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Introduction: The National Institutes of Health (NIH) Toolbox Cognition Battery
(NIHTB-CB) was developed to be a common assessment metric across a broad array of
research studies. We investigated associations between NIHTB-CB and brain amyloid
and tau deposition in cognitively unimpaired older adults.

Methods: One hundred eighteen community-based volunteers completed magnetic
resonance imaging (MRI), Pittsburgh compound B (PiB)-PET (positron emission tomog-
raphy) and AV-1451-PET neuroimaging, a neuropsychological evaluation, NIHTB-CB,
and the Clinical Dementia Rating (CDR) scale. Demographically adjusted regression
models evaluated cognition-biomarker associations; standardized effect sizes allowed
comparison of association strength across measures.

Results: No NIHTB-CB measures were associated with amyloid deposition. NIHTB-CB
measures of fluid cognition, including Pattern Comparison Processing Speed, Dimen-
sional Change Card Sort, and Fluid Cognition Composite, were associated with tau
deposition in higher Braak regions. Pattern Comparison Processing Speed was the most
robust association with sensitivity analyses.

Discussion: NIHTB-CB tasks of processing speed and executive functions may be sensi-

tive to pathologic tau deposition on imaging in normal aging.
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The National Institutes of Health (NIH) Toolbox (NIHTB) was devel- “common metric” for use across a broad array of research studies.!

oped to assess neurologic and behavioral functions, in the domains of As part of the NIH Blueprint for Neuroscience Research initiative, its

cognition, sensation, movement, and emotion, providing an available development was commissioned by 16 NIH Institutes to provide brief,
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efficient, psychometrically sound, and accessible assessment measures
for research use. These goals included the use of nonproprietary
instruments, availability of both English and Spanish administration,
and suitability for measuring constructs across the lifespan (ages 3
to 85).12 Since its release in 2012, and migration to an iPad app-
administered format in 2016, adoption into research communities has
increased. There are currently 206 studies on ClinicalTrials.gov using
NIHTB, more than 260 peer-reviewed publications, and active transla-
tion efforts in multiple languages. Of note: There is now an annual fee
for the app subscription of approximately $500.00.

The National Institutes of Health (NIH) Toolbox Cognition Bat-
tery (NIHTB-CB) comprises seven primary tasks tapping sub-domains
of attention/executive functions, language, processing speed, working
memory, and episodic memory. Composite scores are computed for
(1) crystallized abilities, reflecting tasks of semantic knowledge, such
as vocabulary and word reading, thought to “hold” as relatively stable
abilities in aging and disease; and (2) fluid abilities, reflecting tasks of
novel problem solving, reasoning, processing speed, and memory, pro-
cesses more vulnerable to decline in aging and disease. In addition, a
total cognition composite is calculated. Previous work has shown good
reliability for tasks® and composites scores,* with intraclass correla-
tions for test-retest reliability ranging from .73 to .90. Construct valid-
ity for each task measure as well as composite scores has been eval-
uated and reported as metrics of convergent and divergent validity.
Values for convergent validity range from .50 to .92, similar to con-
struct validity for gold standard traditional neuropsychological (NP)
measures.2>-8 The NIHTB-CB is used increasingly in a multitude of
studies of behavioral and neurologic conditions across settings and
ages.”” 11 This includes several studies of aging and in the Alzheimer’s
disease (AD) spectrum of risk,1213 although the number is limited.
There are especially limited studies, to date, of utility and validity of the
NIHTB-CB in pre-symptomatic and early symptomatic AD, or in asso-
ciation with AD biomarkers.1* This is the case despite recognized need
for novel sensitive cognitive measures in this disease stage>1¢ when
AD pathologic change is present, including amyloid beta (Ag) and pos-
sibly tau deposition.1”

The goal of the present study was to begin to address the literature
gap by investigating associations between current NIHTB-CB mea-
sures and AD neuroimaging biomarkers of Ag and tau in older adults
without clinically significant cognitive impairment. In particular, the
need to identify cognitive measures with improved sensitivity to pre-
clinical AD for use in early screening and prevention trials has been dis-
cussed widely in the literature.18:1% |n this study, we also compared the
pattern and strength of AD biomarker associations with NIHTB-CB to

those with traditional pencil-and-paper NP tests.

1 | METHODS
1.1 | Participants

Three ongoing neuroimaging studies contributed data to these
analyses. The Monongahela-Youghiogheny Healthy Aging Team-

RESEARCH IN CONTEXT

1. Systematic review: The authors reviewed the literature
using traditional (eg, PubMed, Google Scholar) sources.
Although the National Institutes of Health (NIH) Tool-
box Cognition Battery (NIHTB-CB) is used increasingly
across different behavioral and neurologic conditions,
there were no identified studies of associations between
NIHTB and AD biomarkers amyloid beta (Ag) and tau
deposition in cognitively normal older adults. Several
studies have investigated other biomarkers (hippocampal
volume) and discrimination among clinical groups. These
relevant studies are appropriately cited.

2. Interpretation of results: Our exploratory findings sug-
gest that several measures of fluid cognition are asso-
ciated with tau deposition in cortical regions in cogni-
tively normal older adults. Pattern Comparison Process-
ing Speed was the most robust association.

3. Future directions: This initial report sets a benchmark
for further confirmatory studies with other cohorts. In
particular, larger cohorts may have increased power to
detect very small effects with Ap. Furthermore, inves-
tigating the utility of longitudinal change in NIHTB-CB
measures relative to change in biomarkers and to clinical

progression is an important future direction.

Neuroimaging (MYHAT-NI) study enrolls participants from the
population-based parent MYHAT cohort study of risk factors for
mild cognitive impairment in small towns southeast of Pittsburgh,
PA.2° The other two neuroimaging studies recruit from the Heart
Strategies Concentrating on Risk Evaluation (Heart SCORE) parent
study,2! a longitudinal study of cardiovascular disease risk and pre-
vention (neuroimaging studies Heart SCORE-A and Heart SCORE-B).
Inclusion criteria for all three studies were the same: age >65 and
current enrollment in the parent study. The same exclusion criteria
for all three studies included contraindication for magnetic resonance
imaging (MRI) and diagnosis of dementia. The MYHAT-NI cognitive
impairment criterion was stricter, excluding participants with Clinical
Dementia Rating (CDR)?2 sum-of-box score >1.0. Heart SCORE-A
further excluded participants with current substance-use disorder.

Participants were selected for the present analyses if (1) their
behavioral and imaging data were collected and processed as of Octo-
ber 15,2018; and (2) they were classified as cognitively unimpaired by
CDR global score = 0 (see below).

1.2 | Diagnostic methods

All three neuroimaging studies included a comprehensive NP eval-

uation and the interviewer-based CDR scale, capturing cognitively
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driven daily function in the home and community. Both Heart SCORE-
A and Heart SCORE-B studies used an identical NP test battery,
whereas MYHAT-NI used a similar battery assessing the same cogni-
tive domains (memory, language, visuospatial abilities, executive func-
tion, and attention) with some overlapping and some distinct tests
(see subsequent text). Both Heart SCORE-A and Heart SCORE-B stud-
ies adjudicated cognitive status via multi-disciplinary consensus con-
ference using published diagnostic criteria.2324 However, MYHAT-NI
operationalized cognitive status with the CDR. Therefore, we applied
the CDR as the common methodologic definition of cognitive status
across all three studies, defining CDR global score of 0 as cognitively
unimpaired (CU). Furthermore, using the CDR to operationalize cog-
nitive status allows for less-restricted test score range and potential
selection bias than using NP tests that are also dependent variables of
interest. Other studies have operationalized cognitive status with the
CDR.2526

NIHTB-CB tests were not a component of the cognitive diagnostic

process in all three neuroimaging studies.

1.3 | Cognitive assessments

NIH Toolbox Cognition Battery (version 1.17) was administered via
iPad to all participants by trained interviewers within 3 months of
PET imaging. Measures include Picture Vocabulary and Oral Reading
Recognition Tests, measuring language functions; Dimensional Change
Card Sort (DCCS) and Flanker Inhibitory Control and Attention Tests,
measuring executive functions and attention; List Sorting Working
Memory Test, measuring working memory; Picture Sequence Mem-
ory Test, measuring episodic memory; and Pattern Comparison Pro-
cessing Speed Test, measuring processing speed. Composite scores
include Crystallized Cognition (averaging Picture Vocabulary and Oral
Reading Recognition Tests), Fluid Cognition (averaging DCCS, Flanker,
List Sorting, Picture Sequence Memory, and Pattern Comparison Pro-
cessing Speed Tests), and Total Cognition (averaging all seven pri-
mary tests of Cognition) Composites.2” The supplemental measures,
immediate recall of the Rey Auditory Verbal Learning Test and Oral
Symbol-Digit Test, were not administered because of time and par-
ticipant burden constraints. Present analyses used uncorrected stan-
dard scores for individual tests and composite scores, since the age
range of the pooled sample exceeded age 85, which is the upper limit
of the demographically corrected standardized scores available from
the NIHTB. The uncorrected standard scores are standardized to the
NIHTB-CB nationally representative normative sample and are scaled
to a mean of 100 and standard deviation (SD) of 15 for interpretability
and comparability.28

Traditional NP tests in common among the three neuroimaging
studies include the Mini Mental State Exam (MMSE), Wechsler Mem-
ory Scale Revised (WMS-R) Logical Memory Story A immediate and
delayed recall, semantic fluency (animals), Trail Making Tests A & B,
and clock drawing.2%:30 Traditional NP test data were analyzed as raw
scores, with the exception of two standardized composite scores, a pro-
cessing speed composite (comprising Trail Making Tests and semantic
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fluency), and a global composite (comprising all seven traditional NP
variables), following published methods.3!

1.4 | Neuroimaging

Before the PET-imaging session, and for the purpose of anatomi-
cal region of interest (ROI) definition, a T1-weighted magnetization
prepared rapid gradient echo (MPRAGE) MRI scan was obtained for
each participant using a 3T Siemens PRISMA scanner. [18F]AV-1451
PET scanning was performed on a four-ring Siemens Biograph mCT
PET/CT scanner (22.1 cm field-of-view, reconstructed image resolution
~5 mm).[11C]PiB PET scans were performed on either a Siemens ECAT
Exact HR+ scanner (15.2 cm field-of-view, reconstructed image resolu-
tion ~6 mm) or the Siemens mCT PET/CT scanner.

[*1C]PiB (15 mCi nominal) or [18F]AV-1451 (7 to 10 mCi) were
administered as slow bolus injections via the antecubital vein. [11C]PiB
PET image data were collected over 50 to 70 minutes post-injection,
and [18F]AV-1451 PET imaging over 75 to 105 minutes. PET emission
data for both tracers were binned into sets of 5-minute time frames
spanning the acquisition duration. Scan sessions included acquisition
of a low-dose CT scan (mCT) or a 511 keV transmission scan (HR+,
using rotating ®8Ge/%8Ga rod sources) for attenuation and scatter cor-
rection. All scans were acquired in three-dimensional mode and recon-
structed via analytic methods (filtered backprojection [mCT] or direct
Fourier transform [HR+]) using the manufacturer’s software.

PET image data sets were inspected for interframe motion. If
required, framewise registration was performed using the image reg-
istration tool (PFUS) in PMOD version 3.709 software (PMOD Tech-
nologies, Zurich, Switzerland). For each tracer, a single frame image was
produced by summing frames over 50 to 70 minutes post-injection for
[11C]PiB32 and 80 to 100 minutes for AV-1451.33-35 For each subject,
the single-frame [11C]PiB and [18F]AV-1451 images were registered to
the corresponding T1 MR image using the normalized mutual informa-
tion algorithm implemented in PMOD software.

Each participant’'s MR image was parcellated into a set of ROls
using the default FreeSurfer 5.3 pipeline, with the exception of stri-
atal subregions. To produce a more finely detailed parcellation of
the striatum, components from the Imperial College London Clinical
Imaging Centre (CIC) atlas3¢ were substituted for the striatum of the
(FreeSurfer default) Desikan-Killiany atlas3” as described previously.38
All FreeSurfer ROls were visually inspected and manually edited where
appropriate.

The ROIs generated were used to sample radioactivity concentra-
tions in the summed PET images. Nine composite regional values were
generated for [11C]PiB PET scans (anterior cingulate, posterior cingu-
late, insula, superior frontal cortex, orbitofrontal cortex, lateral tempo-
ral cortex, parietal cortex, precuneus, and ventral striatum) by volume-
weighted averaging of standard FreeSurfer and CIC ROls. These nine
regions were selected to most closely align with the standardized amy-
loid imaging Centiloid ROI.3? A global [11C]PiB retention index was
computed by volume-weighted averaging of all nine composite PiB
regions. Three composite Braak regional values were generated for
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[18F]AV-1451 PET scans (Braak 1/2, Braak 3/4 , and Braak 5/6) from
a volume-weighted average of standard FreeSurfer ROls, as described
by Schéll et al.,*? except striatal subregions (accumbens, caudate, puta-
men, and pallidum) were not included in the Braak 5/6 region. Compos-
ite regional values were converted to standardized uptake value ratios
(SUVRs) by normalizing to FreeSurfer cerebellar gray matter activity.
[1C]PiB PET scans were classified as regionally PiB-negative or
PiB-positive using regional SUVR cutoffs determined by a previously
described sparse k-means clustering and resampling method applied to
62 cognitively normal controls.#! The regional [11C]PiB SUVR cutoffs
used were 1.47 for anterior cingulate, 1.50 for posterior cingulate, 1.30
for insula, 1.33 for superior frontal cortex, 1.39 for orbitofrontal cor-
tex, 1.28 for lateral temporal cortex, 1.34 for parietal cortex, 1.51 for
precuneus, and 1.37 for ventral striatum. Participants were classified
as regionally PiB-positive if any one composite region SUVR exceeded

the corresponding regional cutoff.

1.5 | Analysis

Descriptive statistics were computed for cognitive and demographic
variables and for PET predictors of interest ([11C]PiB and [*8F]AV-
1451 SUVR values). Multiple linear regression models were used to
assess the association between each cognitive outcome of interest and
predictors, adjusting for age, sex, race, and education; model assump-
tions were evaluated using residuals. Due to a high number of mod-
els, analyses were considered exploratory. Outliers of undue influ-
ence were evaluated by regression diagnostic indexes, including Cook’s
D > 1.0. Models with identified outliers were run excluding outliers in
sensitivity analyses (see Results). The standardized g coefficients from
each linear multiple regression model were interpreted as effect sizes
reflecting strength of association, with 95% confidence intervals (Cls)

providing information about statistical reliability.

2 | RESULTS

In the present analyses, n = 63 participants from the MYHAT-NI study,
n = 36 participants from Heart SCORE-A and n = 19 from Heart
SCORE-B studies contributed data, yielding a total combined sample
of n = 118. Table 1 shows demographic characteristics and mean cog-
nitive measures of the combined sample. Of note, about 25% of the
sample had only a high school diploma or fewer years of education.
About 18% were non-white, mostly African American. Supplemental
Table 1 shows demographic measures by each study. Heart SCORE-A
and Heart SCORE-B studies had a higher proportion of African Amer-
ican participants than MYHAT-NI, which had a higher mean age than
the Heart SCORE cohorts. The MYHAT-NI study had fewer partici-
pants with education level beyond college. These differences reflect
the demographic characteristics of the two parent studies.202! Of
note, despite differences in distributions, all demographic variables
were largely overlapping among the three neuroimaging studies (eg,
see age ranges, Supplemental Table 1).

TABLE 1 Demographic characteristics (mean, SD/n, %) and mean
(SD) cognitive measures for n = 118 cognitively unimpaired older
adults

Age (years) 76.29 (5.68),
range 65to 91
Sex
Male 50 (42.4%)
Female 68 (57.63%)
Race
White/Caucasian 97 (82.2%)
African American 19(16.1%)
Other 2 (1.6%)
Education
High school or L = less 30 (25.6%)
Some college 29 (24.8%)
4-year college 22 (18.8%)
Greater than college 36 (30.8%)
Traditional neuropsychological tests (raw scores)
MMSE (30 points) 28.3(1.5)
Logical Memory IR (Story A, 25 points) 14.16 (3.77)
Logical Memory DR (Story A, 25 points) 12.77 (3.82)
Semantic fluency (animals), # words per minute 19.62 (5.08)
Trail Making A, connections per second 0.76(0.24)
Trail Making B, connections per second 0.32(0.12)
Clock drawing (15 points) 14.23(0.88)
Processing speed composite score? (0 to 100) 56.11(16.75)
Global composite score (0 to 100) 66.69 (9.75)
NIH Toolbox Cognition, uncorrected standard scores
Total cognition composite 97.68 (9.38)
Fluid cognition composite 86.09 (10.26)
Crystallized cognition composite 111.28 (7.68)
Picture Vocabulary Test 112.7 (8.8)
Flanker Inhibitory Control and Attention Test 89.08(9.22)
List Sorting Working Memory Test 95.19(10.88)
Dimensional Change Card Sort Test 96.04 (7.37)
Pattern Comparison Processing Speed Test 80.63(14.62)
Picture Sequence Memory Test 93.32(11.94)
Oral Reading Recognition Test 109.08 (6.73)

Notes: NIH Toolbox Cognition Battery uncorrected standard scores have a
mean of 100 and SD of 15.

CDR = Clinical Dementia Rating scale; DR = delayed recall; IR = immediate
recall; MMSE = Mini Mental State Exam.

2Component measures = Trail Making Tests A and B, semantic fluency.
bComponent measures = all traditional NP tests.

Table 1 also shows mean cognitive measures in the combined sam-
ple. NIHTB-CB uncorrected standard scores were relatively lower for
fluid cognitive measures (eg, Fluid Cognition Composite, Pattern Com-
parisons, and Flanker Tests) compared to crystallized cognitive mea-

sures (eg, Crystallized Cognition Composite, Picture Vocabulary, and
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TABLE 2 Summary of PiB-PET and AV-1451-PET biomarkers, mean (SD), by regionally defined PiB status

PiB-negative

(n=84)
Global PiB SUVR 1.12(0.05)
AV-1451 SUVR Braak 1/2 1.15(0.11)
AV-1451 SUVR Braak 3/4 1.11(0.07)
AV-1451 SUVR Braak 5/6 1.02(0.07)
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PiB-positive Total sample
(n=34) P (n=118)
1.58(0.33) <0.0001 1.25(0.27)
1.25(0.14) 0.001 1.18(0.13)
1.18(0.07) <0.0001 1.13(0.08)
1.07 (0.07) 0.0002 1.03(0.07)

Note: Participants were classified as regionally PiB-positive if at least one of nine composite regions exceeded the corresponding regional cutoff, including
anterior cingulate, posterior cingulate, insula, superior frontal cortex, orbitofrontal cortex, lateral temporal cortex, parietal cortex, precuneus, and ventral

striatum. (See Methods for details and SUVR cutoff values.)

TABLE 3 Standardized regression estimates reflecting association effect size between NIHTB-CB tests and PET biomarkers

Global PiB SUVR
0.07[-0.08, 0.24]
0.01[-0.16,0.19]
0.21[-0.02,0.28]
0.12[-0.02,0.26]
0.10[-0.08,0.27]
0.07 [-0.09, 0.24]

—0.11[-0.29,0.06]

]
]
]

Total cognition composite

Fluid cognition composite

Crystallized cognition composite

Picture Vocabulary Test

Flanker Inhibitory Control and Attention Test
List Sorting Working Memory Test
Dimensional Change Card Sort Test

Pattern Comparison Processing Speed Test —0.10[-0.28,0.08
—-0.07[-0.27,0.12

0.08[-0.07,0.26

Picture Sequence Memory Test

Oral Reading Recognition Test

AV-1451 SUVR

AV-1451 SUVR

AV-1451 SUVR

Braak 1/2 Braak 3/4 Braak 5/6
—-0.09[-0.24,0.06 -0.09[-0.24,0.07] —-0.13[-0.28,0.02]
—-0.10[-0.26,0.07 —0.14[-0.31,0.03] —-0.20[-0.37,-0.04]
-0.07[-0.21,0.08 0.01[-0.14,0.15] 0.01[-0.14,0.15]
-0.06[-0.21,0.09 0.02[-0.13,0.17] 0.03[-0.12,0.17]
—-0.05[-0.23,0.13] —-0.06[-0.25,0.12]

0.05[-0.12,0.22
—-0.03[-0.21,0.15
—-0.12[-0.30,0.07
—0.14[-0.32,0.04

]
]
]
]
-0.04[-0.21,0.14]
]
]
]
]
-0.06[-0.22,0.09]

0.01[-0.16,0.18]

-0.19[-0.37,-0.02]
—-0.25[-0.42, -0.07]

0.01[-0.17,0.19]
—-0.01[-0.17,0.15]

—0.06[-0.23,0.11]
—0.20[-0.38,-0.03]
—0.28[-0.46,-0.11]
—-0.02[-0.20,0.17]
—-0.01[-0.16,0.15]

Note: Standardized estimates are adjusted for age, sex, race, and education; standardized partial coefficients can be interpreted as the number of standard
deviations the outcome increases (cognitive measure) for every standard deviation increase in the predictor (PET measure), holding all other predictors
constant. Bolded estimates are those whose 95% CI does not contain zero, consistent with P <.05.

Oral Reading Tests), an expected pattern of normal cognitive aging
reflected in the non-age-adjusted standard scores.*243

Table 2 shows mean [11C]PiB and [18F]AV-1451 SUVR measures.
There was approximately 29% PiB (Ap) -positivity. [18F]AV-1451
retention, reflecting tau pathology, was higher in the PiB-positive
participants compared to PiB-negative in all combined Braak-defined
regions, reflecting a significant association between Ap and tau
deposition.

Table 3 presents associations between NIHTB-CB measures and
PET biomarkers, adjusted for age, sex, race, and education. The stan-
dardized regression estimates are effect sizes of association between
biomarkers and cognitive tests, holding covariates constant. The 95%
Cls are provided and estimates can be interpreted as statistically
significant at the P < .05 level if the 95% CIl does not include zero.
Results show that many of the association effects across cognitive
measures and PET biomarkers were close to zero. Exceptions to this
include Pattern Comparison Processing Speed Test, which showed
small but reliable associations with tau deposition in Braak regions
3/4 and Braak regions 5/6, such that higher tau predicted lower
performance (also see the Figure 1). Dimensional Change Card Sort
also showed small associations with tau in Braak regions 3 /4 and 5/6
reaching significance, as did Fluid Cognition Composite with Braak
region 5/6 only. None of the associations with global Ag deposition

were significant. Picture Sequence Memory Test showed the largest
association with tau in Braak 1/2 (entorhinal cortex/hippocampus)
compared to its association with Ag or with tau in other brain regions,
although the effect was not statistically reliable.

Table 4 shows associations between neuropsychological paper
and pencil measures and PET biomarkers, adjusted for age, sex, race,
and education. Effect sizes can be compared to those presented in
Table 3 with NIHTB-CB measures. Association effects were close to
zero across most tests and PET biomarkers and none were statistically

reliable.

2.1 | Sensitivity analyses

Three models with one potential outlier were identified for Braak 5/6
tau and Fluid Cognition Composite, Dimensional Change Card Sort,
and Pattern Comparison Processing Speed. Removing these observa-
tions in sensitivity analyses resulted in no change for Pattern Com-
parison Processing Speed, but smaller effects in the other two out-
comes which were no longer significant. Sensitivity analyses results
are presented in Supplemental Table 2; the influence of the outlier on
the Braak 5/6 tau-Pattern Comparison Processing Speed association
is illustrated in Supplemental Figure 2.
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TABLE 4 Standardized regression estimates reflecting association effect size between traditional neuropsychological tests and PET

biomarkers
AV-1451 SUVR AV-1451 SUVR AV-1451 SUVR
Global PiB SUVR Braak 1/2 Braak 3/4 Braak 5/6
MMSE —-0.03[-0.2,0.14] —-0.19[-0.36,-0.02] —-0.15[-0.32,0.02] —-0.14[-0.31,0.04]
Logical Memory IR —0.06[-0.23,0.12] —0.07[-0.26,0.11] —-0.01[-0.19,0.17] 0.02[-0.16,0.20]
Logical Memory DR 0.02[-0.16,0.20] —0.03[-0.23,0.16] 0.01[-0.17,0.20] 0.07[-0.12,0.25]
Semantic fluency —-0.07[-0.25,0.11] -0.1[-0.27,0.09] —0.08[-0.25,0.1] -0.01[-0.19,0.17]
Trail Making Test A 0.04[-0.15,0.22] 0.07[-0.12,0.26] 0.06[-0.13,0.24] -0.01[-0.19,0.18]
Trail Making Test B —0.005[-0.18,0.17] —0.06[-0.23,0.12] —0.07[-0.24,0.1] 0.01[-0.17,0.18]
Clock drawing 0.08[-0.11,0.27] —-0.09[-0.28,0.1] -0.01[-0.19,0.18] 0.05[-0.14,0.24]
Processing speed composite score? -0.02[-0.19,0.16] -0.04[-0.22,0.13] —-0.05[-0.22,0.12] —0.03[-0.20,0.15]
Global composite score® —-0.04[-0.22,0.13] —-0.09[-0.28,0.09] —0.06[-0.24,0.12] —-0.03[-0.21,0.15]

Note: Standardized estimates are adjusted for age, sex, race, and education; standardized partial coefficients can be interpreted as the number of SDs the
outcome increases (cognitive measure) for every SD increase in the predictor (PET measure), holding all other predictors constant. Bolded estimates are

those whose 95% Cl does not contain zero, consistent with P < .05.
DR = delayed recall; MMSE = Mini Mental State Exam.

2Component measures = Trail Making Tests A and B, semantic fluency.
bComponent measures = all NP tests listed in Table.

3 | DISCUSSION

The aim of this study was to investigate associations between NIH
Toolbox Cognition Battery and AD biomarkers Ag and tau PET in older
adults without cognitive symptoms. The importance of identifying
sensitive cognitive measures that can capture subtle deficits or decline
has been discussed within the context of preclinical AD staging: for
example, consistent with clinical Stage 2 in the National Institute on
Aging - Alzheimer’s Association (NIA-AA) research framework,** and
in the context of AD prevention trials, 14546

Present findings indicate small but reliable associations between

several fluid cognition measures of NIHTB-CB and tau deposition in

the brain, but not Ag deposition, in this cognitively unimpaired sample
of older adults. The most robust findings observed were associations
between Pattern Comparison Processing Speed and tau deposition
in higher Braak (ie, extra-medial temporal lobe) regions. These were
observed in the primary analysis and in sensitivity analyses excluding
a potential outlier. Dimensional Change Card Sort was also associated
with tau in higher Braak regions, as was the Fluid Cognition Com-
posite score; however, these associations were influenced by a few
extreme observations of tau in the Braak 5/6 region, so they must be
interpreted with caution. By comparison with associations between
traditional paper-and-pencil NP tests and AD biomarkers, reliable

NIHTB-CB effect sizes were larger.
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Generally, the associations of an AD biomarker with fluid cognitive
tasks is consistent with the cognitive aging literature, showing that
fluid cognition declines with age, and likely latent aging-associated
pathophysiology, whereas crystallized cognition remains stable across
the lifespan.#”8 To date, there have been relatively few focused inves-
tigations of NIHTB-CB in the AD spectrum, including normal aging.
The battery was not designed for the goal of clinical diagnosis of AD
or MCI. In particular, only one task assesses episodic memory (Picture
Sequence Memory Test), which has no delayed recall component, a key
cognitive measure sensitive to and predictive of early AD.4%%0 Supple-
mental NIHTB-CB tests include immediate recall with the Rey Auditory
Verbal Learning Test. Including this supplemental measure, and with an
additional delayed recall condition, Hackett et al.13 reported that the
NIHTB-CB showed group discrimination among older adults with nor-
mal cognition, subjective cognitive decline, mild cognitive impairment
(MCI), and AD. Buckley et al.12 found that the NIHTB-CB discriminated
among subtle cognitive impairment and normal cognition in a small
sample of clinically normal older adults, although not with the sensi-
tivity of another computerized battery, the Cogstate C3 Learning and
Memory composite, in a head-to-head comparison. To our knowledge,
there have been even fewer investigations of NIHTB and AD biomark-
ers. A study examining hippocampal volume in 93 self-reported unim-
paired older volunteers found associations with the Fluid Cognition
composite.1* Of interest, among individual tests, the strongest predic-
tor of hippocampal volume was the Pattern Comparison Processing
Speed. Present results are also strongest for this test in its association
with tau deposition, albeit in brain regions outside the hippocampus.

Although most studies of novel computerized tasks sensitive to pre-
clinical AD focus on memory and associative learning paradigms,¢:18
there is a smaller but longstanding literature on computerized mea-
sures of reaction time, processing speed, and attentional control.”1->3
More recently, Kochan et al.>* reported that both simple and choice
reaction time predicted time-to-dementia, AD being the predominant
etiology, over 4 years in a large population-based study. Regarding
Ap and tau imaging, Mishra et al.>®> found that computerized tasks
of attentional control were moderately correlated with a summary
measure of [18FJAV-1451 retention in cognitively normal older
adults, with comparable association effect size as episodic memory.
More broadly, meta-analytic studies of Ap-cognition relationships
in unimpaired older adults indicate very small-to-small associations
with processing speed®® and executive function domains.5¢57 These
biomarker meta-analyses are consistent with the literature showing
that, in addition to episodic memory impairment, preclinical deficits in
executive functioning and perceptual speed predict future progression
to AD.>®

With regard to differential associations with cognition between Ap
and tau pathologies, the latter is more proximally related to neurode-
generation and cognitive impairment in the theoretical AD biomarker
model®? across the disease spectrum, and this is empirically supported
by postmortem studies.®® Among cognitively unimpaired individuals,
however, the extant literature of cross-sectional studies is mixed. In a
large multi-cohort data set of 907 participants ages 40 and older, most
traditional neuropsychological tests were associated with Ag status

Disease Monitoring

and none with tau, regardless of biomarker method (cerebrospinal fluid
[CSF] or PET).6% In contrast, an earlier smaller CSF study showed that
both total-tau and phosphorylated-tau were associated with episodic
memory, whereas A was not associated with any cognitive domain
performance.t2 Rentz et al.®3 recently reported that both inferotem-
poral tau and global Ap imaging predicted MMSE scores in models con-
trolling for verbal 1Q (a proxy for cognitive reserve). It is clear from the
past 10 to 15 years of amyloid imaging research that cross-sectional
Ap-cognition association effect sizes in cognitively unimpaired cohorts
are small and require power for detection, relative to larger effects of
association with longitudinal cognitive change.>®

The present analyses were limited in that data were combined
from three separate studies, with some minor differences in exclu-
sion criteria, as well as in traditional NP test batteries. As a result,
there was no episodic list-learning memory test in common as a tra-
ditional comparison measure, which may have been more sensitive to
Ap or tau biomarkers in this cohort. A strength of this study is that
the combined study samples have a somewhat higher proportion of
under-represented minorities than do typical AD biomarker studies, as
well as a more broadly representative distribution of education.64:65
Because this study was exploratory in nature, replication and confir-
mation of findings is needed. Future research might also include tra-
ditional NP tests with closer methodologic correspondence to NIHTB-
CB tests (eg, Ruff 2 & 7 Test®® as an analog to the Flanker Test; Peabody
Picture Vocabulary Test®” as an analog for Picture Vocabulary), to
more meaningfully compare tests of the same construct against AD
biomarkers.

In summary, in this initial report characterizing NIHTB-CB relation-
ships to AD PET biomarkers, several measures of fluid cognition were
associated with brain tau deposition in older adults without demen-
tia. One measure, Pattern Comparison Processing Speed, was robust
to outlier sensitivity analyses and was associated with cortical tau
deposition in cognitively normal older adults. Future efforts, including
the ongoing multi-site ARMADA (Advancing Reliable Measurement in
Alzheimer’s Disease and Cognitive Aging) study will address broader
questions of the utility of NIHTB measures in aging and AD, including
longitudinal change across the disease spectrum, increasing the nor-
mative age range above age 85 in English and Spanish versions, and val-
idating new tasks. This large-scale effort is anticipated to be completed
in 2022.
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