfunction as suggested by some neuroimaging studies.*4-46
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Figure 1. Cross-sectional relationships between concentration of CSF AB4> (Panel A), tau (Panel
B), and F»-1soPs (Panel C) versus subject age at baseline for 315 cognitively normal subjects

Plotting symbols: orange open circle (0) = subjects with no clinical follow-up (n=153),
black open square (0) = subjects who remained cognitively normal (n=135), magenta
asterisk (x) = converted to MCI (n=14), blue solid triangle (&) = converted to AD (n=7), red
solid circle (®) = converted to other dementias or cognitive impairments (n=6). Solid line is
fitted least squares line unadjusted for any covariates; green dashed lines are 95%
confidence bounds for the line. A) ABy4; slope = -0.3, 95% CI = [-1.2, 0.6], r2 = 0.001, p =
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0.54. B) tau slope = 0.2, 95% CI = [0.1, 0.3], r2 = 0.06, p < 0.001. C) F,-IsoPs slope = 0.1,
95% CI = [0.04, 0.15], r2 = 0.04, p < 0.001.
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Figure 2. Cross-sectional relationship between Trail Making Test, Part B scores and
concentration of CSF F»-IsoPs at baseline for 315 cognitively normal subjects

Plotting symbols: orange open circle (0) = subjects with no clinical follow-up (n=153),
black open square (0) = subjects who remained cognitively normal (n=135), magenta
asterisk (x) = converted to MCI (n=14), blue solid triangle (&) = converted to AD (n=7), red
solid circle (®) = converted to other dementias or cognitive impairments (n=6). Solid line is
fitted least squares line for log? score unadjusted for any covariates; green dashed lines are
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95% confidence bounds for the line. Slope = 0.005, 95% CI = [0.003, 0.007], r2 = 0.06, p <
0.0001.
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Demographics and Baseline Biomarkers and Cognitive Test Scores for Control Subjects in Cross-Sectional
and Longitudinal Analyses

Subjects with No Follow-Up
(Cross-Sectional Only)

(N=157)2

Subjects with Follow-Up
for Longitudinal Analysis
(N =158)

Total Subjects for
Cross-Sectional Analysis
(N =315)

Age at Baseline (years)

47.7 (49) + 18.5 [21-88]

67.1 (68) + 11.3 [35-100]

57.4 (61) + 18.1 [21-100]

Male 77 (49%) 68 (43%) 145 (46%)
Caucasian 132 (84%) 149 (94%) 281 (89%)
APOE &4 allele(s) 60 (38%) 48 (30%) 108 (34%)

Education (years)

16.2 (16) + 2.5 [11-25]

16.1 (16) + 2.7 [10-27]

16.1 (16) £ 2.6 [10-27]

MMSE

29.2 (29) + 1.0 [26-30]

29.3 (30) % 1.0 [25-30]

29.3 (30) + 1.0 [25-30]

Number of Visits

1(1) 0 [1-1]

5.0 (5) + 2.2 [2-10]

3.0 (2)% 2.5 [1-10]

Length of Follow Up (Years)

0 (0) +0[0-0]

4.4(4.2) +2.3[0.3-9.5]

2.2 (0.3)% 2.8 [0-9.5]

CSF AB42 (pg/ml)

332 (328) + 142 [109-857]

326 (291) + 152 [61-820]

329 (309) + 147 [61-857]

CSF Tau (pg/ml)

47.3 (45.6) + 16.9 [17.5-101.1]

50.9 (49.3) + 14.9 [11.7-128.2]

49.1 (48.9) + 16.0 [11.7-128.2]

CSF Tau-P181 (pg/ml)

30.1(27.1) + 13.3 [7.0-117.3]

33.4 (31.5) + 11.8 [16.7-96.5]

31.8 (29.0) + 12.7 [7.0-117.3]

CSF F,-1soPs (pg/ml)

28.8 (28) + 8.6 [11-60]

30.6 (31) + 9.5 [11-65]

29.7 (28) £ 9.1 [11-65]

Immediate Recall

13.5 (14) + 4.1 [4-23]

12.9 (13) + 3.5 [4-21]

13.2 (13) + 3.8 [4-23]

Delayed Recall

12.6 (12) 4.1 [3-23]

11.6 (12) + 3.8 [1-23]

12.1 (12) + 4.0 [1-23]

Trail Making Test A (sec)

25.8 (24) + 11.1 [12-100]

29.3 (27.5) + 10.7 [11-81]¢

27.4 (25) + 11.0 [11-100]

Trail Making Test B (sec)

62.0 (55) % 29.6 [24-212]

73.8 (64) = 32.0 [18-240]C

67.7 (59) + 31.2 [18-240]

Category Fluency (Animal)

232 (23) + 6.0 [11-37]

22.6 (22) + 5.6 [11-40]C

22.9 (23) + 5.8 [11-40]

Composite Scoreb

0.13 (0.23) £ 0.74 [-1.72-1.77]

-0.14 (-0.08) + 0.71 [-1.88-1.55]C

0(0.04) 0.74 [-1.88-1.77]

Mean (Median) + SD [Range] for continuous variables; n (%) for categorical variables.

a . - . . .
Four of these subjects had one or more clinical follow-up visits but did not take the tests at these visits.

b . . . . .
Composite Score: The average of the z-score for Immediate Recall, the z-score for Delayed Recall, -1 times the z-score for Trail Making Test A,

-1 times the z score for Trail Making Test B, and the z-score for Category Fluency.

Missing Values: 6 subjects were missing longitudinal data for Trail Making Test A, Trail Making Test B, and Category Fluency (and thus missing
longitudinal data for the Composite Score) in the longitudinal analysis, thus their baseline scores are excluded from the statistical summaries in this

column for these cognitive tests.
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