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1 | BACKGROUND

Abstract

Introduction: Remote smartphone assessments of cognition, speech/language, and
motor functioning in frontotemporal dementia (FTD) could enable decentralized clin-
ical trials and improve access to research. We studied the feasibility and acceptability
of remote smartphone data collection in FTD research using the ALLFTD Mobile App
(ALLFTD-mApp).

Methods: A diagnostically mixed sample of 214 participants with FTD or from famil-
ial FTD kindreds (asymptomatic: CDR®+NACC-FTLD = O [N = 101]; prodromal: 0.5
[N = 49]; symptomatic >1 [N = 51]; not measured [N = 13]) were asked to complete
ALLFTD-mApp tests on their smartphone three times within 12 days. They completed
smartphone familiarity and participation experience surveys.

Results: It was feasible for participants to complete the ALLFTD-mApp on their own
smartphones. Participants reported high smartphone familiarity, completed ~ 70% of
tasks, and considered the time commitment acceptable (98% of respondents). Greater
disease severity was associated with poorer performance across several tests.
Discussion: These findings suggest that the ALLFTD-mApp study protocol is feasible
and acceptable for remote FTD research.

KEYWORDS
adherence, digital technology, smartphone, cognition, neuropsychology, frontotemporal lobar
degeneration (ftld), primary progressive aphasia (ppa)

HIGHLIGHTS

* The ALLFTD Mobile App is a smartphone-based platform for remote, self-
administered data collection.

* The ALLFTD Mobile App consists of a comprehensive battery of surveys and tests of
executive functioning, memory, speech and language, and motor abilities.

* Remote digital data collection using the ALLFTD Mobile App was feasible in a multi-
center research consortium that studies FTD. Data was collected in healthy controls
and participants with a range of diagnoses, particularly FTD spectrum disorders.

* Remote digital data collection was well accepted by participants with a variety of
diagnoses.

clinical heterogeneity of FTD.1° Moreover, FTD is relatively rare and

affected individuals are geographically dispersed. Recent estimates

Frontotemporal dementia (FTD) is a heterogenous collection of clinical
syndromes characterized by behavioral, cognitive, language, and motor
deficits.! FTD syndromes include behavioral variant frontotemporal
dementia (bvFTD), primary progressive aphasias (PPA), corticobasal
syndrome (CBS), and progressive supranuclear palsy (PSP).2"¢ FTD is
a common form of early-onset dementia. Although most cases are spo-
radic, roughly 20%-30% of cases are caused by dominantly inherited
mutations (familial or f-FTD).”8

There are currently no approved treatments for FTD, but clinical
trials are underway.? Successfully identifying effective therapies, how-

ever, is contingent on well-defined trial endpoints that capture the

suggest that f-FTD clinical trials will require global recruitment to
achieve sufficient power.!! Decentralized trials may be necessary to
overcome recruitment barriers and will require new tools to enable
remote data collection.

Smartphones, which are becoming ubiquitous,’?13 may provide a
vehicle for addressing recruitment challenges in FTD research and
potentially improving sensitivity to early symptoms. We previously
found that digital tests of executive functioning, which is affected
across FTD syndromes, detected deficits in asymptomatic f-FTD
mutation carriers.'* Building upon these findings, ALLFTD investi-

gators (https://www.allftd.org) developed a comprehensive battery
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of smartphone assessments to facilitate remote assessment of FTD’s
diverse clinical features. The ALLFTD Mobile App (ALLFTD-mApp)
battery is designed for FTD observational research and clinical trials,
and includes surveys and measures of motor, memory, and executive
functioning, including gamified versions of classic tests (e.g., Flanker,
2-back) that are sensitive to FTD.1>1¢ The app also features a flexible
infrastructure for designing speech/language tests and capturing
speech samples. Here, we describe the ALLFTD-mApp battery and
study design, and we report on the feasibility and acceptability of
remote smartphone-based data collection in sporadic and f-FTD

cohorts.

2 | METHODS

2.1 | Participants

Participants underwent annual standardized evaluations that included
neurological assessment, caregiver or companion interview, neuropsy-
chological testing (UDS v3.0)7, brain MRI, and biofluid collection.
Diagnoses were made based on multidisciplinary case conferences
according to published diagnostic criteria.>¢18 Disease severity
was defined using the Clinical Dementia Rating Scale plus National
Alzheimer’s Coordinating Center FTLD module (CDR®+NACC-FTLD).
This clinician-administered interview of participants and their study
partners is the gold standard for quantifying FTD disease severity.
Eight subdomain scores were summarized to create a five-point Global
score!?20 and grouped for analyses as O (asymptomatic), 0.5 (prodro-
mal), and 1-3 (symptomatic). The asymptomatic group contained both
healthy controls and asymptomatic f-FTD mutation carriers.??

Data collection occurred in two successive studies. Study 1 was
a pilot study conducted at UCSF from January to March 2020 that
enrolled 20 participants with CDR®+NACC-FTLD scores <1 who
were selected to represent symptomatic FTD, asymptomatic f-FTD,
healthy adults, and study partners. Study 2 was the main observational
study of FTD patients and asymptomatic individuals from f-FTD fam-
ilies with a known C%orf72 expansion or pathogenic/likely pathogenic
mutation in GRN or MAPT. Mutation carriers and non-carrier family
controls were included. Recruitment began in July 2020.

Participants were enrolled through 18 ARTFL/LEFFTDS Longitu-
dinal Frontotemporal Lobar Degeneration (ALLFTD; NCT04363684)
centers. Participants were also recruited through UCSF studies
of FTLD (Advancing Research and Treatment for Frontotempo-
ral Lobar Degeneration (ARTFL; NCT02365922), Longitudinal Eval-
uation of Familial Frontotemporal Dementia Subjects (LEFFTDS;
NCT02372773),22 The 4-Repeat Tauopathy Neuroimaging [4RTNI;
NCT02966145A], and studies of functionally intact older adults.23 Pro-
cedures were approved by the UCSF Institutional Review Board (IRB)
and the Johns Hopkins Central IRB. Consent was obtained from all
participants, legally authorized representatives, and study partners.

Inclusion criteria for the pilot and main studies were: (1) 18 years or
older; (2) sufficient fluency in English to engage with study procedures;

and (3) access to a smartphone (no smartphones were provisioned

Disease Monitoring

RESEARCH IN CONTEXT

1. Systematic Review: The authors reviewed the litera-
ture using traditional sources (e.g., Pubmed), meeting
abstracts, and presentations. Smartphone measures of
cognition, speech, and motor function are increasingly
studied among individuals from across the lifespan with a
range of clinical conditions. No studies were found, how-
ever, that explored the suitability of such measures in the
context of frontotemporal dementia (FTD) research.

2. Interpretation: Our findings suggest that the collection
of a self-administered comprehensive battery of relevant
smartphone measures is both feasible and well-tolerated
by individuals with FTD and healthy controls, opening
new avenues for efficient data collection in FTD research.

3. Future Directions: An evaluation of the reliability and
validity of these smartphone tests will provide cru-
cial information about the utility of these tests in FTD
research and clinical care. Further exploration of factors
that influence initial engagement and sustained adher-
ence will support future implementation efforts in both
longitudinal observational research and clinical trials.

in this study). Participants were asked to complete the tests on their
own smartphones and encouraged to enroll with a study partner who
had at least weekly contact with the participant. Study partners were
required for symptomatic participants.2! Recruitment primarily tar-
geted those with CDR®+NACC-FTLD Global < 1 (mild dementia), but
sites had discretion to enroll more severely impaired participants who
could participate. Exclusion criteria were consistent with the parent
ALLFTD study.

2.2 | ALLFTD Mobile App Overview

ALLFTD Datacubed Health
(www.datacubed.com) to develop the ALLFTD-mApp on Datacubed

investigators  partnered  with
Health’s Linkt platform, which includes (1) a backend interface for
enrollment and participation tracking, and (2) a smartphone app for
participants and study partners available for Android operating system
Version 6+ and iOS 11+. Data are stored securely on an Amazon
Web Service server that is HIPAA, GDPR, and FDA CFR 21 Part 11
compliant.

The ALLFTD-mApp incorporates core reward principles of neu-
roeconomics to maximize participant engagement and retention
(Figure 1A-1C).24 Participants received remuneration upon comple-
tion of each set of tasks. The full list of surveys, tasks, and passive mea-
sures is displayed in Table 1 and tasks are described in Supplemental
Appendix A.
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FIGURE 1 ALLFTD Mobile App overview and task schedule Note. Figure 1A: Participants progress through a virtual world as they complete

tasks. The circle with the “+9” indicates the number of remaining tasks. Part
can create a personalized avatar and gems can be used to purchase accessor

icipants press this circle to access their tasks. Figure 1B: Participants
ies. Gems are received after completing each task. Figure 1C: This is an

example of one of the cognitive tasks, a gamified version of the classic Flanker paradigm. Participants are asked to indicate the direction of the
center duck by pressing the left or right arrow. Figure 1D: This schematic illustrates the pilot and observational study participation schedules. For

an example participant starting the observational study on a Monday, Sessio

n 1 tasks are available for 3 days (Monday-Wed) followed by a

washout day during which no tasks are available (Thursday). A new set of tasks become available in Session 2 (Friday - Sunday), followed by a
second washout day (Monday). The third set of tasks become available in Session 3 (Tuesday - Thursday). Note that tasks were only available for
2-day windows in the pilot study. Pilot participants recommended a longer window to complete tasks, citing the scenario in which the 2-day

window fell on the weekend as a particular barrier to adherence.

2.3 | ALLFTD Mobile App Measures

2.3.1 | Cognitive tests

Participants completed 3- to 5-min gamified versions of classic exec-
utive functioning tasks developed by Datacubed Health: Stroop,2°
Flanker,2¢ 2-back,?” Go/No-Go,2® and Wisconsin Card Sort Test2?

paradigms.1*39 Participants also completed a 4-min adaptive mem-

ory test. Executive functioning and memory are commonly affected by

FTD, including at prodromal stages.16:31-33

2.3.2 | Speech and language tests
Deficits in speech and language are common in FTD.34-3¢ Speech sam-
ples were recorded while participants completed a ~7-minute speech

and language battery.
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TABLE 1 ALLFTD Mobile App battery.

ALLFTD Mobile App Battery

Disease Monitoring

Surveys
Guidance/Feedback Participant Characteristics
Navigating the AppMobile App Experience Technology Familiarity
Cognitive Tests
Executive Functioning Speech & Language Memory Motor Functioning

Card Sort Dysdiadochokinesia Adaptive Memory Test Gait

Stroop Automatic Speech Picture Recall Balance

Flanker Sustained Phonation Finger Tapping

2-Back Spontaneous Speech
Go/No-go Picture Description

Volume Control

Passage Reading

Passive Data

Screen Time
Step Count
App Usage

GPS Location
Battery Life

Note. The current battery of tasks and passive data options available in the ALLFTD Mobile App battery are displayed here. The battery underwent minor
changes throughout the study as additional tests were developed. Descriptions of each task are found in Supplemental Appendix A.

2.3.3 | Motor tests

Participants with FTD can experience a variety of motor changes,
including parkinsonism, dystonia, and motor neuron disease.3’ The
ALLFTD-mApp includes a 3- to 5-minute motor battery including tests
of gait, balance, and finger tapping modeled after previously validated

smartphone measures.38:3?

2.34 | Surveys

1. Technology Familiarity: asked about frequency of and confidence in
smartphone use, ownership and use of a tablet or computer, use of
a screen protector, and phone condition.

2. Navigating the App: immediately following enrollment, participants
were asked questions about the ALLFTD-mApp procedures and
could choose to review information.

3. Mobile App Experience: administered at the end of each testing
session, this survey assessed the acceptability of study design. The
first available response from each participant was included in this
report.

The Navigating the App and Mobile App Experience surveys were
designed using principles of the Capability, Opportunity, and Motiva-
tion Behavior Change Theory.*°

2.4 | Procedures

24.1 | ALLFTD Mobile App procedures

Participants were asked to enroll in the ALLFTD-mApp study within
90 days of their annual ALLFTD study visits. Site research coordina-
tors assisted participants with ALLFTD-mApp download, setup, and
orientation.

Participants were asked to complete the first task with the coor-
dinator present, either in person or through video call. All other
tasks were self-administered in a predefined order. Participants were
given detailed instructions to minimize distractions when taking tests
at home. Study partners of symptomatic participants were asked to
remain present during participation to help navigate the ALLFTD-
mApp but not to assist with task completion. Written take-home
instructions were provided.

The ALLFTD-mApp visit was divided into three assessment periods,
referred to as “Session,” which were spread over the course of 8-12
days (see Figure 1D for schedule). Each Session consisted of a 25- to 35-
min task battery, a reduction in time relative to the >1 hour cognitive
testing sessions that are part of standard ALLFTD procedures. Most
measures were repeated in every Session to potentially improve task
reliability*? and to assess test-retest reliability and practice effects.
This triplicate of Sessions is being administered every 6 months for
the duration of the ALLFTD study, but only the baseline triplicate was

analyzed in the current study.
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Participants received push notifications at the arrival of tasks in
each Session and 24-hours prior to the end of the Session if any
tasks remained incomplete. All task data were collected remotely and
unsupervised except for some participants in the pilot study (detailed
below). Some UCSF participants were incentivized with $25 at 6
months and 1 year for > 50% adherence. Starting in March 2021 under
a separate IRB approval, ALLFTD participants were incentivized with
$20 Amazon gift codes, automatically sent using the in-app inbox, after
completing all tasks within a Session for a maximum payment of $60 for
each triplicate.

Study partners also downloaded a version of the ALLFTD-mApp on
their phone and were asked to complete several surveys: (1) Revised
Self-Monitoring Scale,*2 (2) Corticobasal Functional Scale,** (3) Zarit
Burden Inventory,** (4) Technology Familiarity, and (5) a study partner
experience survey. Study partners received notifications when partic-
ipant tasks were available. Study partner data are not included in this

report.

2.4.2 | Additional pilot study procedures

Pilot participants completed all tasks in the first Session with a coordi-
nator present (in-person or virtually), and feedback was gathered from
a subset (N = 16) in which participants discussed aloud their expe-
rience with the ALLFTD-mApp interface, instructions, and tasks.*>4¢
Participants were asked to read all task instructions aloud and rank (6-
point Likert) the comprehensibility of the instructions (1 = very difficult
to understand, 6 = very easy) and cognitive test difficulty (1 = very
difficult to complete, 6 = very easy). Participants and study partners
were then interviewed over the phone after the third Session to invite
feedback.

2.5 | Statistical analysis

Pilot data and main study data were analyzed separately. Differencesin
continuous demographic variables (e.g., age, education) and cognitive
task scores by disease severity were explored using linear regres-
sion and pairwise t-tests with Tukey adjustment when the omnibus
test was significant. Age, sex, and education were entered as covari-
ates in models comparing cognitive test scores. For frequency data
(e.g., sex, race), chi-squared difference tests were used. Adherence was
defined as the proportion of tasks completed of the total tasks avail-
able. Seven main study participants who did not complete any tasks
(all CDR®+NACC-FTLD global > 0) were dropped from analyses. Six
additional participants were excluded from adherence analyses due to
a software error that impacted task completion, including four task
crashes and two cases of tasks not arriving on schedule. Responses
to the two technological familiarity questions were summarized into
a single binary variable, such that cases endorsing both daily smart-
phone use and highest confidence level were denoted as a “high”
familiarity score and any other responses were considered “low.” To
explore whether familiarity was affected by disease severity, logis-

tic regression models were fit with binary smartphone familiarity as

the outcome and CDR®+NACC-FTLD global score as the predictor.
A logistic regression model was fit in asymptomatic participants using
age, sex, and education as predictors to understand the relationship
between demographics and smartphone familiarity. Adherence was
compared between levels of disease severity using linear regression
with age, sex, and education as covariates. Adherence was further
described in a subsample who completed at least 25% of all tasks.
This cutoff suggests adequate understanding and engagement with
the study, with many of the participants completing at least one full
testing session. Linear regression was used to explore differences in
adherence among asymptomatic participants by age, sex, and educa-
tion. Adherence stability across app Sessions was explored using linear
mixed effects models with random slopes and intercepts with adher-
ence as the outcome and Session as the predictor. This model was fit
first in the entire sample and then separately in asymptomatic individ-
uals adjusting for age, sex, education, and interaction terms between
Session number and demographics. All analyses were performed with

R software version 4.2.0.

3 | RESULTS
3.1 | Pilot study
3.1.1 | Participant characteristics

The pilot study enrolled 20 participants, including 10 clinically normal
older adults, 6 asymptomatic participants from f-FTD families, and 4
symptomatic participants. Participant characteristics are summarized
in Table 2. Participants completed 88.5% of all available tasks and
81.3% of the remote, self-administered tasks (Sessions 2 and 3).

3.1.2 | Cognitive pretesting

Participants ranked the clarity of cognitive task instructions and task
difficulty as 4.94/6 (6 = very clear) and 4.23/6 (6 = very easy), respec-
tively. Participant feedback prompted several modifications to the
ALLFTD-mApp’s design and schedule configuration prior to initiating
the main study, including: (1) increased font size, (2) introduction of
in-app payments with Amazon gift codes, (3) removal of difficult tasks
for participants with CDR®+NACC-FTLD > 0.5, (4) modifications to
standard operating procedures and take-home instructional materials,
and (5) increased Session duration to 3 days to provide more time to

complete tasks. Table S1 contains individual task feedback.

3.2 | Main study

3.2.1 | Participant characteristics

The main study enrolled 194 participants. Characteristics are displayed

in Table 2. The sample was 53.4% female, average education was 16.5
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FIGURE 2 Smartphone Familiarity Survey. Note. Technology Familiarity survey responses from 154 participants with a known
CDR®+NACC-FTLD score were plotted. The number of participant responses is counted on the y-axis, and the bars are color coded by disease
severity (CDR®+NACC-FTLD). The percent of all participants who selected the response option, regardless of COR®+NACC-FTLD, is displayed
at the top of each bar. Most participants indicated they use their smartphones multiple times per day (A) and are either confident in using their
smartphone or it depends on the task (B). All participants who were not daily users or not usually confident in using their device were prodromal or
symptomatic. CDR®+NACC-FTLD = Clinical Dementia Rating Scale plus National Alzheimer’s Coordinating Center Frontotemporal Lobar

Degeneration module.

years, and the average age was 55.2 years with a wide range (20 -
84). Of the 182 participants with known CDR®+NACC-FTLD scores,
nearly half (48.9%) were asymptomatic. The remaining participants
were prodromal (24.7%) or symptomatic (26.4%). Most diagnosed
cases had bvFTD (33.7%), followed by PPA (21.1%) and mild cognitive
or behavioral impairment (20.0%). Genetic data were available from 87
participants; of those, most f-FTD mutations were in C9orf72 (N = 22)
followed by MAPT (N = 13) and GRN (N = 5). Most participants used
iPhones (71.7%).

3.2.2 | Technology familiarity

Frequency of smartphone use was high among the 171 participants
who completed the Technology Familiarity Survey; 91.8% reported
using their smartphone more than once per day (> daily). Most par-
ticipants (91.8%) expressed either consistent confidence in using their
smartphone (66.7%) or confidence depending on the task (25.1%). The
percentages of individuals reporting > daily smartphone use among
asymptomatic (N = 78), prodromal (N = 39), and symptomatic individ-
uals (N = 42) were 100.0%, 92.3%, and 76.2%, respectively (Figure 2).
Notably, 24/27 bvFTD cases reported > daily smartphone use. Table
S2 provides a summary of all survey responses by diagnostic group.
Compared to asymptomatic participants, the odds of high “smartphone
familiarity” were lower among prodromal (odds ratio [OR] = 0.32,
95% confidence interval [CI] [0.13, 0.77], p = 0.01) and symptomatic
(OR =0.10, 95% CI[0.04, 0.23], p < 0.01) participants. Among asymp-
tomatic individuals, each decade increase in age was associated with
lower smartphone familiarity (OR =0.47,95% CI[0.27,0.76],p < 0.01).
While not reaching statistical significance, beta coefficients and con-
fidence intervals suggest that smartphone familiarity may have been
higher among asymptomatic males (OR = 3.38, 95% CI [0.80, 18.99],

p=0.16) compared to females. Years of education was not significantly
associated with smartphone familiarity (OR = 1.13, 95% C1[0.80, 1.59],
p=0.55).

3.3 | Feasibility
3.3.1 | Navigating the App

On average, participants (N = 148) elected to view more information
for 2.25/10 questions related to ALLFTD-mApp procedures. Asymp-
tomatic (N = 75), prodromal (N = 33), and symptomatic (N = 34)
participants viewed additional information from 1.9, 2.8, and 2.7 ques-
tions, respectively (Figure S1). Most viewed were descriptions of where
to locate Amazon gift codes (38.1% of respondents viewed) and notifi-
cation schedule (30.4%), while least-viewed items were how to log in
(4.8%) and earn gift codes (14.4%).

3.3.2 | Adherence (proportion of tasks completed)

Participants completed 70.3% of all available tasks. Asymptomatic,
prodromal, and symptomatic participants completed 71.4%, 78.4%,
and 59.0% of available tasks, respectively. Adherence in asymptomatic
participants did not differ statistically from prodromal participants
(beta: 7.8%, 95% Cl [—-5.4%, 20.9%], p = 0.25) nor symptomatic par-
ticipants (beta: —12.3%, 95% Cl [-26.5%, 2.0%], p = 0.09), though
adherence in symptomatic participants was significantly lower than
prodromal participants (beta: —20.1%, 95% Cl [-34.6%, —5.5%],
p = 0.007). Average adherence among participants who completed >
25% of available tasks (N = 154) was 81.0% (asymptomatic = 83.0%
(N =75), prodromal = 84.0% (N = 38), symptomatic = 74.3% (N = 30)).
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Participants who initiated batteries tended to complete all available
measures (72.9% of batteries fully completed), further explored by
disease severity in Table S3. Among asymptomatic participants, adher-
ence was 14.6% higher among females compared to males (95% Cl
[6.5%, 22.7%), p < 0.01). Neither age (beta = 0.2%, 95% Cl [-0.1%,
0.4%], p = 0.23) nor education (beta = 0.4%, 95% CIl [-1.6%, 2.4%],
p = 0.70) were significantly associated with adherence.

Average adherence decreased across successive Sessions by 10.0%
(95% Cl [-13.3%, —6.7%], p < 0.01), though this was not statistically
significant among asymptomatic participants (beta = —18.5%, 95% Cl
[-21.4%, 58.5%],p = 0.37).

3.4 | Acceptability

3.4.1 | Mobile App experience

This survey was administered to 123 participants who completed at
least one Session. Figure 3 displays survey results for 113 respon-
dents with known CDR®+NACC-FTLD. Using a 5-point scale, most
respondents (93.5%) ranked the clarity of task instructions to be 3
(Neutral) or better. Seven of eight participants who rated the instruc-
tions as unclear/somewhat unclear were prodromal or symptomatic,
and the two who rated the instructions as unclear were diagnosed with
semantic variant PPA (Table S2). Participants reported a range of per-
ceived difficulty in completing the tasks, though only 4.1% considered
the tasks very difficult (all CDR®+NACC-FTLD global > 0). Nearly
all participants reported that the text size was comfortable to read
always (89.4%) or most of the time (9.8%). Most participants (97.6%)
reported that the time required to complete the tasks was acceptable,
and 15.8% reported they would consider committing more time. Close
to half (43.9%) reported that they would attempt to complete all tasks
infuture Sessions in one sitting, whereas 44.8% planned to spread their
participation across multiple days.

3.5 | Cognitive test scores

Summary metrics for the executive functioning and memory tasks are
displayed in Table 2. Greater disease severity (CDR®+NACC-FTLD)
was associated with stepwise declines in performance across all smart-
phone tests (p-values < 0.001). In contrast, asymptomatic participants
performed significantly better than symptomatic on the MoCA, but

neither group differed from prodromal participants.

4 | DISCUSSION

Remote data collection using the ALLFTD Mobile App (ALLFTD-
mApp), a comprehensive battery of cognitive, speech/language, and
motor tasks, is both feasible and generally well accepted in the
context of multicenter FTD research. Although some differences

in familiarity were observed between age and diagnostic groups,

smartphone familiarity was generally high among all participants,
including older adults and symptomatic participants, mirroring recent
findings showing high acceptability and adherence in older adult
populations.*”=4? Participants considered the time commitment to
be acceptable, and many endorsed a willingness to complete addi-
tional tasks. Task completion rates were acceptable and consistent

with studies in similar populations*’48

. Preliminary group compar-
isons suggest that the ALLFTD-mApp cognitive tests are sensitive to
increasing disease severity, even in the mildest stages (CDR®+NACC-
FTLD Global = 0.5 vs. 0), which was not observed for the MoCA.
Together, these findings suggest that the ALLFTD-mApp may help
address recruitment challenges in FTD research and facilitate more
frequent longitudinal assessments.

Participants completed most tasks (70%), although a dichotomy in
adherence rates (proportion of tasks completed) was observed, such
that in the ~ 80% of the sample who completed at least 25% of
tasks, adherence was high (81.0% of total tasks), whereas adherence
was < 10% in the remainder of the sample. Furthermore, comple-
tion rates declined across testing sessions, particularly in symptomatic
cases, suggesting sustained engagement in this group may require
adjustments to the study protocol. Adherence and retention is a well-
known hurdle to conducting remote and unsupervised longitudinal
research®®°1 and has ranged widely (60%-100%) in prior studies of
smartphone testing batteries.*”-°2-34 Our adherence rates are similar
to other studies of smartphone cognitive measures among non-FTD
cohorts with similar testing volume, and notably, our study population
included individuals with dementia (CDR®+NACC-FTLD > 0.5)4748,
Additionally, greater perceived benefit of participation, such as when
smartphone testing is integrating into a clinical trial, may improve
adherence.>>>® We plan to conduct participant interviews to identify
strategies for improving adherence and longitudinal retention in this
study population.

Participants reported the task instructions were clear, the difficulty
level was variable, and the burden (~30 min, three replicate batteries,
over 2 weeks) acceptable, with many participants willing to com-
mit additional time. Although adherence, technology familiarity, and
acceptability responses were generally high among symptomatic indi-
viduals, this group also reported most of the lowest levels of responses
in each category, indicating usability was affected by clinical stage. Fur-
ther work is warranted to improve feasibility and acceptability among
participants with dementia. Incorporating the voice of the patient and
their family is critical for digital tools to be effective in clinical studies>’
and to align with participants’ preferences regarding the use of digital
biomarkers in FTD research and clinical care.

There are several limitations to this work. First, we remained
blinded to mutation status; there may be informative differences
between asymptomatic f-FTD mutation carriers and non-carriers.
Second, although we recruited a geographically diverse sample, all
participants resided in the United States and represented limited
ethnocultural, socioeconomic, and language diversity. At the time
of this study, only participants who spoke English with smartphone
access were able to participate, limiting the generalizability of these

findings. Given that clinical trials in FTD, particularly familial forms,
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Lobar Degeneration module.

will likely require global recruitment, we are preparing for global
studies by translating the app into different languages, considering
cross-cultural threats to validity, and developing the workflow for
provisioning smartphones to participants who need them. Finally,
detailed reasons that participants were not enrolled was unavail-
able at the time of this study, but these data are being collected
prospectively.

In summary, this study demonstrated the feasibility and accept-
ability of the ALLFTD-mApp within a multicenter observational study
of FTD. Remote smartphone batteries such as the ALLFTD-mApp
may become valuable tools for increasing enrollment in FTD research
by enabling participation of those traditionally unable to complete
in-person visits due to transportation challenges or features of the
disease (e.g., apathy, motor impairment). Future studies will investi-
gate the reliability and validity of these measures to understand their
utility for early detection and monitoring of the clinical features of
FTD.
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