UCSF

UC San Francisco Previously Published Works

Title

Unsupervised Online Paired Associates Learning Task from the Cambridge
Neuropsychological Test Automated Battery (CANTAB®) in the Brain Health Registry.

Permalink
https://escholarship.org/uc/item/56m377jt

Journal
Journal of Prevention of Alzheimers Disease, 11(2)

Authors
Ashford, M
Aaronson, A
Kwang, W

Publication Date
2024

DOI
10.14283/jpad.2023.117

Peer reviewed

eScholarship.org Powered by the California Diqital Library

University of California


https://escholarship.org/uc/item/56m377jt
https://escholarship.org/uc/item/56m377jt#author
https://escholarship.org
http://www.cdlib.org/

1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuey Joyiny

Author manuscript
J Prev Alzheimers Dis. Author manuscript; available in PMC 2024 February 21.

-, HHS Public Access
«

Published in final edited form as:
J Prev Alzheimers Dis. 2024 ; 11(2): 514-524. doi:10.14283/jpad.2023.117.

Unsupervised online Paired Associates Learning task from
the Cambridge Neuropsychological Test Automated Battery
(CANTABS®) in the Brain Health Registry

Miriam T. Ashford™112, Anna Aaronson®1:3, Winnie Kwang!3, Joseph Eichenbaum?:3,
Shilpa Gummadil:3, Chengshi Jin%, Nathan Cashdollar®6, Emily Thorp®, Elizabeth Wragg®,
Kenton H. Zavitz, Francesca Cormack® 7, Timothy Banhl3, John M. Neuhaus?, Aaron
Ulbricht!:3, Monica R. Camachol:2, Juliet Focklerl:3, Derek Flenniken!:2, Diana Truran??2,

R. Scott Mackinl 8, Michael W. Weiner1:3:2.10 Rachel L. Nosheny!:8

VA Advanced Imaging Research Center, San Francisco Veteran’s Administration Medical Center,
San Francisco, CA, USA

2Northern California Institute for Research and Education (NCIRE), Department of Veterans
Affairs Medical Center, San Francisco, CA, USA

SUniversity of California, San Francisco Department of Radiology and Biomedical Imaging, San
Francisco, CA, USA

4University of California San Francisco Department of Epidemiology and Biostatistics San
Francisco, CA, USA

5Cambridge Cognition, Cambridge, United Kingdom

6Cambridge Cognition, Cambridge, MA, USA

"Department of Psychiatry, University of Cambridge, Cambridge, United Kingdom
8Department of Psychiatry, University of California San Francisco, San Francisco, CA, USA
°Department of Neurology, University of California San Francisco, San Francisco, CA, USA

10Department of Medicine, University of California San Francisco, San Francisco, CA, USA

Abstract

BACKGROUND: Unsupervised online cognitive assessments have demonstrated promise as an
efficient and scalable approach for evaluating cognition in aging, and Alzheimer’s disease and
related dementias.

OBJECTIVES: The aim of this study was to evaluate the feasibility, usability, and construct
validity of the Paired Associates Learning task from the Cambridge Neuropsychological Test
Automated Battery® in adults enrolled in the Brain Health Registry.
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DESIGN, SETTING, PARTICIPANTS, MEASUREMENTS: The Paired Associates Learning
task was administered to Brain Health Registry participants in a remote, unsupervised, online
setting. In this cross-sectional analysis, we 1) evaluated construct validity by analyzing
associations between Paired Associates Learning performance and additional participant registry
data, including demographics, self- and study partner-reported subjective cognitive change
(Everyday Cognition scale), self-reported memory concern, and depressive symptom severity
(Patient Health Questionnaire-9) using multivariable linear regression models; 2) determined

the predictive value of Paired Associates Learning and other registry variables for identifying
participants who self-report Mild Cognitive Impairment by employing multivariable binomial
logistic regressions and calculating the area under the receiver operator curve; 3) investigated
feasibility by looking at task completion rates and statistically comparing characteristics of task
completers and non-completers; and 4) evaluated usability in terms of participant requests for
support from BHR related to the assessment.

RESULTS: In terms of construct validity, in participants who took the Paired Associates Learning
for the first time (N=14,528), worse performance was associated with being older, being male,
lower educational attainment, higher levels of self- and study partner-reported decline, more self-
reported memory concerns, greater depressive symptom severity, and self-report of Mild Cognitive
Impairment. Paired Associates Learning performance and Brain Health Registry variables together
identified those with self-reported Mild Cognitive Impairment with moderate accuracy (areas
under the curve: 0.66-0.68). In terms of feasibility, in a sub-sample of 29,176 participants who

had the opportunity to complete Paired Associates Learning for the first time in the registry,
14,417 started the task. 11,647 (80.9% of those who started) completed the task. Compared to
those who did not complete the task at their first opportunity, those who completed were older,

had more years of education, more likely to self-identify as White, less likely to self-identify as
Latino, less likely to have a subjective memory concern, and more likely to report a family history
of Alzheimer’s disease. In terms of usability, out of 8,395 received requests for support from

BHR staff via email, 4.4% (n=374) were related to PAL. Of those, 82% were related to technical
difficulties.

CONCLUSIONS: Our findings support moderate feasibility, good usability, and construct
validity of cross-sectional Paired Associates Learning in an unsupervised online registry, but

also highlight the need to make the assessment more inclusive and accessible to individuals from
ethnoculturally and socioeconomically diverse communities. A future, improved version could be
a scalable, efficient method to assess cognition in many different settings, including clinical trials,
observational studies, healthcare, and public health.

Keywords

Brain health registry; unsupervised cognitive assessment; Paired Associates Learning; CANTAB;
Mild Cognitive Impairment

INTRODUCTION

Digital, unsupervised cognitive assessments demonstrate promise for efficiently evaluating
cognition in brain diseases related to aging, including Alzheimer’s disease and related
dementias. This approach may improve at-risk individuals’ access to care and research

J Prev Alzheimers Dis. Author manuscript; available in PMC 2024 February 21.
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studies, minimize the time and costs involved in research participation, and enable more
frequent assessment of diverse populations [1]. These assessments have been particularly
useful during the COVID-19 pandemic [2]. Furthermore, there is evidence for the validity
of unsupervised remote cognitive assessments in comparison with traditional supervised
in-clinic assessments and Alzheimer’s disease and related dementias-related biomarkers
[1]. However, numerous challenges remain, for example, external factors (e.g., assessment
environment, device, internet connection) could impact the quality of the data. Furthermore,
lack of an assessor may impact participants’ understanding of the assessment, motivation,
and engagement [3, 4].

The Paired Associates Learning (PAL) task from the Cambridge Neuropsychological

Test Automated Battery (CANTAB®; Cambridge Cognition, 2022) is a digital cognitive
assessment[5]. The CANTAB PAL assesses visual learning and episodic memory. Previous
studies have shown that those with Mild Cognitive Impairment and mild Alzheimer’s
disease dementia performed more poorly on PAL than cognitively unimpaired individuals[6—
10]. Furthermore, in combination with other measures, PAL performance accurately predicts
progression to dementia[6, 7, 11] and is associated with Alzheimer’s disease biomarkers[10,
12-14]. PAL has also demonstrated comparable levels of performance and psychometric
properties when administered in a remote, unsupervised setting on an individual’s personal
computer at home when compared to an in-clinic, supervised environment [15-17] In March
2021, the PAL task was added to the Brain Health Registry (BHR), an online, remote
research study run by the University of California, San Francisco ( N>100,000) that collects
longitudinal, unsupervised data related to cognitive aging and dementias in adults[18].

The overall aim of this study was to evaluate the feasibility, usability, and construct validity
of an online, unsupervised, at home version of the PAL task in Brain Health Registry
participants. To assess construct validity of PAL, this analysis investigated cross-sectional
association of PAL performance with BHR participant data, as well as thepredictive value
of PAL in identifying BHR participants who self-report Mild Cognitive Impairment. This
analysis focused on Mild Cognitive Impairment since there is a critical, unmet need to
identify adults for clinical treatment research at early stages on the disease spectrum[19].To
assess feasibility, we examined PAL task completion rate, and differences between PAL
completers and non-completers, and to assess usability, we summarized requests for BHR
staff support regarding PAL and determined the proportion of participants passing the
integrity criteria. We hypothesized that a decrease in PAL performance would be associated
with older age, fewer years of education, self-reported memory concerns, a family history
of Alzheimer’s disease, as well as with higher levels of subjective cognitive decline and
depressive symptom severity.

METHODS
Study design

This study reports cross-sectional CANTAB PAL data collected through the BHR study,
an ongoing longitudinal study which collects data in an online unsupervised setting. BHR
has over 100,000 consented and enrolled participants over the age of 18 who are invited
to complete online assessments every six months, including self-report questionnaires

J Prev Alzheimers Dis. Author manuscript; available in PMC 2024 February 21.
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(e.g., sociodemographic and health information) and different cognitive assessments [18].
Participation in BHR is voluntary and not compensated. The BHR study is approved by the
University of California, San Francisco institutional review board.

Paired Associates Learning assessment—In the CANTAB PAL task (Cambridge
Cognition, 2022; cambridgecognition.com/cantab/), participants receive automated
voiceover instructions to remember the location of abstract colorful patterns which are
presented within a variety of possible locations on a computer screen (see Figure 1A). In
BHR, PAL is called the “Pattern Location Challenge,” and is presented as the third task

in the second section (labeled “Identifying Changes”) of the BHR task list (see Figure 1B
for a screenshot). In the BHR version of PAL, registry participants have the opportunity to
complete up to 5 stages of the assessment, which include learning two, four, six, eight or
twelve pattern-location pairings. During the first part of the assessment, BHR participants
are shown boxes, which are “opened” in a randomized order one-by-one, displaying either
a pattern or an empty box which the participant needs to remember. Next, the patterns are
displayed in the middle of the screen one at a time and the participant needs to indicate the
box in which the pattern was located originally. In case of an error, the boxes re-open and
the participant can try again to recall the correct pattern locations, up to a maximum of 4
attempts. From any given stage, a subject can advance to the next more difficult stage only
if they correctly recall all of the patterns. If the participant fails to complete the stage after 4
attempts, then the task will end.

For the present analysis, the outcome variables were a) PAL First Attempt Memory Score
and b) PAL Total Errors Adjusted. PAL First Attempt Memory Score is the number of

times a participant chose the correct box on their first attempt when recalling the pattern
locations. PAL Total Errors Adjusted accounts for adjusted errors for all 2-12 pattern levels
regardless of whether the participant reached the 12-box level or not. These two PAL
performance measures were chosen as they are relatively independent from one another and
are also most commonly reported when using PAL[5]. This analysis data collected between
March 2021 and July 2022, focused on the first time PAL was taken to eliminate practice
effects, and included participants with at least one completed PAL assessment and those who
successfully completed the easiest stage of the PAL task (N=14,528).

Self-reported measures—-Participants enrolled in BHR are invited to complete a variety
of online self-report questionnaires every six months. For this analysis, the self-report
measure data closest to the first PAL assessment was included.

Self-reported sociodemogr aphic measures: For this analysis, we included information
from the following participant characteristics: age at the time of assessment (continuous),
gender (male, female, other, prefer not to say), educational attainment (grammar schooll,
high school, some college, two-year degree, four-year degree, master’s degree, doctoral
degree, professional degree), ethnicity (Latino, non-Latino, declined to state), and race
(African American/Black, Asian, Native American, Other, Pacific Islander, White decline to

J Prev Alzheimers Dis. Author manuscript; available in PMC 2024 February 21.
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state). We converted the variable educational attainment into a continuous years of education
measure.

Self-reported and medical history and memory measures. This analysis used subjective
memory concern (“Are you concerned that you have a memory problem?”; yes, no, prefer
not to say), family history of Alzheimer’s disease (“Do you have any biological parents,
full siblings, or biological children who have been diagnosed with Alzheimer’s Disease?”;
yes, no, | don’t know, prefer not to say), self-reported mild cognitive impairment (“Please
indicate whether you currently have or have had any of the following conditions in the
past: Mild Cognitive Impairment”; yes, no), and self-reported Alzheimer’s disease (“Please
indicate whether you currently have or have had any of the following conditions in the past:
Alzheimer’s disease”; yes, no)

Everyday Cognition Scale: The 39-item Everyday Cognition Scale (ECog) measures
change in instrumental activities of daily living compared to activity levels 10 years before
as rated by the participant (self-rated) and the study partner [20]. Activities included in the
Everyday Cognition Scale map onto six domains of cognitive abilities. Scores range from
1-4. Higher scores indicate more reported decline. An online adaptation of the scale is used
in the BHR[21].

PHQ-9: The Patient Health Questionnaire-9 (PHQ-9) is a brief (9 item), valid, and

reliable self-administered questionnaire, which measures depression severity[22, 23]. In the
questionnaire, participants respond to each of the nine DSM-IV criteria on a scale ranging
from not at all (0) - nearly every day (3). Higher scores indicate a greater depression severity
(normal range 0-27).

Feasibility and Usability Outcomes

We defined feasibility in terms of participant completion of the PAL task and usability in
terms of participant requests for support related to PAL.

Feasibility - PAL completion—To assess feasibility, we looked at a subset of
participants (N=29,176) at their first opportunity to complete the PAL task in BHR. An
opportunity is defined as a participant logging into BHR and completing the first, required
self-report questionnaire. After completing the required questionnaire, the PAL task appears
in the participant’s task list. For this analysis we report on how many participants of this
subset (i) did not attempt/start the PAL task; (ii) attempted but did not complete; (iii)
attempted and completed. For those who attempted PAL but did not complete we are
reporting reasons for lack of completion.

Usability—This study assesses usability by (1) participant contact with the BHR staff and
(2) by determining the proportion of participants passing the integrity criteria (>2 patterns).
Participants can contact BHR staff for support via email and an online web form. BHR

staff manage participant support requests using Zendesk, a third-party customer support tool
that uses an e-mail/message ticketing system to communicate with participants. Tickets are

J Prev Alzheimers Dis. Author manuscript; available in PMC 2024 February 21.
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solved by designated BHR staff within 24-48 hours. For the present analysis, we examined
total number of tickets received and sorted these tickets by general category.

Statistical analyses

RESULTS

The objectives of this statistical analysis was to 1) describe and compare demographic
characteristics of BHR participants who took the PAL task and those who did not, 2)
report descriptive statistics of PAL performance measures for PAL First Attempt Memory
Score and PAL Total Errors Adjusted, 3) estimate magnitude of associations between
participant reported information (age, gender, ethnicity, race, years of education, self-
and study partner reported Everyday Cognition Scale scores, subjective memory concern,
self-reported diagnosis of Mild Cognitive Impairment and Alzheimer’s disease, family
history of Alzheimer’s disease, and Patient Health Questionnaire-9 score) and the two
PAL performance outcome measures, and 4) assess the predictive value of the two PAL
performance measures in distinguishing adults with or without self-report of Mild Cognitive
Impairment.

We calculated descriptive statistics including frequencies and percentages for categorical
data and mean and standard deviation (SD) for continuous data to assess participant
information and PAL performance measures. For evaluating differences between those who
completed PAL at their first opportunity and those who did not, we used Welch two sample
t-test for continuous variables and Chi-square test for categorical variables, and calculated
95% confidence intervals (Cl) and effect sizes (Cohen’s d for continuous variables;

Cohen’s h for categorical variables). For assessing the associations between PAL and

BHR variables, we employed multivariable linear regression models. Using ordinary least
squares, we fit separate models for each of the two PAL performance measures and included
the following predictors in each model: age, gender, education, self-Everyday Cognition
Scale, study partner Everyday Cognition, subjective memory concern, self-reported Mild
Cognitive Impairment, self-reported family history of Alzheimer’s disease, Patient Health
Questionnaire-9. For the linear regressions we report regression coefficients and 95%
confidence intervals (CI) for the models. We used multivariable binomial logistic regressions
to assess the ability of PAL (predictor) to distinguish participants who self-reported Mild
Cognitive Impairment from those who did not (outcome). We modeled the predictors PAL
First Attempt Memory Score and PAL Total Errors Adjusted separately and in combination.
Each predictor was modeled by itself and in combination with the following covariates:

age, gender, and education. We assessed the predictive performance of the logistic model by
calculating the area under the receiver operating characteristic curve. We calculated 10-fold
cross-validated estimates of the AUCs to correct for optimism. We used SAS 9.4 (SAS
Institute, Cary NC) and R (version 4.2.2)[24] for the statistical analyses.

Sample characteristics of BHR first time PAL takers

The study sample consisted of 14,528 participants who completed the PAL for the
first time with scores meeting the integrity criteria. Table 1 presents a summary of
participant characteristics including sociodemographic and health information. Participants

J Prev Alzheimers Dis. Author manuscript; available in PMC 2024 February 21.
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who completed PAL were on average 66.3 years old (SD=11.3), had an average of 16.6
years of education (SD=2.27), 10,526 (72.5%) identified as female, 13,487 (92.8%) as
White and 922 (6.3%) as Latino. In terms of self-reported health- and cognition-related
variables, 496 (3.4%) self-reported a Mild Cognitive Impairment diagnosis, and 54 (0.4%)
self-reported an Alzheimer’s disease diagnosis. 6,162 (42.4%) had a subjective memory
concern, and 5,038 (34.7%) had a family history of Alzheimer’s disease.

PAL performance scores

The mean PAL First Attempt Memory Score was 12.1 (SD=4.25, min=0, max=20) and the
mean PAL Total Errors Adjusted was 41.8 (SD=29.5, min=0, max=111). Figure 1C shows
the distribution of the two PAL performance outcomes.

PAL construct validity - Associations between participant information and PAL
performance scores

Lower PAL First Attempt Memory Score (worse) performance was associated with being
older, having fewer years of education, identifying as male, higher self- and study partner
reported Everyday Cognition Scale scores, self-reporting a memory concern, self-report of
Mild Cognitive Impairment, a family history of Alzheimer’s disease, and higher depressive
symptom severity (see Table 2). Specifically, a 1-year increase in age is significantly
associated with a —0.14 decrease in PAL First Attempt Memory Score (PAL FAMS). A
1-year increase in years education is significantly associated with a .12 increase in PAL
FAMS. Compared to male participants, female participants have a .81 increase in PAL
FAMS. A 1-unit increase in Self-report Everyday Cognition score is significantly associated
with a —.96 decrease in PAL FAMS. A 1-unit increase in Study Partner-report Everyday
Cognition score is significantly associated with a —1.40 decrease in PAL FAMS. Having a
subjective memory concern is significantly associated with a —.68 decrease in PAL FAMS.
Self-reported Mild Cognitive Impairment is significantly associated with a —1.74 decrease
in PAL FAMS. A 1-unit increase in Patient Health Questionaire-9 score is significantly
associated with a —.06 decrease in PAL FAMS.

Higher PAL Total Errors Adjusted reflecting worse performance was also associated with
being older, having less years of education, identifying as male, higher self- and study
partner reported Everyday Cognition Scale scores, self-reporting a memory concern, self-
report of Mild Cognitive Impairment, a family history of Alzheimer’s disease, and higher
depressive symptom severity. Specifically, a 1-year increase in age is significantly associated
with a 1.02 increase in PAL total errors. A 1-year increase in years of education is
significantly associated with a —0.88 decrease in PAL total errors. Compared to male
participants, female participants significantly have 7.14 less PAL total errors. A 1-unit
increase in Self-report Everyday Cognition score is significantly associated with a 6.37
increase in PAL total errors. A 1-unit increase in Study Partner-report Everyday Cognition
score is significantly associated with a 9.08 increase in PAL total errors. Having a subjective
memory concern is significantly associated with 4.64 more PAL total errors. Self-reported
MCI is significantly associated with a 12.04 increase in PAL Total Errors. A 1-unit increase
in Patient Health Questionaire-9 score is significantly associated with a .39 increase in PAL
Total Errors.

J Prev Alzheimers Dis. Author manuscript; available in PMC 2024 February 21.
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PAL performance measures to predict self-reported Mild Cognitive Impairment in BHR

participants

PAL First Attempt Memaory Score predicted self-reported Mild Cognitive Impairment with
a cross-validated area under the curve of 0.66. Adding demographic information (age,
gender, education) slightly improved the cross-validated area under the curve to 0.68. PAL
Total Errors Adjusted scores predicted self-reported Mild Cognitive Impairment with a
cross-validated area under the curve of 0.67. Adding demographic information to PAL Total
Errors Adjusted slightly increased the cross-validated area under the curve to 0.68. PAL First
Attempt Memory Score and PAL Total Errors Adjusted combined predicted self-reported
Mild Cognitive Impairment with a cross-validated area under the curve of 0.67. Adding
demographic information to this model slightly increased the cross-validated area under the
curve to 0.68. See Figure 2 for a summary of multivariate logistic regressions and receiver
operating characteristic curves.

Feasibility - PAL completion

Finally, we looked at a subset of participants who had their first opportunity to complete
PAL (defined as being presented with PAL in their BHR task list; N=29,176). Of those,
14,759 (50.6%) did not attempt PAL and 14,417 (49.4%) attempted (started) the PAL

task. Of those who attempted, 2,770 (19.2%) did not complete PAL and 11,647 (80.8%)
completed PAL. When comparing those who completed PAL (N=11,647) to those who
either did not attempt or attempted but did not complete; N=17,529, there were statistically
significant differences in self-reported age, gender, education, race, memory concern, and
family history of Alzheimer’s disease (see Table 3). BHR participants who completed PAL
(N=11,647) were older with more years of education, less likely to report female gender,
less likely to self-report identifying with being Black/African American, Native American,
Pacific Islander, and Latino ethnicity, and more likely to be White, or Asian, less likely

to report a subjective memory concern, and more likely to report a family history of
Alzheimer’s disease. Participants who attempted but did not complete PAL (N=2,770) were
on average 64.1 years old (SD=11.2), had an average of 15.5 years of education (SD=2.5),
76.3% (N=2,114) identified as female, 92.8% (N=2,425) as White and 488 (17.6%) as
Latino. A total of 1429 (51.6%) self-reported a memory concern, and 912 (32.9%) had a
family history of Alzheimer’s disease. The two most common reasons for starting but not
completing PAL were that the device was not supported (N=2,071) followed by technical
difficulties (N=468).

PAL usability - participant support

Out of 8,395 received requests for support from BHR staff via email during the specified
time period, 4.4% (n=374) were related to PAL. These emails fell under 3 different

themes: technical difficulties (i.e., difficulty loading the test, incompatible device (n=305,
81.6%)), user experience (i.e., confusion with study instructions, issues with audio) (n=65,
17.4%)), and participant feedback/suggestions for improvement (n=4, <1%). Out of 14,650
participants who completed PAL for the first time, only 32 (0.2%) did not pass the integrity
criteria.

J Prev Alzheimers Dis. Author manuscript; available in PMC 2024 February 21.
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DISCUSSION

The major findings were that (1) PAL has good usability, but only moderate feasibility, and
lacks accessibility for diverse ethnocultural an socioeconomic communities (2) associations
of PAL with demographic and cognitive BHR variables support construct validity and (3)
PAL performance differentiates participants with a self-reported diagnosis of Mild Cognitive
Impairment and participants who do not report a diagnosis of Mild Cognitive Impairment
with modest accuracy. Online, unsupervised cognitive assessments like PAL hold promise as
an efficient and scalable approach for evaluating cognition related to aging and brain health,
including Alzheimer’s disease and related dementias. This may improve access to care and
research studies.

This first major finding was that our results demonstrate good usability of the PAL task

in a large sample of >11,000 participants who took the task in an unsupervised online
setting. For those who completed the task, there was minimal need for support and only
0.2% of PAL completed tests did not meet the necessary integrity criteria. Only 4.5%
(375/8,395) of all requests for support in BHR during the same time period were about

PAL. In comparison, during the same time period, BHR staff received 8,395 support requests
for the overall BHR study and of those, there was a total 868 (10.3%) requests for other
cognitive assessments in BHR. The most common reason for contacting BHR with a request
for support with PAL was related to unsupported devices. Currently, PAL in BHR does not
support the use of smartphones and tablet. This raises feasibility and accessibility concerns,
especially since, for example, Black/African American and Latina/x/o adults are less likely
to own a traditional computer compared to White adults[25].

In terms of feasibility, a moderate percentage of participants completed the PAL assessment
when the task was first added to their task list (39%) and 19% or approximately 1 out of 5
attempted the PAL task but did not complete. It is possible that the order of the PAL task
within the BHR task list, as well as task choice overload may have affected completion of
the PAL task. Future research could include an analysis of participants’ overall BHR task
usage to identify whether certain participants actively avoid the PAL task. In addition, since
PAL is administered in an unsupervised setting, completion might be affected by external
factors such as internet connection and distractions in the participant’s environment.

Participants who were older, had more years of education, male, self-identified as White,
non-Latino, had fewer memory concerns, and who were more likely to self-report a family
history of Alzheimer’s disease had a higher probability of completing PAL. This is in line
with results from a previous analysis of BHR task completion data which highlighted the
registry’s failure to engage non-White and non-Latino participants in terms of completion
of cognitive assessments[26]. In addition, in comparison with a recent analysis of the

BHR participant cohort (n=90,650), those who completed PAL had a higher percentage of
individuals identifying as White (92.8% versus 79.1%) and a lower percentage identifying
as Latino (6.3% versus 13.2%). The PAL completer group had a lower percentage of
individuals with a subjective memory concern (42.4% versus 49.9%) and higher percentage
of individuals with a family history of Alzheimer’s disease (34.7% versus 22.3%). These
selection biases are important to consider when evaluating the generalizability of the results.
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The second major finding was that mean PAL scores were associated with age, gender,
education, self-report of memory concerns, self-report of Mild Cognitive Impairment,
depressive symptoms severity, but not family history of Alzheimer’s disease. These findings
provide evidence supporting the construct validity of PAL in an online unsupervised

setting. The data showed associations of decreasing PAL performance with increasing age,
decreasing educational attainment, increasing self- and study partner reported cognitive
change (Everyday Cognition Scale), a self-reported memory concern, increasing depressive
symptoms severity, as well as with a self-reported diagnosis of Mild Cognitive Impairment.
These findings are consistent with previous studies of cognition in online unsupervised
settings [21, 27-29] and PAL [5, 12]. Our data also revealed that male gender was associated
with decreasing PAL performance on both measures, but there was a larger effect for PAL
first attempt memory score. Previous findings from analyses of PAL have been mixed

in terms of gender effects, with some research showing gender differences in a general
population of older men and women[30], which aligns with the results reported here. Other
research reports no sex difference in a large sample looking at normative performance [31].
Also, in contrast, previous research has reported that older male participants showed higher
performance for visual memory tests[32]. One potential factor influencing our findings
might be a female self-selection bias (73% of PAL completers were female). In addition,
the effects of education, as well as social and mental activity may play a role in the
identified gender difference. This is an area which requires further investigation. We also
found no association of family history of Alzheimer’s disease with either of the PAL
performance outcomes. This finding stands in contrast to previous studies which have
identified relationships between family history of Alzheimer’s disease and poorer cognitive
assessment performance in older adults [33]. However, our finding is consistent with a study
evaluating a different unsupervised online cognitive assessment in BHR [27, 28].

The third major finding was that PAL performance measures, with and without demographic
information, identified those with self-reported Mild Cognitive Impairment with moderate
accuracy (area under the curve: 0.66-0.68 in Figure 2). This is in line with a study of PAL in
a supervised setting, which showed high sensitivity and specificity in differentiating between
participants with Mild Cognitive Impairment and cognitively unimpaired participants [5,

34] and comparable to other computerized cognitive assessments[35]. Even though the
accuracy is considered low to moderate these results suggest that PAL may be useful as

a highly scalable first step in a multi-stage screening process, to identify those at higher

risk for Mild Cognitive Impairment for subsequent screening. It is necessary to further
improve the ability of unsupervised remote cognitive assessments, such as PAL, so they

may accurately detect Mild Cognitive Impairment. Future strategies could include testing the
assessments in cohorts with clinically confirmed Mild Cognitive Impairment, longitudinal
testing to establish the stability and or/progression of the observed impairment, as well as
analysis over multiple assessments across domains. It should also be noted that the Mild
Cognitive Impairment diagnosis used in this study was self-reported, rather than clinically
confirmed, and that participants may not understand what it means to be told that they have
Mild Cognitive Impairment. Nonetheless, this is a highly scalable approach which could be
extended to many research settings and clinical care, such as facilitating clinical trial and
observational study screening and assessment.
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This study is not without limitations. Due to the overall design of the BHR, this study is
subject to multiple selection biases. BHR is a voluntary registry which requires access to the
internet and a computer, high literacy, and motivation to enroll and complete the BHR tasks.
In addition, internet and a computer literacy and proficiency are not measured in this study,
but this would be important information to collect in future studies. Further, only recently
(July 2021) did BHR become available in Spanish, so the vast majority of participants are
English-speaking. Like other studies, BHR underrepresents participants from the Latino,
Asian, Black, other non-White communities, and male participants, as well as those with
fewer than 16 years of education. These selection biases were amplified when considering
only those who completed PAL. This impacts the interpretation and generalizability of

the presented findings. Therefore, BHR PAL should be made accessible to individuals

from ethnoculturally and socioeconomically diverse communities. Further, PAL usability
was only assessed via digital support requests, which relies on the technology proficiency
and cognitive ability of participants, and by determining the number and proportion of
participants whose scores did not meet data integrity criteria. Future studies could include a
formal assessment of usability, for example, using a validated usability scale like the System
Usability Scale[36] and/or in-depth interviews with both participants who complete and

not complete PAL. In addition, the support request data was not linked to participants’
demographic data, which would be informative for future studies to better understand
reasons for non-completion. Lastly, this analysis focused on cross-sectional data of BHR
participants who took PAL for the first time. Future analyses will investigate longitudinal
PAL performance in BHR and expand to look at the associations with in-clinic assessments
and biomarkers.

Taken together our findings show that collecting PAL data from a large sample (n>11,000)
in an online unsupervised setting shows good usability and moderate feasibility. The
minimal need for support provides evidence for the usability of PAL in this format. The
findings also provide evidence about the construct validity of cross-sectional BHR PAL
and that BHR PAL may facilitate efficient screening of older adults for Mild Cognitive
Impairment. However, our findings also highlight the need to make this version of PAL
more inclusive and accessible to individuals from diverse ethnocultural and socioeconomic
communities. Unsupervised, online administration of PAL is a potentially highly scalable
approach that could facilitate clinical research and clinical care in many settings, especially
if proven to be accessible and inclusive.
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Figure 1:

A) Image of the Paired associates Learning task in BHR. Note. During the first part of the
PAL assessment, participants are shown boxes configured in a circle (Al). In the following
part, the boxes are “opened” in a randomized order one-by-one, displaying either a pattern
or an empty box which the participant needs to remember (A2). Next, the patterns are
displayed in the middle of the screen one at a time and the participant needs to indicate the
box in which the pattern was located originally (A3). B) Screenshot of the BHR task list
showing the location of PAL named “Pattern Location Challenge”. C) PAL First Attempt
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Memory Score and PAL Total Errors Adjusted distributions. PAL First Attempt Memory
Score is the number of times a participant chose the correct box on their first attempt when
recalling the pattern locations. PAL Total Errors Adjusted accounts for adjusted errors for all
2-12 pattern levels regardless of whether the participant reached the 12-box level or not.

J Prev Alzheimers Dis. Author manuscript; available in PMC 2024 February 21.



Ashford et al. Page 17

PAL First Attempt Memory Score
ROC curves for Model 3 & Model 4

PAL Total Errors Adjusted
ROC curves for Model 1 & Model 2

1duosnuepy Joyiny 1duosnuely Joyiny 1duosnuepy Joyiny

1duosnuely Joyiny

J Prev Alzheimers Dis. Author manuscript; available in PMC 2024 February 21.

1.0 - 1.0 -
0.8 - 0.8 -
":" 0.6 - é“ 0.6 -
= 2
s et
= =
S c
L )
Y 04+ VY o4~
0.2 1 0.2 1
LineParm LineParm
00 hl T T T T T 0‘0 T T T T T T
0.0 0.2 04 0.6 0.8 1.0 0.0 0.2 04 06 08 1.0
1-Specificity 1-Specificity




1duosnuepy Joyiny 1duosnuely Joyiny 1duosnue Joyiny

1duosnuely Joyiny

Ashford et al.

Sensitivity

Page 18

PAL Total Errors Adjusted & PAL First
Attempt Memory Score
ROC curves for Model 5 & Model 6
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Figure 2.

Predictive performance of multivariable logistic regression models to distinguish participants
who self-report mild cognitive impairment from those who do not. Areas under receiver
operating characteristic curves (ROC) for predictive ability of Paired Associates Learning
(PAL) First Attempt Memory Score and PAL Total Errors Adjusted.
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Cross-validated mean area

under the curve Oddsratio  95% Wald Confidence limits

Model 1 0.67

PAL Total Errors Adjusted 1.02 1.02-1.02
Model 2 0.68

PAL Total Errors Adjusted 1.02 1.01-1.02

Current age 1.03 1.02-1.04

Gender 0.73 0.60-0.90

Education 0.96 0.92-0.99
Model 3 0.66

PAL First Attempt Memory Score 0.87 0.85-0.89
Model 4 0.68

PAL First Attempt Memory Score 0.90 0.88-0.92

Current age 1.03 1.02-1.04

Gender 0.72 0.59-0.88

Education 0.96 0.92-0.99
Model 5 0.67

PAL Total Errors Adjusted 1.01 1.01-1.02

PAL First Attempt Memory Score 0.93 0.89-0.97
Model 6 0.68

PAL Total Errors Adjusted 1.01 1.00-1.01

PAL First Attempt Memory Score 0.94 0.90-0.98

Current age 1.03 1.01-1.04

Gender 0.74 0.60-0.90

Education 0.96 0.92-0.99
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Descriptive statistics of participant self-report variables who completed Paired Associates Learning (PAL) for

the first time

N=14,528
Age, Mean (M) + Standard deviation (SD) 66.3+11.3
(min-max) (18-99)
Education in years, M £ SD 16.6 £ 2.27
(min-max) (6-20)

Female, n(%)

10,526 (72.5%)

Race, n(%)

Black/African American

335 (2.3%)

Asian 404 (2.8%)
Native American 261 (1.8%)
Pacific Islander 36 (0.2%)
White 13,487 (92.8%)
Other 412 (2.8%)
More than 1 race 414 (2.8%)
Latino, n(%) 922 (6.3%)
Self-report Everyday Cognition Scale Score™ M + SD 14044
(min-max) (1-4)
Study partner-report Everyday Cognition Scale Score”, M £ SD (min-max)) n=2,815 1-3’(5_2)-43
Patient Health Questionnaire-9 scorei, M +SD 3.7+4.15
(min-max) (0-27)
Self-report Mild Cognitive Impairment, n(%) n=6,481 496 (3.4%)
Self-report Alzheimer’s disease, n(%) *n=6,481 54 (0.4%)

Subjective Memory Concern, n(%)

6,162 (42.4%)

Family History of Alzheimer’s disease, n(%)

5,038 (34.7%)

Note.

*

Self-report Everyday Cognition Scale normal range: 1-4p;
7‘Study partner-report ECog normal range: 1-4;

’fPatient Health Questionnaire (PHQ-9) normal range: 0-27
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Estimated regression coefficients and 95% confidence intervals from linear regression models fit to PAL First

Attempt Memory Score and PAL Total Errors Adjusted outcomes

PAL First Attempt Memory Score  PAL Total Errors Adjusted

B (95% confidence interval) B (95% confidence interval)
Current age in years -0.14 (-0.15,-0.14) * 1.02 (0.98,1.06)
Years of education 0.12 (0.09,0.15) -0.88 (-1.07,-0.68) ™
Gender

Male 1.0(reference)

Female 0.81 (0.67,0.96) ~7.14 (-8.13,-6.15) "
Self-Everyday Cognition Scale score -0.96 (-1.10,-0.81) * 6.37 (5.37, 7.37) *
SP-Everyday Cognition Scale score” -1.40 (-1.74,-1.06) * 9.08 (6.75, 11.42) *
Self-reported memory concern

no 1.0(reference)

yes -0.68 (-0.81,-0.55) * 4.64 (3.76,5.53) "
Self-report Mild Cognitive Impairment

no 1.0(reference)

yes -1.74 (-2.09,-1.38) © 12.04 (9.60,14.49) "
Family History of Alzheimer’s disease

no 1.0(reference)

yes -0.02 (-0.15, 0.12) 0.33 (~0.60,1.25)
Patient Health Questionnaire-9 score? -0.06 (-0.08, —0.05) 0.39 (0.29, 0.50)

Note.
*
<.05,

vaeryday Cognition Scale normal range: 1-4;

iPatient Health Questionnaire (PHQ-9) normal range: 0-27
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Participant characteristics of those who completed the Paired Associates Learning (PAL) task at their first
opportunity compared to those who did not.

Did not complete PAL at

first opportunity

Completed PAL at first
opportunity

95% Confidenceinterval  Effect size

N=17529 N=11647
dAegve:;lme?g D(;V') # Standard 62.7 +12.1 65.9 + 11.4 -3.465, —2.920// 21
Education in years™ M + SD 157426 16.63+2.3 -1.010, -0.898/ 397
Femalef, n(%) 13304 (75.9) 8441 (72.5) -0.045, -0.024/ 088
Racef, n(%)
Asian 491 (2.8) 333 (2.9) -0.003, 0.005 0038
Black/African American 596 (3.4) 261 (2.2) -0.015, -0.008/ 07¥
Native American 680 (3.9) 204 (1.8) -0.025, -0.017/ 13%
Other 1833 (10.5) 337 (2.9) -0.081, -0.070/ 328
Pacific Islander 93 (0.5) 31(0.3) —0.004, —0.001/ 048
White 14420 (82.3) 10806 (92.8) 0.098, 0.113/ 33%
Latino” n(%) 4647(26.5) 742(6.4) -0.209, -0.193// 578
ﬁ(uoBDj)ective memory concern’, 8934 (51.0) 4858 (41.7) -0.104, -0.081/ 198
Family history of Alzheimer’s 5103 (29.1) 3971 (34.1) 0.039, 0.061// 18

diseasef, n(%)

Note.
*
Welch two sample t-test;
fompi .
=Chi-square test;
¢= Cohen’s d;
§= Cohen’s h;

//= p<.05
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