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Abstract

Background—Inexpensive, non-invasive tools for assessing Alzheimer-type pathophysiologies
are needed. Computerized cognitive assessments are prime candidates.

Methods—Cognitively normal participants, aged 51-71, with MRI, FDG-PET, amyloid PET,
CogsState computerized cognitive assessment, and standard neuropsychological tests were
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included. We first examined the association between the CogState battery and neuroimaging
measures. We then compared that association to the one between standard neuropsychological z-
scores and neuroimaging.

Results—Slower reaction times for CogState Identification and One Back, and lower memory
and attention z-scores, were associated (P<.05) with FDG-PET hypometabolism. Slower time on
the Groton Maze Learning Task and worse One Card Learning accuracy were associated (P<.05)
with smaller hippocampal volumes. There were no associations with amyloid PET. Associations
of CogState and neuropsychological z-scores with neuroimaging were small and of a similar
magnitude.

Conclusions—CogState subtests were cross-sectionally comparable to standard
neuropsychological tests in their relatively weak associations with neurodegeneration imaging
markers.

Keywords

Preclinical Alzheimer's disease; Neuropsychology; Computerized cognitive battery;
Neuroimaging; Amyloid-beta; Hippocampal volume

1. Introduction

Evidence of amyloid (cerebrospinal fluid (CSF) amyloid-beta or amyloid imaging) and
neurodegeneration (CSF tau, hippocampal volume, or FDG-PET hypometabolism) are the
defining components of the preclinical stages of Alzheimer's disease (AD) [1].
Psychometrically evident, subtle changes in cognition are proposed to occur later in the pre-
clinical phase of AD (i.e., in stage 3) and have a stronger correlation with neurodegeneration
compared to amyloid. Inexpensive, non-invasive tools for identifying the early stages of the
Alzheimer-type pathophysiologic process, and subtle cognitive changes, are needed.
Computerized tests may have logistic and cost advantages over standard pencil-and-paper
tests. The aim of the present study was to examine the cross-sectional association between
the CogState computerized cognitive battery and neuroimaging measures of amyloid PET
and neurodegeneration (hippocampal volume and FDG-PET) in cognitively normal
individuals, aged 51-71, enrolled in the population-based Mayo Clinic Study of Aging. We
then compared the cross-sectional relationship between CogState and neuroimaging to that
between standard neuropsychological global- and domain-specific z-scores and
neuroimaging.

2. Methods

2.1. Participants

The Mayo Clinic Study of Aging (MCSA\) is a population-based study of cognitive aging
among Olmsted County, MN, residents that began in October 2004, and initially enrolled
individuals aged 70 to 89 years. The details of the study design and sampling procedures
have been previously published [2]. Given the importance of understanding risk factors and
the development and progression of AD pathophysiology in middle-age, we expanded the
study to also enroll a population-based sample of individuals aged 50-69 using the same
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stratified random sampling methodology as in the original cohort. The Olmsted County
population, aged 50-69 (n = 31,502), was sampled by 5-year age groups and sex on
November 1, 2011. Of the 948 participants who enrolled in the study the first year, the
present study includes 324 who were cognitively normal, completed a cognitive assessment
(CogState computerized battery and standard pencil and paper battery) and also had a MRI
within 5 months of the visit. Of the 324 individuals, 261 (81%) consented to additional
amyloid imaging (PiB-PET) and 259 (80%) to FDG-PET. There were no demographic or
cognitive differences between those who did and did not consent to PET imaging.

2.2. Standard protocol approvals, registrations, and patient consents

The study protocols were approved by the Mayo Clinic and Olmsted Medical Center
Institutional Review Boards. All participants provided written informed consent to
participate in the study and in the imaging protocols.

2.3. Participant assessment

Study visits included a neurologic evaluation by a physician, an interview by a study
coordinator, and neuropsychological testing administered by a psychometrist [2]. The
physician examination included a medical history review, a complete neurological
examination, and administration of the Short Test of Mental Status [3] and the Unified
Parkinson's Disease Rating Scale [4]. The study coordinator interview included questions
about memory to both the participant and an informant using the Clinical Dementia Rating
scale [5]. A psychometrist administered a neuropsychological battery that included nine tests
covering four domains: 1) memory (Auditory Verbal Learning Test Delayed Recall Trial
[6], Wechsler Memory Scale-Revised Logical Memory & Visual Reproduction I1) [7]; 2)
language (Boston Naming Test [8] and Category Fluency) [9]; 3) executive function (Trail
Making Test (TMT) B [10] and WAIS-R Digit Symbol subtest) [11]; and 4) visuospatial
skills (WAIS-R Picture Completion and Block Design subtests) [11].

2.3. CogState computerized battery

Several computerized batteries are available, with advantages and limitations for each. We
chose to include the CogState battery in the MCSA because it is brief (20 minutes); requires
minimal administrative oversight and has a web-based platform; is easy to understand, even
for non-English speakers and people with little computer experience (e.g., [12-14]); has
minimal practice effects after initial familiarization (e.g., [13,15,16]); does not have ceiling
or floor effects; and has good test-retest reliability (e.g., [13,15,16]). However, some
limitations should be noted. For example, the card tasks have relatively low face validity as
they are game-like and remote from traditional neuropsychological tests [17]). Further, the
four card tasks primarily load on only two factors — “learning efficiency” and “problem
solving” [18,19].

The administration of the CogState computerized cognitive battery was overseen by the
study coordinator and included four card tasks and the Groton Maze Learning Test (GMLT),
which has previously been described in detail [13,18,20]. The four card tasks consisted of
the following tests (in this order):
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Detection (DET) task — a simple reaction time paradigm that measures psychomotor
speed. Reaction time was the primary outcome measure.

Identification (IDN) task — a choice reaction time paradigm that measures visual
attention. Reaction time was the primary outcome measure.

One Card Learning (OCL) task — a continuous visual recognition learning task that
assesses memory and attention. Reaction time and accuracy were the primary outcome
measures.

One Back (ONB) task- a task that assesses working memory and attention. Reaction
time and accuracy were the primary outcome measures.

The GMLT was given after the four card tasks and is a hidden pathway maze learning test
that measures problem solving, reasoning, recent memory, and executive function. The
primary outcome measures were the number of moves per second.

Criterion and construct validity for these tests have been reported [14]. For example,
performance on the Detect task correlated highly with the Grooved Pegboard Dominant
Hand (r = .81, P <.001) and TMT Part A (r = .70, P <.001). Performance on the
Identification task correlated highly with the Grooved Pegboard Dominant Hang (r = 0.53, P
<.01), TMT Parts A (r = .76, P <.001) and B (r = .78, P<.001), and Symbol Digit Modality
Test (r = .81, P <.01). The One Back task correlated highly with the TMT Parts A (r = .69, P
<.01) and B (r =.71, P <.01), Symbol Digit Modality Test (r = .81, P <.01), Spatial Span
Subtest [21] (r = .80, P <.01) and Benton Visual Memory Test (BVMT) (r = .54, P <.01).
The One Card Learning test most highly correlated with the Spatial Span Subtest (r = .69, P
<.01), BVMT (r = .83, P <.01), and Rey Complex Figure Test — Delayed Recall (r = .79, P
<.01).

2.5. Diagnostic Determination

The performance of a person in a particular cognitive domain on standard
neuropsychological testing (i.e., not CogState) was measured by comparing the person's
domain score with the score from age- and education-adjusted scores of cognitively normal
individuals previously obtained using Mayo's Older American Normative Studies (MOANS)
[22]. This approach relies on previous normative work and extensive experience with the
measurement of cognitive abilities of the population from which the study participants were
drawn. Subjects with scores of 1.0 SD or greater below the age-specific mean in the general
population were considered for a possible cognitive impairment. However, a final decision
to diagnose MCI was based on a consensus agreement between the interviewing nurse,
examining physician, and neuropsychologist, taking into account education, prior
occupation, visual or hearing deficits, and other information [2,23]. A diagnosis of dementia
was made according to the Diagnostic and Statistical Manual of Mental Disorders, 4t
Edition criteria [24]. Individuals not meeting criteria for MCI or dementia were deemed to
be cognitively normal.
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2.6. Amyloid PET methods

PET images were acquired using a PET/CT scanner (DRX, GE Healthcare). A CT image
was obtained for attenuation correction. The 11C PIB PET scan, consisting of four 5-minute
dynamic frames, was acquired from 40-60 minutes after injection. Image analysis was done
using our in-house fully automated image processing pipeline, which uses MRI to guide
PET region of interest (ROI) placement [25]. An amyloid PET standardized uptake value
ratio (SUVR) was formed by calculating the median uptake over voxels in the prefrontal,
orbitofrontal, parietal, temporal, anterior cingulate, and posterior cingulate/precuneus ROIs
for each subject and dividing this meta ROI by the median uptake over voxels in the
cerebellar gray matter ROI of the Automated Anatomical Labeling atlas [26].

2.7. FDG-PET methods

FDG-PET images were obtained on the same day one hour after the amyloid PET scan.
FDG-PET scans were analyzed using the pipeline described above [25]. The angular gyrus,
posterior cingulate, and inferior temporal cortical ROIs defined an “Alzheimer signature”
meta-ROI [27] which was normalized to the pons and vermis.

2.8. Structural MRI methods

All subjects underwent MR scanning at 3T with a standardized protocol that included a 3D-
MPRAGE sequence. Hippocampal volume was measured with FreeSurfer software [28,29].

2.9. Statistical methods

The present study is a cross-sectional study and can only determine associations, not
demonstrate cause and effect, so it is plausible to examine either variable as the outcome.
However, based on our knowledge of the underlying pathology and the disease process, we
hypothesize that changes in Alzheimer pathology, as quantified by neuroimaging biomarkers
(X), cause subsequent cognitive changes (), as measured by the computerized cognitive
battery or standard neuropsychological tests. Therefore, we evaluated how well the
neuroimaging measures predicted the cognitive measures. This analytic method also allowed
us to better compare the associations between the CogState and neuroimaging measures and
the standard neuropsychological tests and neuroimaging measures.

To characterize the relationship between imaging and CogState measures, we performed a
linear regression analysis treating the CogState measure as the dependent variable, the
imaging measure as the primary predictor, and including age, sex, and education as
covariates. As recommended, these covariates were included in the model because they were
considered potential confounders a priori and were not screened for significance. We
modeled the imaging variables using a restricted cubic spline with three knots because we
could not assume a linear relationship between imaging and CogsState, especially for
amyloid PET, which had few subjects with high levels. The knots were chosen based on the
distribution of the data. The knots for FDG were at 1.6, 1.8, and 2.0; the knots for HV were
7, 8, and 9 cm3; the knots for amyloid PET were at 1.3, 1.4, and 1.5. For models with
hippocampal volume, we included total intracranial volume (TIV) as a covariate.
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We created scatter plots of the CogState measure vs. the imaging measure and plotted the
estimated regression equation (the mean CogStage value as it varied over the imaging
values) for a 60 year old male with 16 years of education. Since we did not include
interactions, we made the assumption that the regression equation would be parallel, yet
shifted up or down depending on the levels of the adjustment variables (e.g., assuming men
vs. women or age 65 vs. 60). In each scatter plot we reported a P-value from a 2 d.f. test of a
model with vs. without the imaging variable. This can be interpreted as a global test of a
linear or non-linear association with CogState. Although amyloid PET was not modeled on
the log scale, in the scatter plots we used a log-transformed x-axis to avoid overemphasizing
the few high amyloid values. Given that our analyses were parametric in nature, we
transformed the CogState measures to achieve approximate conditionally normal
distributions. Reaction times tended to be skewed and were log;g transformed to make them
more normal. The arcsine of the square root of the accuracy scores was analyzed to make
proportions more normally distributed. These two translations are suggested by the test
developers and have been used in analyses of CogState data [13,16,18,20]. However, we
plotted the regression equation and confidence limits on the back-transformed scale. We did
this by simulating from the fitted model [30]. We applied the same regression analysis
approach for global and domain-specific z-scores and individual memory tests (based on
raw neuropsychological scores rather than MOANS-adjusted scores). For this analysis, we
used z-scores calculated from raw cognitive test scores. This is different from the MOANS-
adjusted scores used for diagnostic purposes. As CogState scores are not age-adjusted, we
chose to also use non-adjusted neuropsychological scores. A two-sided P-value < .05 was
considered statistically significant.

The characteristics of the (cognitively normal) participants are shown in Table 1. The
median age (Interquartile range [IQR]) was 64 (60, 67) years, 54% were men, and 25% were
APOE E4 carriers. There were no significant demographic or cognitive differences between
the 324 MCSA participants with neuroimaging vs. the 622 without (data not shown). The
median number of months between the cognitive tests and MRI was 2.3 months (IQR:
1.5-3.1). Of the 324 subjects with MRI, 261 (81%) had available amyloid imaging and 259
(80%) had FDG-PET.

3.1. Cogstate computerized tests and neuroimaging

Scatter plots and regression lines summarizing the associations between each of the
CogsState computerized tasks and FDG-PET, HV, and amyloid PET and are shown in Fig. 1.
After controlling for age, sex, and education, FDG-PET hypometabolism in the Alzheimer
signature meta-ROI was associated with slower reaction times for the CogState IDN (P =.
04) and ONB (P = .006) tasks. Smaller HVs were associated with fewer moves per second
(slower time) on the GMLT (P =.001) and poorer accuracy on the OCL (P = .02) after
controlling for age, sex, education, and TIV. There were no significant associations between
any CogState test and amyloid PET. We did not find evidence of interactions between
imaging measures and APOE E4 genotype in predicting CogState performance.
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3.2. Global- and domain-specific Z-scores and neuroimaging

Scatter plots and regression lines summarizing the associations between global and domain-
specific z-scores from standard neuropsychological tests and HV, amyloid PET, and FDG-
PET are shown in Fig. 2. Both global z-scores (P = .02) and memory z-scores (P = .001)
were associated with FDG-PET hypometabolism. However, the relationship was not linear
but rather inverse U-shaped. Global z-scores were also associated with HV (P =.02) in the
same inverse U-shaped manner. There were no significant associations between any of the
z-scores and amyloid PET. We did not observe interactions between APOE E4 genotype and
neuroimaging measures in predicting the cognitive z-scores.

Cross-sectional studies have previously shown associations between amyloid burden and
memory performance, and have suggested that some memory tests may be more sensitive
than others. Therefore, we further examined the individual tests comprising the memory
domain (Fig. 3). The AVLT delayed recall was not associated with any neuroimaging
measures. The WMS-R logical memory Il had an inverse U- shaped association with FDG-
PET (P =.03) and amyloid PET (P = .03). The WMS-R visual reproduction Il also had
significant inverse U-shaped associations with FDG-PET (P =.006) and HV (P =.001).

3.3. Independent Comparison of the CogState Computerized Battery versus Standard
Neuropsychological Measures with Neuroimaging

Although associations between neuroimaging and cognitive measures in this cohort were
generally weak, we compared the associations between CogState and neuroimaging and
between standard neuropsychological measures and neuroimaging. For each regression
model fit, we reported the increase in RZ upon adding the neuroimaging predictor to a model
with age, sex, and education (Table 2). We also reported the total R? for the full model for
comparison. For reference, the P-values are also shown in parentheses. The improvements in
R2 were small with values ranging from nearly 0 to .04, (i.e., neuroimaging predictors
accounted for up to an additional 4% of total variability after adjusting for age, sex, and
education). The improvements tended to be of a similar magnitude for the CogState tests,
neuropsychological test z-scores, and individual memory tests. The total RZ values were
higher for the neuropsychological test z-scores and individual memory tests compared to the
CogsState tests. This illustrates that the neuropsychological measures were influenced to a
greater extent by age, sex, and education compared to the CogState measures.

4. Discussion

In the present study, we examined the association between performance on the CogState
computerized cognitive battery and neuroimaging measures and compared it to the
association between standard neuropsychological tests and neuroimaging measures. We had
three main findings: 1) Overall, there was a weak cross-sectional association between either
CogsState or standard neuropsychological tests and neuroimaging; 2) CogState and standard
neuropsychological tests correlated more with neurodegenerative measures than amyloid;
and 3) CogsState variables explained approximately as much variance in the neuroimaging
measures as the standard neuropsychological battery. Thus, while CogState, which possesses
logistical advantages over standard neuropsychological testing, was comparable to
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neuropsychological testing for detecting associations with neurodegeneration, neither test
was particularly sensitive and cannot be used as cross-sectional predictors of imaging
pathology in cognitively normal middle-aged individuals.

Several studies have examined the cross-sectional relationship between standard
neuropsychological tests and neuroimaging or CSF measures of amyloid, the initial
pathological hallmark of AD, among cognitive normal individuals, with mixed results. A
recent meta-analysis reported statistically significant associations between amyloid burden
and episodic memory, but not with other memory (i.e., semantic) or cognitive domains [31].
However, the effect sizes were small and accounted for less than 2% of the total variance in
cognitive performance [31]. Notably, these studies primarily included participants aged 70
and older. In the present study of individuals aged 50-69, we also observed weak cross-
sectional associations between amyloid imaging and some, but not all, tests of memory (i.e.,
Wechsler Logical Memory paragraph recall, memory z-score, and CogState One Back).

In contrast to the lack of association with amyloid imaging, we found several more
significant associations between both the CogState tests and cognitive z-scores with markers
of neurodegeneration (e.g., hippocampal volume and FDG hypometabolism), even after
adjusting for age, sex, and education. Based on the current pathophysiological cascade for
pre-clinical AD [32-34], neurodegenerative markers are altered after the appearance of brain
amyloid and closer in time to the development of cognitive symptoms. Therefore, it is
reasonable that we are finding stronger cross-sectional associations with neurodegenerative
markers. In support of our findings, a recent study also reported that FDG-PET
hypometabolism and brain atrophy, but not amyloid, was cross-sectionally associated with
cognition [35]. While a focus of pre-clinical secondary prevention trials has been on
amyloid, identifying those who also have neurodegeneration would likely identify a
subgroup of individuals who will decline the fastest. This information would also be helpful
for determining who best to target for treatment purposes in the population.

Interestingly, we found several inverse U-shaped associations between amyloid or FDG-
PET neuroimaging and the standard neuropsychological battery. For example, there were
positive associations between most z-scores and memory tests up to PIB SUVR of 1.4, after
which there was a negative association. Thus, individuals at the lowest and highest PIB
SUVR values had similar cognitive performance. The explanation for this phenomenon is
currently unclear but previous studies of cognitively normal individuals counterintuitively
have reported better cognitive performance in those with high versus low amyloid [36,37].
Notably, however, associations of amyloid or FDG-PET and CogState tests generally
appeared to be more linear than U-shaped. The reasons for these different associations are
not well understood.

We and others have previously reported that APOE genotype may modify the association
between amyloid imaging and cognition among individuals aged 70 and older [38,39]. In the
present study of cognitively normal individuals aged 51 to 71 years, APOE genotype did not
modify the association between amyloid imaging and cognition. However, because we had
only a small number of individuals with high amyloid levels (i.e., SUVR > 1.5) in this age
group, it is possible we may not have had enough power to observe an association.
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When we compared the CogState computerized battery and standard neuropsychological
tests, using percent of explained variance of the models, the results were similar. As the
CogState tests take approximately 20-25 minutes to complete, do not require a trained
psychometrician, performance is not as influenced by age, sex, and education compared too
many standard neuropsychological tests, and could be taken online at home, CogState might
have significant advantages. The CogState tests do not appear to be cross-sectionally
associated with amyloid imaging, but this is not different from standard neuropsychological
tests. Previous studies have shown that tests from the CogState battery are sensitive to
cognitive impairment in mild AD and MCI compared with healthy controls and have little
practice effect in healthy adults [20,40]. The latter point is important for longitudinal
analyses of cognitive change and warrants future research to assess the longitudinal
associations between CogState and neuroimaging measures.

Some limitations of the study warrant consideration. First, the study is cross-sectional.
While previous cross-sectional studies suggested little association between amyloid and
cognition, longitudinal studies have shown that high brain amyloid can predict memory
decline in cognitively normal individuals [35,41,42]. Therefore, amyloid may be a better
predictor of memory decline. As we continue to accrue longitudinal follow-up, future
research will examine whether amyloid imaging predicts memory decline (using the
CogState computerized battery and the standardized neuropsychological battery) in the
MCSA. Second, the present study focused on neuroimaging biomarkers of amyloid and
neurodegenerative pathology, the major Alzheimer-type pathologies. However, other brain
changes, such as vascular pathology, also contribute to cognitive decline. Future research is
needed to assess the relationship between the CogState computerized battery and other brain
pathologies.
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DET detection

FDG-PET fluorodeoxyglucose-positron emission tomography
GMLT Groton Maze Learning Test
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HV hippocampal volume

IDN identification

IQR interquartile range

MCI mild cognitive impairment

MCSA Mayo Clinic Study of Aging

MOANSs Mayo's Older American Normative Studies

MRI magnetic resonance imaging

OCL One Card Learning

ONB One Back

PiB-PET Pittsburgh compound B-positron emission tomography

ROIls regions of interest

SUVR standardized update value ratio

TIV total intracranial value

WMS-R LM 11 Wechsler Memory Scale-Revised Logical Memory |1

WMS-RVR I Wechsler Memory Scale-Revised Visual Reproduction Il
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Research in context

Systematic review: We reviewed the literature in PubMed examining the
relationships between either computerized cognitive batteries or standard
neuropsychological testing with neuroimaging measures of Alzheimer disease
(AD) pathophysiologies. While studies have cross-sectionally examined the
relationships between standard neuropsychological tests and neuroimaging
measures, there has not been a comprehensive comparison of standard
neuropsychological measures to computerized batteries as indicators of AD-
related pathologies.

Interpretation: The results of our study suggest that the CogState tests
explained about as much variance in the neuroimaging measures as the standard
neuropsychological battery in middle-aged cognitively normal individuals.
However, while CogState was comparable to neuropsychological testing, neither
test was particularly sensitive and cannot be used cross-sectionally as predictors
of imaging. The ease of administration and shorter time required for the
CogState battery makes it advantageous for examining cognitive change in
longitudinal studies.

Future Directions: Continued follow-up of our cohort will help to determine
the longitudinal, predictive value of the CogState computerized tests for
neuroimaging changes in comparison to standard neuropsychological tests.
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Fig. 1.

Scatter plots and fitted regression lines for CogState measures vs. neuroimaging measures.
All regression models are adjusted for age, sex, and education. The HV models are also
adjusted for total intracranial volume (T1V). The regression lines summarize the fit for a 60
year old male with 16 years of education and, for hippocampus models only, a TIV of 1.4 L.
The P-values shown are based on a 2 d.f. test of the significance of the neuroimaging
variable. The associated R2 values can be found in Table 2.
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Fig. 2.

Scatter plots and fitted regression lines for z-score measures vs. neuroimaging measures. All
regression models are adjusted for age, sex, and education. The HV models are also adjusted
for total intracranial volume (TI1V). The regression lines summarize the fit for a 60 year old
male with 16 years of education and, for hippocampus models only, a TIV of 1.4 L. The P-
values shown are based on a 2 d.f. test of the significance of the neuroimaging variable. The
associated R2 values can be found in Table 2.
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Scatter plots and fitted regression lines for the three components of the memory z-score. All
regression models are adjusted for age, sex, and education. The HV models are also adjusted
for total intracranial volume (T1V). The regression lines summarize the fit for a 60 year old
male with 16 years of education and, for hippocampus models only, a TIV of 1.4 L. The P-
values shown are based on a 2 d.f. test of the significance of the neuroimaging variable. The
associated R2 values can be found in Table 2. AVLT DR = Auditory Verbal Learning Task,
Delayed Recall; WMS-R LM Il = Wechsler Memaory Scale-Revised Logical Memory II;

WMS-R VR Il = Wechsler Memory Scale-Revised Visual Reproduction I1.
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Table 1

Characteristics of participants with MRI and CogState measurements (n=324)

Characteristic Summary
Men, no. (%) 175 (54)
Age, median years (IQR) 64 (60, 67)
Education level, median years (IQR) 16 (13, 17)
Short Test of Mental Status, median (IQR) 36 (34, 37)
Auditory Verbal Learning Task (AVLT)

AVLT DR, median (IQR) 9(7,11)

AVLT sum of trials 1-5, median (IQR) 46 (40, 52)
Composite z-scores, median (IQR)

Global 1.33(0.77, 1.83)

Memory 1.18 (0.63, 1.76)

Attention 1.14(0.72, 1.66)

Language 0.86 (0.34, 1.44)

Visuospatial 0.97 (0.35, 1.50)
Months from the visit with baseline CogState and standard neuropsychological tests to the MRI

Median (IQR) 2.3(L5,3.1)

Min, Max 0.6, 4.6

Hippocampus

Volume median (IQR), cm?3 7.9(7.3,8.5)

Volume as % of TIV, median (IQR) 0.55% (0.51%, 0.59)%
Amyloid PET

Scan completed, n % 261 (81)

Number with SUVR > 1.5, % 19 (7)

Median (IQR), SUVR 1.30 (1.25, 1.35)

Range, SUVR 1.12t02.44
FDG-PET

Scan completed, n % 259 (80)

Median (IQR), SUVR 1.76 (1.66, 1.87)

Abbreviations: MRI, magnetic resonance imaging; IQR, interquartile range; AVLT, Auditory Verbal Learning Task; AVLT DR, Auditory Verbal
Learning Task delayed response; TIV, Total intracranial volume; PET, positron emission tomography; SUVR = Standard uptake value ratio; FDG-
PET, fluorodeoxyglucose-positron emission tomography
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Table 2

R2 for regression models. The first value shown is the improvement in R2 upon adding the neuroimaging
predictor to a model with age, sex, and education. The second value (following ;) is the total R? for the model

(P-value for the imaging predictor based on a 2 d.f. test). R can be interpreted as the proportion of variability
in the response accounted for by the regression model.

yduasnuel Joyny Yd-HIN

Response Variable FDG-PET HV Amyloid PET
CogState
Detection (DET) time 0.02;0.09(P=.07) 0.00;0.07(P=.45) 0.01;0.08(P=.28)
Identification (IDN) time 0.02;0.06 (P=.04) 0.00;0.04(P=.55 0.00:0.04 (P=.59)
One card learning (OCL) accuracy 0.02;0.10(P=.05) 0.01;0.08(P=.48) 0.02;0.03 (P=.09)
One card back (ONB) time 0.04;0.09 (P=.006) 0.02;0.07 (P=.09) 0.02;0.07 (P=.09)
GMLT moves per second 0.01;0.15(P=.38) 0.04;0.15(P=.001) 0.01;0.15(P=.35)
Z scores derived from neuropsychological test battery
Global 0.02;034(P=.02) 0.02;028(P=.02) 0.01;0.32(P=.07)
Memory 0.04;0.23(P=.001) 0.02;0.17 (P=.06) 0.02;0.20 (P =.06)
Attention 0.01;0.24(P=.20) 0.01;0.20(P=.16) 0.01;0.23 (P=.20)
Language 0.01;025(P=.24) 001;022(P=.06) 0.01;0.25(P=.22)
Visuospatial 0.01;0.16 (P=.16) 0.01;0.15(P=.09) 0.01;0.15 (P =.33)
Components of memory Z score
AVLT DR 0.02;0.21(P=.06) 0.03;0.19 (P=.36) 0.01;0.20 (P = .45)
WMS-R LM II 0.03;0.15(P=.03) 0.01;0.11(P=.45) 0.02;0.15 (P=.03)
WMS-R VR I 0.04;0.12 (P=.006) 0.04;0.11 (P=.001) 0.01;0.08 (P = .50)

Abbreviations: FDG-PET, fluorodeoxyglucose-positron emission tomography; HV, hippocampal volume; PET, positron emission tomography;
GMLT, Groton Maze Learning Test; AVLT DR, Auditory Verbal Learning Task delayed recall; WMS-R LM II, Wechsler Memory Scale-Revised
Logical Memory 1I; WMS-R VR Il, = Wechsler Memory Scale-Revised Visual Reproduction 1.
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