Received: 18 May 2021 Revised: 8 July 2021

Accepted: 3 August 2021

Published online: 27 September 2021

DOI: 10.1002/dad2.12243

RESEARCH ARTICLE

Diagnosis, Assessment
Disease Monitoring

Unsupervised mobile cognitive testing for use in preclinical

Alzheimer’s disease

Kathryn V.Papp™? | AubrynSamaroo? | Hsiang-ChinChou? | Rachel Buckley’%3 |
OliviaR.Schneider?> | Stephanie Hsieh? | Daniel Soberanes® | Yakeel Quiroz? |
Michael Properzi> | AaronSchultz? | Ivan Garcia-Magariio*®> | Gad A.Marshall*? |
Jane G.Burke? | RayaKumar? | NoahSnyder? | KeithJohnson?¢ |

Dorene M.Rentz%? | ReisaA.Sperling®?> | RebeccaE. Amariglio’?

1 Center for Alzheimer Research and
Treatment, Department of Neurology,
Brigham and Women'’s Hospital, Harvard
Medical School, Boston, Massachusetts, USA

2 Department of Neurology, Massachusetts
General Hospital, Massachusetts General
Hospital, Harvard Medical School, Boston,
Massachusetts, USA

3 Melbourne School of Psychological Science,
University of Melbourne, Melbourne, Victoria,
Australia

4 Department of Software Engineering and
Artificial Intelligence, Complutense University
of Madrid, Madrid, Spain

5 Instituto de Tecnologia del Conocimiento,
UCM, Madrid, Spain

6 Department of Radiology, Massachusetts
General Hospital, Harvard Medical School,
Boston, Massachusetts, USA

Correspondence

Kathryn V. Papp, Center for Alzheimer’s
Research and Treatment, Department of
Neurology, Brigham and Women'’s Hospital,
Harvard Medical School, Hale Building, 60
Fenwood Rd., Boston, MA 02115, USA.
E-mail: kpapp@bwh.harvard.edu

1 | INTRODUCTION

The continuum of Alzheimer’s disease (AD) begins with pathologi-
cal changes in amyloid and tau followed by subtle cognitive changes
and subsequent clinical impairment.! Efforts to detect preclinical

AD (i.e., biomarker evidence of elevated amyloid/tau without clin-

Abstract

Introduction: Unsupervised digital cognitive testing is an appealing means to cap-
ture subtle cognitive decline in preclinical Alzheimer’s disease (AD). Here, we describe
development, feasibility, and validity of the Boston Remote Assessment for Neurocog-
nitive Health (BRANCH) against in-person cognitive testing and amyloid/tau burden.
Methods: BRANCH is web-based, self-guided, and assesses memory processes vulner-
able in AD. Clinically normal participants (n = 234; aged 50-89) completed BRANCH; a
subset underwent in-person cognitive testing and positron emission tomography imag-
ing. Mean accuracy across BRANCH tests (Categories, Face-Name-Occupation, Gro-
ceries, Signs) was calculated.

Results: BRANCH was feasible to complete on participants’ own devices (primar-
ily smartphones). Technical difficulties and invalid/unusable data were infrequent.
BRANCH psychometric properties were sound, including good retest reliability.
BRANCH was correlated with in-person cognitive testing (r=0.617, P < .001). Lower
BRANCH score was associated with greater amyloid (r = -0.205, P = .007) and entorhi-
nal tau (r=-0.178, P =.026).

Discussion: BRANCH reliably captures meaningful cognitive information remotely,
suggesting promise as a digital cognitive marker sensitive early in the AD trajectory.

KEYWORDS
digital biomarkers, mobile testing, preclinical Alzheimer’s disease, unsupervised assessment

ical impairment) have become increasingly urgent as interventions
shift to this earliest stage of disease with the hope of delaying
the onset of clinical impairment.2 However, the large sample size
and lengthy study durations needed to detect therapeutic benefit
in secondary prevention trials poses a significant barrier to rapid

progress.
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Mobile cognitive assessment may expedite the screening and track-
ing of participants for secondary prevention.? By allowing participants
to complete study assessments using their own electronic device, data
collection exponentially increases, improving clinical trial efficiency.
Interest in using digital and remote assessments is growing and mul-
tiple studies have demonstrated the feasibility and validity of com-
puterized assessments in supervised*-® and unsupervised settings’:
using personal devices.”10 Several of these assessments are designed
for specific symptomatic groups (e.g., for detection of mild cognitive
impairment [MCI])? or broad populations.®

A smaller subset of mobile assessments have been specifically
designed to capture subtle cognitive decline in preclinical AD.11-14
Decrements in episodic memory, particularly paired associative mem-
ory (i.e., integrating contextual information such as linking a face with

15

a name) as well as associative inference,’” are observed in preclinical

AD.16-18 Regions critical for associative memory such as the entorhinal

cortex and anterior hippocampus!?:20

are also early sites for phospho-
rylated tau neurofibrillary tangles.! Likewise, pattern separation (i.e.,
the ability to discriminate between previously learned items and those
that are perceptually similar?2) is an aspect of memory performance
reliant on the dentate gyrus and connections to the entorhinal cortex
and hippocampus.2® Finally, measures which facilitate learning using
semantic cues have been shown to be particularly useful in identifying
decrements in memory encoding in preclinical AD.242°> Digital cogni-
tive tasks that target cognitive processes that decline during preclinical
AD, such as the Boston Remote Assessment for Neurocognitive Health
(BRANCH), would be particularly relevant to prevention trials that
are seeking cognitive outcomes that can track putative therapeutic
benefit.

Here, we provide initial validation for BRANCH, a web-based cog-
nitive battery designed for unsupervised completion on a personal
electronic device (e.g., smartphone). Tasks were designed to challenge
the aforementioned memory processes in clinically normal (CN) older
adults. We designed an intuitive interface to facilitate unsupervised
testing and used stimuli relevant to everyday life (faces, groceries,
street signs). We deployed BRANCH to two groups of CN older adults:
(1) a registry sample without in-person contact to assess BRANCH fea-
sibility “in the wild” and an (2) observational sample to assess valid-
ity in relation to in-clinic traditional assessments and AD biomarkers.
If truly a valid cognitive measure, we expected lower BRANCH per-
formance to be associated with increasing age given well-known age-
related cognitive decline, even in the absence of neurodegenerative
disease.2® Additionally, we expected BRANCH performance to be cor-
related with traditional in-clinic cognitive assessments. Furthermore,
we expected those with higher AD pathologic burden (i.e., amyloid and
tau measured with biomarkers) to be associated with lower BRANCH
performance. In addition to testing the aforementioned hypotheses,
BRANCH reliability was assessed using a re-test paradigm in a subset
of registry participants. Finally, we examined the feasibility of BRANCH
in MCl participants in a separate well-characterized cohort, to ensure
BRANCH remained feasible for participants who progress to MCl over

the course of a secondary prevention trial.

RESEARCH IN CONTEXT

1. Systematic review: The authors searched the scientific
literature for digital cognitive assessments in preclini-
cal Alzheimer’s disease (AD). Unsupervised digital cogni-
tive testing on an individual’'s own device is an appealing
means to capture AD-related memory decrements and a
growing area of research.

2. Interpretation: Our findings indicate that Boston Remote
Assessment for Neurocognitive Health (BRANCH) is a
valid cognitive measure for preclinical AD; BRANCH
exhibited moderate correlations with traditional cogni-
tive tests and worse BRANCH performance was associ-
ated with greater global amyloid and entorhinal tau bur-
den on imaging.

3. Future directions: BRANCH reliably captures meaning-
ful cognitive information remotely, suggesting promise
as a digital cognitive marker sensitive early in the AD
trajectory. Future work will explore short-term learning
curves by capturing BRANCH more frequently, develop-
ing BRANCH for use in different languages, and incor-
porating additional metrics (e.g., subjective report, envi-
ronmental factors) to enrich and contextualize cognitive
data.

2 | METHODS

2.1 | Participants

The registry sample was recruited from two online local registries;
exclusion criteria included self-report of MCl/dementia and partic-
ipants were presumed CN by self-report. The observational sam-
ple included CN participants from the Harvard Aging Brain Study
(HABS; 2P01AG036694-11-Sperling, Johnson) and related studies
(1R01AG058825-01A-Amariglio, R0O1AG053184-Marshall).2” Obser-
vational participants underwent neuropsychological testing and neu-
roimaging described below. Study procedures were conducted in
accordance with human subjects’ protections and the study proto-
col was approved by the Mass General Brigham Institutional Review
Board. All participants underwent informed consent. Participants
from the observational sample were classified as CN by either study
entry criteria?® or via a multidisciplinary consensus meeting described
elsewhere.?? Briefly, study entry criteria included a Clinical Demen-
tia Rating (CDR) global score = 0 and normal education-adjusted per-
formance on the Mini-Mental State Examination (MMSE), and Logical
Memory Delayed Recall (LMDR). BRANCH was also administered in-
clinic to a separate group of MCl patients (described in Supp A in sup-

porting information).
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FIGURE 1 Schematic of Boston Remote Assessment for Neurocognitive Health (BRANCH) tasks.

2.2 | Platform

BRANCH initial piloting efforts are described in Supp A. BRANCH was
developed using a web-based platform, which met hospital data pri-
vacy and security requirements. BRANCH was sent to participants via
e-mail/text and can be completed on any web-enabled device (Fig-
ure 1). Accuracy serves as the primary outcome across tests; however,

exploratory analyses were complete on reaction time outcomes.

2.3 | BRANCH tasks and task rationale
Categories Test: Modeled on the Similarities task from Weschler Adult
Intelligence Scale and the Free and Cued Selective Reminding Test
(FCSRT),242> this measure uses a semantic-association paradigm to
facilitate encoding of a pictured pair of items belonging to the same
category (e.g., robin-eagle) among unrelated items (Figure 1). After
a delay, participants must identify the previously learned pair among
within-category distractors (e.g., peacock-crow), including category
prototypes, requiring specific versus gist-like episodic memory.
Face-Name-Occupation Test: This is a modified version of the

Face-Name Associative Memory Exam (FNAME)'20 incorporating
both face-name and face-occupation pairs. Participants are asked to
remember both a name and an occupation associated with faces. Each
pairing is presented serially such that each target face is seen twice
(once with a name; once with an occupation). After the learning phase,
an associative inference component3! assesses relational memory by
requiring the participant to correctly match names with occupations
without seeing faces, based oninferred associations from trained face-
name/occupation pairs. After a delay, the participant must identify the
correct face-name/occupation pair among counterbalanced distrac-
tors.

Groceries Test: This is an adapted paired associate learning test
combining a visual and numerical element.32 It differs from extant
associative learning tasks that are limited to verbal-only®® or artifi-
cial stimuli.®* Participants are asked to remember a price (ranging from
$1.09-$12.99, i.e., within approximately 15% of market value) paired
with a pictured grocery item. After a delay, participants must recognize
the correct price among counterbalanced incorrectly paired and par-
tially novel price/grocery distractor pairs. Participants then complete

an adapted pattern separation paradigm3> whereby they are required

to indicate whether a pictured grocery has been previously seen (equal
number of targets, lures, same-category foils).

Signs Test: The Signs Test is a visual memory task using a contin-
uous recognition paradigm.®¢-38 Street sign stimuli were selected to
(1) serve as a counter to the primarily verbal-based memory tests
which confer a female advantage,3? (2) mirror more clinically mean-
ingful functions (i.e., driving), and (3) be potentially more valid across
arange of educational backgrounds and minority groups.*° Stimuli are
learned based on serial and repeated exposures and performance is
determined by the participant’s ability to discriminate between previ-
ously learned versus novel street signs as they are provided with visual
and auditory feedback for incorrect responses.

BRANCH composite: The BRANCH composite included mean accu-

racy across: Categories, Face-Name-Occupation Inference, Face-

Name-Occupation Recognition, Groceries Price Recall, Groceries Pat-

tern Separation, and Signs.

24 |
validity

Post-BRANCH survey and criteria for data

After BRANCH, participants were surveyed regarding technical dif-
ficulties. Participants rated instruction clarity (yes/no), task difficulty
(very easy-very difficult; five options), and task engagement (not
engaging-highly engaging; five options) by task.

To determine the usability of BRANCH data, we implemented two
cutoffs, both of which were required for data to be usable. First, tasks
were considered complete if > 90% of items were completed. Second,
participants were required to exhibit > 66% accuracy on the learning
portion of the Categories test.

2.5 | Standard neuropsychological testing

Observational sample participants completed the Preclinical
Alzheimer Cognitive Composite (PACC-5),*142 which includes
two memory measures, LMDR and the FCSRT(/96); a measure of
global cognition, MMSE; a measure of processing speed, Digit Symbol
Substitution Test (DSST); and a language measure, category fluency
(CAT). Participants also completed measures of processing speed (Trail
Making Test A [TMTA]) and mental flexibility (TMTB).
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TABLE 1 Participant characteristics by sample
Registry
n 79
Race
Black 21.5%
White 70.9%
Asian 2.5%
Native American 0%
MMSE -
CDR- Global (0/0.5)
Age 67.2(10.00)
Range: 50-83
Sex (% female) 54.4%
Education (y) 16.2 (4.0)

Group differences
between registry and
observational

Observational
155

x> =5.13,P=.162
11.6%
84.5%
2.6%
0.6%

29.15(1.06)
Range:25-30

146/3

73.7 (10.63)
Range: 53-90

62.6%
16.7 (2.0)

t=6.06,P<.001

x> =126,P=.262
t=1.34,P=.183

Abbreviations: CDR, Clinical Dementia Rating; MMSE , Mini-Mental State Examination.

2.6 | AD biomarkers of amyloid and tau: positron
emission tomography data acquisition and analysis

Observational sample participants underwent positron emission
tomography (PET)? with 11CPittsburg Compound-B (PiB; n = 144) and
F18F|ortaucipir (FTP; n = 129) using previously published procedures*?
within 3 and 2 years of BRANCH administration, respectively. FTP
images were acquired from 75 to 105 minutes and PiB images were
acquired using a 60-minute dynamic acquisition on a Siemens ECAT
HR+ PET scanner. PET images were co-registered to corresponding
T1 images using FreeSurfer-based(vé) structural regions of interest
(ROIs) mapped into native PET space using SPM12. FTP was expressed
as a standardized uptake volume ratio (SUVR) and PiB as the distri-
bution volume ratio (DVR). The reference region was cerebellar gray
using an magnetic resonance imaging (MRI)-based method; FTP-PET
data were corrected for partial volume effects. For PiB, a global
cortical aggregate was calculated. For FTP, entorhinal cortex was used
because of its importance to memory and status as an early site of tau

deposition.

2.7 | Statistics

Statistical analyses were completed using R (v4.0.3). To determine the
feasibility of BRANCH, we examined rates of administration errors,
self-reported technical issues and task difficulty, and engagement in
the registry sample.

To characterize BRANCH psychometric properties, we computed
descriptive statistics for each BRANCH test accuracy score across both
samples. We expected accuracy measures to be approximately 70%
and that minimal floor or ceiling effects would be observed. One excep-
tion is the less challenging Categories test, for which we expected ceil-

ing effects.

Correlations were used to examine whether BRANCH captured
age-related memory decrements2® across registry and observational
samples. BRANCH retest reliability was assessed on re-testing among
a subset of participants. Pearson correlation coefficient with anr of 0.8
to 0.9 was considered “good” reliability.**

BRANCH

gent/discriminant validity in relation to traditional cognitive tests

Correlations were wused to examine conver-
in the observational sample. We expected composites (i.e., BRANCH,
PACC-5) to be more strongly correlated compared to individual tests.
Similarly, we expected traditional memory measures (LMDR, FCSRT)
to be more strongly correlated with memory-oriented BRANCH
tasks (convergent validity), whereas traditional processing speed
measures (TMTA) would be less correlated with BRANCH memory
measures (discriminant validity). Given the large number of compar-
isons for BRANCH measures versus traditional measures, statistical
significance was set at P < .001.

Regarding AD-biomarker validity, partial correlations controlling
for age were used to examine the relationship between BRANCH com-
posite performance and amyloid and entorhinal tau. Exploratory anal-
yses examined individual BRANCH measures.

Finally, we examined the feasibility of BRANCH in MClI patients by
quantifying the number of discontinuations and the presence of floor
effects (Supp A).

3 | RESULTS

3.1 | Participant characteristics

Demographics for registry (n = 79) participants and observational
(n = 155) participants are shown in Table 1. Registry participants were
slightly younger. Participant characteristics for the in-clinic sample
(n =22 MCI) are provided in supporting information.
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Self-report of difficulty completing 2.97%
Self-report of difficulty understanding instructions 2.97%
Self-report of technical difficulties 15.84%
Self-reported task difficulty

Very Somewhat Somewhat

difficult difficult Average easy Very easy
Categories 4% 40% 34% 16% 7%
Groceries 23% 45% 22% 7% 4%
Face-Name-Occupation 26% 50% 18% 4% 3%
Signs 6% 36% 41% 16% 2%
Self-reported task engagement

Not Alittle Somewhat Highly

engaging engaging Average engaging engaging
Categories 2% 3% 14% 24% 33%
Groceries 3% 11% 21% 37% 29%
Face-Name-Occupation 2% 7% 18% 41% 33%
Signs 3% 5% 24% 33% 36%

Note: percentages may not equal 100% because of rounding; registry sample (n = 78).

Abbreviation: BRANCH, Boston Remote Assessment for Neurocognitive Health.

3.2 | Task feasibility: registry sample

Seventy-one percent of participants used smartphones/tablets.
Remaining participants used a desktop/laptop. Rates of unusable data
(as defined above) were low at 3% suggesting good feasibility (few
task discontinuations). Rates of self-reported difficulty completing
the task (2.97%) and having difficulty understanding task instructions
(2.97%) were low (Table 2) further supporting feasibility. Self-reported
technical difficulties were higher (15.84%) with the most common
concern being finger tap response latency followed by slow-loading
task images.

Participants reported that the Face-Name-Occupation and Gro-
ceries tasks were the most challenging tasks while Categories was
least challenging (Table 2). Most participants found the tasks engag-
ing (Table 2) suggesting good acceptability. Comparable feasibility
data for the observational group was observed (Supp B in supporting

information).

3.3 | BRANCH descriptive statistics: registry and
observational samples

Psychometric properties of BRANCH are shown in Table 3. BRANCH
required an average of 22+4.97 minutes. Mean accuracy on the
BRANCH composite was 0.74+0.08 (range: 0.50-.92). The registry and
observational groups performed comparably on the BRANCH com-
posite (t = 1.67, P = .096), although there was a nonsignificant trend
toward observational participants performing better compared to reg-
istry participants, which may be attributable to their enhanced famil-
iarity with cognitive and digital test-taking.

Four of the six accuracy outcomes exhibited mean performance
within 70% to 80%, consistent with our original goals. An exception, by
design, was the Categories recall task, which was much less challeng-
ing (mean = 93%). Groceries recall was more challenging (mean = 53%)
thaninitially intended. However, incorporating both an easier and more
challenging task is useful for populations that may include both CN
and MCI. There were no floor effects. Ceiling effects were observed
for the Categories test (65% at ceiling) but otherwise minimal across
other measures. Apart from the categories test, all BRANCH outcomes
were normally distributed (defined by skewness ranging from -0.5 to
0.5; Table 3).

3.4 | BRANCH validity in relation to age: registry
and observational samples

Older age was associated with worse BRANCH performance (r = -
0.190, P =.004; Figure 2). The magnitude of the age effect on cognition
was similar across samples (observational: r = -0.262, P = .001; reg-
istry: r = -0.217, P = .055). Across both cohorts, slower reaction time
on BRANCH outcomes was associated with older age (Supp C in sup-

porting information).

3.5 | BRANCH re-test reliability: registry sample
Registry participants re-taking BRANCH were of comparable age, sex,
and education levels compared to the overall registry sample (Supp D
in supporting information). Mean time between administrations was
3.6+.73 months. Re-test reliability was good (Figure 3; r = 0.81, P <
.001).
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TABLE 3 Psychometric properties of BRANCH (A), convergent/discriminant validity against paper and pencil cognitive measures (B),
associations with amyloid and tau (C)
A: Psychometric properties (n = 234)
Face-Name- Face-Name- Groceries: Groceries:
BRANCH Categories Occupation Occupation Price Pattern
composite Recall Inference Recognition Recognition Separation Signs Test
% ceiling 0% 65% 6.40% 1.23% 2.13% 0% 0%
% floor 0% 0% 0% 0% 0% 0% 0%
Mean (% 74 93 71 76 53 78 77
accuracy)
SD 8 13 18 13 19 9 7
Range 43 67 80 60 80 53 50
Skewness -0.441 —2.69 -0.45 -0.23 0.16 -0.43 -0.49
B: Correlations (Pearson r) with Paper and Pencil Cognitive Measures (n = 160)
Face-Name- Face-Name- Groceries: Groceries:
BRANCH Categories Occupation Occupation Price Pattern
composite Recall Inference Recognition Recognition Separation Signs Test
PACC-5 0.617** 0.354** 0.441* 0.524** 0.278** 0.325** 0.255
LMDR 0.302** 0.119 0.241 0.305** 0.095 0.225 0.121
DSST 0.415** 0.298** 0.262** 0.382** 0.188 0.220 0.238
FCSRT 0.472* 0.303** 0.328** 0.351** 0.285** 0.148 0.104
MMSE 0.348** 0.234 0.322** 0.276** 0.043 0.169 0.207
CAT 0.575** 0.258 0.381** 0.484** 0.329** 0.361** 0.205
TMTA -0.287 -0.169 -0.090 —0.246 -0.250 -0.137 -0.260
TMTB -0.379** —0.382** -0.112 —.315** -0.142 —0.266 -0.321**
C: Correlations (Pearson r) with biomarkers of amyloid and tau (n = 144 for PiB and n = 129 for FTP)
Face-Name- Face-Name- Groceries: Groceries:
BRANCH Categories Occupation Occupation Price Pattern
composite Recall Inference Recognition Recognition Separation Signs Test
Cortical —0.205, —0.215, -0.122, -0.073, -0.177, -0.142, 0.050,
amyloid P=.007* P =.006* P=.078 P=.199 P=.019* P=.049* P=.281
(PiB)
Entorhinal tau -0.178, —0.020, —0.306, —0.163, —-0.133, 0.117, 219,
(FTP) P=.026* P=.414 P =.000* P=.037* P=.073 P=.100 P=.008

Notes: For B, Pearson r, two-tailed, **multiple-comparison corrected; P < .001; on all cognitive measures, higher score reflects better performance with
the exception of TMTA and TMTB for which lower score reflects better performance. For C, analyses controlled for age. Results not multiple-comparison

corrected; *P < .05.

Abbreviations: BRANCH, Boston Remote Assessment for Neurocognitive Health; CAT, category fluency ; DSST, Digital Symbol Substitution Test; FCSRT,
free recall on the Free and Cued Selective Reminding Test Free Recall; FTP, flortaucipir; LMDR, Logical Memory Delayed Recall; MMSE, Mini-Mental State
Examination; PACC-5, Preclinical Alzheimer Cognitive Composite; PiB, Pittsburgh compound B; TMT, Trail Making Test.

3.6 | BRANCH versus traditional cognitive
measures: convergent and discriminant
validity—observational sample

BRANCH composite performance was moderately correlated
(r = 0.617, P < .001) with PACC-5 (Table 3, Figure 2). BRANCH
exhibited convergent validity with memory measures whereby the
composite was correlated with memory measures (LMDR: r = 0.302,
P < .001; FCSRT: r = 0.472, P < .001). Additionally, each individual
BRANCH test accuracy metric (apart from Signs) was correlated

with the PACC-5 with the magnitude of the correlation ranging
from small (Groceries Price Recognition; r = 0.278, P < .001) to
medium (Face-Name-Occupation Recognition; r = 0.524, P < .001).
Face-Name-Occupation Inference and Recognition were most
broadly correlated with PACC-5 measures (positive correlations
were observed for each PACC component), whereas Signs was least
related to PACC-5 measures. No individual BRANCH measures were
correlated with TMTA, providing evidence for discriminant validity.
However, worse performance on the BRANCH composite and some

subtests were associated with worse performance on a task of mental
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FIGURE 2 Boston Remote Assessment for Neurocognitive Health (BRANCH) Test-Retest Reliability. Note: The graph shows the correlation
(r=0.81, P <.001) between BRANCH composite performance at first (Test) and second (Retest) administration among 31 registry participants

indicating good retest reliability

flexibility, TMTB. Reaction time outcomes for BRANCH tasks were
generally correlated in the expected directions with DSST CAT, TMTA,
and TMTB (Supp C).

3.7 | BRANCH versus AD biomarkers:
observational sample

Among the observational sample with neuroimaging (Supp E in sup-
porting information), lower BRANCH composite performance was
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FIGURE 3 Associations between Boston Remote Assessment for
Neurocognitive Health (BRANCH) composite performance and age,
positron emission tomography amyloid and tau, and Preclinical
Alzheimer Cognitive Composite (PACC-5) score. For age sample,

n = 234; for PACC-5 sample, n = 160; for Pittsburgh Compound B
(PiB) sample, n = 144; for flortaucipir (FTP) sample, n = 129; r values
for PiB and FTP are controlled for age

associated higher cortical amyloid (r = -0.205, P = .007) and entorhi-
nal tau (r = -0.178, P = .026; Figure 2; Table 3). As a point of compar-
ison, the association between PACC-5 and cortical amyloid was r = -
0.191,P=.033 andr = -0.159, P = .076 for entorhinal tau. For individ-
ual BRANCH tests, amyloid was negatively correlated with both Gro-
ceries test outcomes and Categories Recall. Greater entorhinal tau was
associated with lower performance on both Face-Name-Occupation
tasks. Signs was not related to amyloid, but was related to tau but in an
unexpected direction. Examining BRANCH reaction time data, slower
response speed across a few outcomes (Categories, Groceries Pattern
Separation, Signs) was associated with higher amyloid (Supp E). No sig-
nificant associations between reaction times and BRANCH tasks were
observed for entorhinal tau.

3.8 | Feasibility of BRANCH: in-clinic MCl sample
Twenty-two MCI participants (mean age = 78.67; mean CDR Sum of
Boxes = 1.41, range 0.5-4) were able to complete BRANCH in-clinic on
an iPad with initial guidance by a rater (Supp A). Three participants dis-
continued because the task was too confusing/difficult. No floor effects
were observed for those who completed BRANCH. MCI participants
performed worse than anin-clinic CN sample (t = 3.43, P < .01, Cohen’s
d=045).

4 | DISCUSSION

Here, we showed the feasibility of BRANCH to be deployed remotely
inan unsupervised setting, both among participants well-versed in cog-

nitive testing in an observational sample and a purely remote registry



80f 10 Diagnosis, Assessment

PAPPET AL.

Disease Monitoring

sample. Few participants had invalid/unusable data (3%) or technical
difficulties. BRANCH was feasible to complete on personal devices,
with the majority using smartphones. Few discontinued and most par-
ticipants found the tasks to be engaging.

Our results support the validity of BRANCH as an unsupervised
web-based cognitive measure as evidenced by its moderate correla-
tion (r = 0.617, P < .001) with traditional neuropsychological mea-
sures (PACC-5). BRANCH exhibited convergent validity with mem-
ory measures (i.e.,, LMDR, FCSRT) and discriminant validity with pro-
cessing speed measures (i.e.,, TMTA). Correlations between BRANCH
versus traditional memory tests ranged from r = 0.302 to 0.472,
which is comparable, if not higher, compared to correlations observed
in other studies with digital assessments.*>4¢ For example, correla-
tions between Cambridge Neuropsychological Test Automated Bat-
tery (CANTAB) memory measures and traditional memory measures
ranged from 0.14 to 0.39% whereas a digital version of a list-learning
test showed somewhat stronger correlations with the traditional task,
exhibiting correlations ranging from .37 to .62.4¢ However, it appears
that the Signs Test, in its current configuration as a continuous learning
paradigm, was not as strongly associated with gold standard cognitive
measures; as such, we are considering modifying the paradigm in the
future.

Most BRANCH tasks exhibited sound psychometric properties. Re-
test reliability was good (r = 0.81, P < .001). Apart from the Cate-
gories Test, all outcomes were normally distributed. Ceiling effects
were observed for the less challenging Categories Test. Otherwise,
average task difficulty fell within our goal of 70% accuracy (mean
BRANCH composite accuracy score = 74%) and there was good range
between the most challenging (Groceries Price Recognition; 53%) and
least challenging tasks (Categories Recall; 93%). Having this range in
difficulty for tasks is desirable for an instrument useful across those
who are CN to early MCI. Further, as a basic measure of test valid-
ity, we found worse performance on BRANCH was associated with
increasing age. Given well-known associations between older age and
lower cognitive test performance, 2647 this observed relationship pro-
vides further converging evidence that BRANCH is a valid cognitive
measure.

Finally, worse BRANCH performance was associated with greater
global amyloid (r = -0.205, P = .007) and entorhinal tau (r = -0.178,
P =.026). These findings suggest that BRANCH captures memory per-
formance that corresponds with biomarker burden in CN individu-
als who may be at risk for future disease progression. Small correla-
tions are on par with other studies examining single timepoint per-
formance on computerized tests and PET markers among CN.#>0:51
To compare, a meta-analysis of studies of CN older adults found an
association of 0.12 between traditional memory measures and PET
amyloid.?? Interestingly, associations between AD biomarkers were
numerically stronger for the BRANCH composite versus the PACC-5,
which may be attributable to the emphasis on sensitive memory mea-
sures in BRANCH.

We did not initially set out to examine reaction time data
because web-based cognitive testing is confounded by internet

speed/connectivity and inter-device variability. However, we were

encouraged to see that slower reaction time on BRANCH tasks was
associated with older age and slower performance on convergent pro-
cessing speed measures (e.g., DSST, TMTB). These data suggest that
reaction time data from a web-based program may be more promis-
ing than initially imagined and, in the future, may supplement accuracy

measures.

4.1 | Limitations and future directions

A potential limitation of any unsupervised cognitive testing is whether
the person assigned to the task is the person completing the task. To
address this, we now ask participants to “attest” that they are the des-
ignated participant and are completing BRANCH unassisted. While
there are possibilities to further guarantee fidelity with technology
(e.g., recording the participant taking the test via web video®3) the ben-
efits of these strategies are outweighed at present by data privacy
concerns. Additionally, a limitation of unsupervised cognitive testing is
that contextual information (e.g., anxiety, boredom, task approach) is
not collected by a rater/clinician. In future work, we plan to incorpo-
rate additional metrics (e.g., subjective report, environmental factors)
to enrich and contextualize cognitive data.>*

Our studies recruited individuals with their own digital devices who
were comfortable with this technology, which is unlikely representa-
tive of the larger US older adult population. Another limitation of our
study was the high (college) education level. However, we were able
to achieve a balanced representation by sex (54% female) and a rela-
tively racially diverse group (28% non-White registry sample).” Fur-
ther work will be needed to determine feasibility of BRANCH in sam-
ples with lower educational attainment.

Finally, while we demonstrated the feasibility of BRANCH in MCI
in-clinic, future work must confirm BRANCH feasibility among MCI
in remote/unsupervised settings. Initial remote testing of BRANCH
among MCI patients (n < 5) has been promising and we are
continuing to collect this data. Additionally, we plan to examine
to extent which BRANCH may track cognitive decline over time,
whether BRANCH change predicts MCI progression, and the diag-
nostic utility of BRANCH in differentiating between CN and MCI.
Future work will explore short-term learning curves by capturing
BRANCH more frequently and developing BRANCH for use in different

languages.

4.2 | Summary and conclusions

In this proof-of-concept study, we demonstrated that BRANCH pro-
vides reliable and meaningful cognitive data among CN individuals and
shows small but persistent associations with AD biomarkers despite
being deployed remotely/unsupervised. Digital capture of cognition,
unlike traditional measures, has multiple benefits including increased
accessibility, automated data capture and storage, scalability, and cost-
effectiveness. There is a need in AD secondary prevention for digi-

tal cognitive tests which target fundamental aspects of early memory
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decline and which can be completed on a personal device. Here, we pro-
vided evidence for the feasibility, reliability, and validity of BRANCH as
a cognitive measure for use in preclinical AD.
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