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Abstract

Background: Digital platforms disseminating health information and providing support for the experience of non-memory-led
dementias (NMLDs) are invaluable. However, the factors influencing engagement with these resources in people affected by
NMLDs are poorly understood. We conducted the world’s largest survey exploring the experience of digital access in NMLDs
to learn directly from people with a diagnosis, their care partners, and NMLD health care professionals (HCPs).

Objective: This study aimed to determine factors associated with digital health and well-being resource use in people with
NMLD and their care partners and investigate differences in digital health and well-being resource use according to NMLD
subtype.

Methods: Individuals diagnosed with NMLD —for example, those with frontotemporal lobar degeneration, posterior cortical
atrophy (PCA), and primary progressive aphasia (PPA)—their care partners, and NMLD HCPs (N=450) responded to the
survey. A subset of care partners provided two responses (carer-related and proxy), generating 4 survey groups with responses
(N=538). The survey included demographics and basic clinical information, the outcome measure of usage behavior, and
factors including constructs from the Short Senior Technology Acceptance Model (Short STAM) and additional constructs
informed by a combination of previous literature and consultation with NMLD experts-by-experience (anxiety and depression
[Patient Health Questionnaire—4-item], instrumental activities of daily living, web-related privacy and security concerns, and
digital health literacy). Separate multiple linear regressions were run for each survey group to elucidate which variables
predicted higher use of digital health and well-being resources. The use of digital resources for health and well-being was also
explored across 3 NMLD subtypes: frontotemporal dementia (FTD), PPA, and PCA.

Results: Attitudinal belief was consistently the strongest predictor of digital health and well-being resource use in people
with NMLD as well as caregivers and proxy respondents. Control belief was significantly associated with higher digital health
and well-being resource use in the NMLD and proxy groups; a trend was observed in the carer group. The adjusted R? range
(63.0%-70.8%) denotes the variance in digital health and well-being resource use accounted for in the 3 models. Lower digital
health and well-being resource use was associated with FTD diagnosis and caregiver groups relative to PPA and PCA.

Conclusions: Collectively, these findings indicate several factors are critical to consider when designing digital health and
well-being resources for people with NMLD and their caregivers, in particular targeting practical and emotional perceptions
of digital resource use for health and well-being. This should be undertaken in combination with design considerations that
address condition-specific cognitive profiles encountered by those living with NMLD diagnoses and those who care for them.
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Introduction

Background

Dementia is an umbrella term encompassing several diseases
that cause progressive cognitive and functional decline,
affecting over 57 million people worldwide, with 10 million
new cases diagnosed each year [1]. While pharmacological
therapeutic interventions are available for some forms of
dementia, access remains inconsistent, and many individuals
living with a dementia diagnosis—as well as their care-
givers—rely heavily on psychosocial support and commun-
ity-based services. eHealth and digitally delivered services
designed for people affected by dementia are both an
appealing way to disseminate relevant information and
provide virtual opportunities for dementia care in the context
of stretched resources (thus reducing reliance on geographical
proximity to in-person services). The COVID-19 pandemic
catalyzed a rapid shift toward digital health and well-being
tools, accelerating the transition from paper-based and
in-person community support provision to virtual platforms
[2]. This shift opened numerous possibilities for demen-
tia care, including increasing accessibility to dementia-rela-
ted support groups [3]. Emerging evidence suggests that
individuals with dementia and their caregivers engage with
technology in similar ways, indicating that both audiences
benefit from digital health and well-being provision [4].

The most common form of dementia is Alzheimer disease,
with the majority of individuals presenting with episodic
memory impairment as an early symptom [5]. However,
a substantial proportion of people with dementia present
with initial symptoms other than memory complaints. For
example, individuals with an atypical variant of Alzheimer
disease, posterior cortical atrophy (PCA), exhibit early visual
dysfunction [6]. Changes in behavior and personality are
characteristic of behavioral variant frontotemporal demen-
tia (bvFTD [7]); language production and comprehension
are a hallmark of the primary progressive aphasias (PPA
[8]); and sudden-onset mood disorders are often accompa-
nied by hallucinations in dementia with Lewy bodies [9].
These atypical presentations, collectively referred to as non—
memory-led dementias (NMLDs), pose unique challenges for
individuals with a diagnosis and their caregivers. In addition,
symptoms often emerge before the age of 65 years (consid-
ered a young-onset dementia) with consequent implications
for finances, work, and family [10]. The relative rarity of
these conditions contributes to limited postdiagnostic service
provision and low primary care professional and public
awareness [11], while their geographical dispersion further
complicates access to relevant face-to-face services [12].
Many of these challenges can be mitigated through virtual
platforms, which can enable expert-led interventions [13] and
peer support across geographical regions [14]. Capacity for
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digital engagement is high in people with NMLD as well as
caregivers, owing to the fact that many affected individuals
are younger than 65 years; in 2019, 73.9% of individuals aged
between 50 and 64 years in England used the internet every
day [15].

While digital services are a promising platform to
meet the specific needs and reach of people affected by
NMLDs, the factors influencing engagement with digital
health and well-being resources—specifically among people
living with NMLDs and their caregivers—remain underex-
plored, representing a critical gap in the literature. While
digital platforms (eg, websites and videoconferencing) offer
promising avenues for support, their usability may be directly
affected by specific clinical and neuropsychological profiles
associated with NMLDs. For example, anosognosia (lack
of insight), which is characteristic of bvFTD, may influ-
ence likely engagement with condition-specific health and
well-being materials if the individuals do not perceive
themselves as having a disease. NMLD caregivers, too, face
distinct potential barriers to digital health and well-being
engagement. These include limited time to source and access
digital health and well-being information due to demanding
caregiving roles, often compounded by a lack of recogni-
tion or support from professionals and the broader public;
insufficient privacy to participate in virtual support groups;
and the emotional strain of navigating complex and fre-
quently misunderstood symptoms. Understanding the specific
factors associated with NMLD digital health and well-being
resource use will optimize NMLD-specific digital resource
and intervention design, maximizing subsequent engagement
and uptake from the audiences with NMLD they aim to
support.

Previous models explaining variance in technology use
and behavioral intention to use technology have sought
to do so in a consumer context, such as the Unified
Theory of Acceptance and Use of Technology (UTAUT
[16]), the revised version of which explains up to 74%
of behavioral intention to use technology and 52% of
actual use [17]. Combining this with another predominant
model for workplace technology use (Technology Accept-
ance Model [18]), Chen and Chan [19] developed a 38-
item seniors-focused model to understand gerontechnological
acceptance by older people from Hong Kong. Alongside
original constructs pertaining to attitudinal beliefs and control
aspects, Chen and Chan [19] included additional constructs
of age-related health and independent capabilities, revised in
a shortened version of the Short Senior Technology Accept-
ance Model (14-item; Short STAM), which demonstrated its
accuracy in relation to assessing the propensity of individ-
uals older than 55 years to engage with new technology,
appropriate for dementia populations with a lower age of
onset and their caregivers [20]. Low variance for the Short
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STAM (14-item) explaining technology usage behavior in
subsequent studies [21] indicates other population-specific
factors that may be important to consider when examining
factors contributing to technology-use behavior in NLMDs.
Qualitative work focusing on technology use in older adults
with hypertension, for example, highlights other factors
potentially influencing engagement, such as privacy concerns
[22]. This factor may even be arguably more pertinent for
studies exploring technology usage behavior in dementia
populations, owing to acknowledged vulnerability to financial
and technological scams and for people with NMLDs in
the necessity to divulge sensitive category data by virtue
of explaining symptoms (eg, a person living with poste-
rior cortical atrophy disclosing their clinical phenotype to
allow for reasonable adjustments to be made). Additional
aspects influencing digital health and well-being resource
use in people with NMLDs may include factors related
to major neurocognitive changes (eg, changes in instrumen-
tal activities of daily living), shared experiences between
people with dementia and their caregivers (eg, anxiety and
depression), and more recently identified constructs such as
digital health literacy that were not included in the Short
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STAM (14-item) model. Informed by these current models of
technology use, we conducted the first quantitative study to
our knowledge exploring these and additional constructs in
people living with NMLDs and their caregivers (see Figure
1). We included subconstructs and item numbers from the
Short STAM, the selection for which was derived from a
sequential item-reduction strategy and confirmatory factor
analysis of prior models (original STAM-38 items [19]).
Standardized parameter estimates for interconstruct correla-
tions for the Short STAM (14-item) are reported in full in the
study by Chen and Lou [20]. The right-hand block indicates
additional constructs added to the digital access survey in
this study, with variable selection guided by technology-use
investigations in other clinical cohorts [22] and patient and
public involvement (PPI) consultation with NMLD experts-
by-experience. Aligned with our focus on flexible health care
provision, we focused on technology use relating to digital
platforms providing resources in the domains of health and
well-being (eg, websites, Zoom [Zoom Video Communica-
tions]) and remained agnostic to mode of access (eg, whether
accessed via smartphone, tablet, or computer).
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Figure 1. Construct of a map detailing the domains within the digital access survey. A: attitude toward aging; ATT: attitude toward using technology;
C: cognitive ability; H: self-reported health conditions; FC: facilitating conditions; PEOU: perceived ease of use; PU: perceived usefulness; S: social
relationships; SE: gerontechnology self-efficacy.
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survey responses, collected between March 2023 and
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for analysis of participation issues affecting people with
NMLD, which was computed at n=385 (assuming 10
predictors; power=90%; R?=0.33; a=.05). Taking a conserva-
tive approach, the minimum sample size for the 10 candi-
date predictor variables would be 385 (assuming outcome
prevalence=50%, margin of error in intercept estimation =5%,
5% acceptable difference in apparent, and adjusted R?> of
0.2). Survey response N exceeds sample size owing to a
group of carers providing 2 responses, one relating to their
own experiences and proxy responses for the person with
NMLD. Participants included 63 people with a diagnosis of
NMLD, 269 carer reporting on their own digital health and
well-being resource use, 105 proxy responses, and 101 health
care professionals (HCPs).

Survey Design and Measure Selection

The study was based on a cross-sectional questionnaire,
using a participant-report approach. The survey was carefully
designed to consider ease of administration and reduce
participant burden where possible, in consultation with HCPs
experienced in working with people with NMLD as well
as caregivers and proxy respondents (eg, consultant neu-
rologists, clinical psychologists, academic researchers, and
support workers), and the Rare Dementia Support PPI group,
comprising people living with and alongside NMLDs.

The theoretical constructs proposed for the survey were
based on a rapid scoping review of studies exploring
information and communication technology adoption and
usage among older adults. Three theoretical models were
identified as relevant for this study: (1) the UTAUT [16], (2)
the Technology Acceptance Model [18], and (3) the Senior
Technology Acceptance Model (STAM [19,20]). A variety of
proposed measures were initially circulated in full to HCPs
with relevant expertise in NMLD, PPI leads from two NMLD
research studies, and the Rare Dementia Support PPI group.
Following PPI consultation and feedback relating to length
and potential participant burden, scale selection was finalized
with the objective of balancing research requirements with
participant burden and accessibility for people living with
NMLDs. The questionnaire was available in English. The
finalized survey scale items are outlined in full in the Table
S1 in Multimedia Appendix 1 and described further below.

Outcome Measure: Usage Behavior

Usage behavior (UB) was measured using participant-repor-
ted technology use (TU) and behavioral intention to use. TU
was measured by establishing frequency of use within the 3
months prior to data collection (7-point Likert scale, ranging
from “not at all” [0] to “multiple times a day” [6]). Behavioral
intention reflected a measure of usage behavior validated in
previous work via participant report of 3 questions relating
to intention to use technology, responses to which were
established using a 10-point Likert scale (“disagree strongly”
to “agree strongly” [17]). Usage behavior was calculated as
a composite score of TU scores (where 0-6 frequency scores
were rescaled as dummy variables) and behavioral intention
to use scores (total score rangepgy: 3-30), resulting in a total
UB score range of 3-36 reflecting past use frequency and
intention to use in the future. Higher scores indicate greater
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usage behavior of digital resources for health and psycholog-
ical well-being in the surveyed population. Summing user
variables to compute a composite outcome measure and
subsequently treating this as a continuous outcome aligns
with previous approaches in the literature using the UTAUT2
[17] and STAMs to assess smartphone and technology use in
older adults [17,19,23].

Factors and Constructs

Predictors comprised constructs validated in the Short
STAM 14-item (attitudinal beliefs, n=3; control beliefs, n=4,
gerontechnology anxiety, njiems=2; health, njems=5), which
has been shown to explain up to 81.5% variance of actual
technology usage in older adults [20]. Additional measures of
depression and anxiety (Patient Health Questionnaire—4-item
[PHQ-4]; [24]), instrumental activities of daily living [25],
web-related privacy and security concerns (njems=6 [26])
and the Digital Health Care Literacy Scale (njems=3 [27])
were added to this survey following consultation of other
technology-use studies in clinical older adult cohorts [22] and
PPI consultation with NMLD experts-by-experience to further
characterize the sample and explore their potential influence
on technology use in people with NMLD as well as caregiv-
ers and proxy respondents. Likert scales were used for all
scale responses, preserving the parameters and scale numbers
according to each scale’s administration instructions.

Adaptation and Procedure

PPI consultation resulted in several adaptations being
incorporated into the final survey. This included using the
standardized phrase “web-based resources (eg, Zoom and
websites) for your health and psychological well-being”
across the scales, replacing varying terms such as “mobile
Internet,” “ICT,” and “technology,” to create an accessible
term that captured the digital platforms of interest in this
study and reduce the number of questions. In addition, online
survey branching was introduced to ensure participants would
view only the questions relevant to their experience, thus
reducing completion time and participant burden.

The finalized scales were uploaded to Qualtrics and
replicated in a hard-copy version where preferred. Four
survey types were developed to tailor the questions to
different possible NMLD experiences:

1. NMLD: for people living with a diagnosis of NMLD;

2. Proxy NMLD: for family members or friends of
individuals with NMLD who provided proxy responses;

3. Proxy HCP: for HCPs who provided a proxy response
on behalf of a person with NMLD who had capacity to
access online resources;

4. Care partners: for family members or friends of those
with a diagnosis of NMLD.

All electronic surveys were tested for technical functional-
ity before data collection took place. Surveys were admin-
istered to individuals with experience of the following
non-memory-led and young-onset dementias: Frontotempo-
ral lobar degeneration (behavioral variant frontotemporal
dementia; primary progressive aphasias [semantic variant
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primary progressive aphasia; nonfluent variant primary
progressive aphasia]), atypical Alzheimer disease (poste-
rior cortical atrophy; logopenic variant primary progressive
aphasia); dementia with Lewy bodies, inherited demen-
tias (familial frontotemporal dementia; familial Alzheimer
disease) and young-onset Alzheimer disease.

Variable Derivation and Statistical
Analysis

Data cleaning and item scoring were undertaken in SAS (SAS
Institute) and RStudio (Posit). For analysis purposes, clinical
phenotypes were pooled to reflect broad similarities in the
presenting symptoms’ cognitive domains. For example, the
primary progressive aphasia subtypes (semantic, logopenic,
and nonfluent variants, where specified) were subsumed
under the label “PPA” to characterize digital health and
well-being resource use for individuals with predominant
language impairments. Where non—memory-led conditions
were either reported to be copresenting (eg, frontotempo-
ral dementia with dementia with Lewy bodies), individu-
als presented with other syndromes such as young onset
Alzheimer disease or vascular dementia, or group sizes
precluded condition-specific analyses (eg, individuals living
with progressive supranuclear palsy; n=2), these were labeled
as “Other.”

Demographic information stratified by survey group is
outlined in Table 1. To facilitate comparison across scales,
composite scores were normalized, creating z scores for
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outcome and predictor variable responses. To elucidate which
factors may be associated with higher usage of digital health
and well-being resources, a linear multiple regression was
fitted using the UB composite variable as an outcome.
Separate multiple regressions were undertaken for each
survey type (NMLD, Proxy, HCP, and Carer). To understand
whether FTD, PCA, and PPA subtypes were associated with
different usage behavior, a robust linear model was under-
taken using the UB composite variable as the outcome, with
diagnostic category as the main predictor variable and age
and gender as covariates. This model was run twice; once
collapsing the NMLD and proxy groups and once modeling
FTD, PPA, and PCA carers only. Standardized coefficients,
95% Cls, and related significance values (where P<.05) are
reported for each predictor. The default approach within
the Im function in R (R Foundation for Statistical Comput-
ing) handles missing data by performing listwise (complete
case) deletion. Therefore, cases with any missing data on
the predictors were excluded from the regression model.
The number of observations for each group is outlined in
Multimedia (Table S2 in Multimedia Appendix 1). Acknowl-
edging the smaller sample size, particularly in the NMLD
group, model residuals were assessed for normality using
statistical tests (Kolmogorov-Smirnov) and visual inspection
via Q-Q plots. Testing for multicollinearity by calculating
variance inflation factors for variables within each model
confirmed that all variance inflation factor values were
satisfactory (<5).

Table 1. Demographic characteristics and normalized survey scores, split by survey type.

Participant group NMLD?* (N=63)

Proxy NMLD (N=105)

Proxy HCPP (N=101) Care partners (N=269)

Basic demographic and clinical information

Age (years), mean (SD) 63.49 (10.54) 67.72 (9.80) 48.79 (11.52) 61.85 (12.88)
Sex (male), n (%) 30 (47.62) 55(52.38) 77 (76.24) 192 (71.91)
Ethnicity (White), n (%) 62 (100.00)° 99 (95.19) 88 (87.13) 251(93.31)
Time since diagnosis (years), mean (SD) 3.39(3.05) 3.51 (4.70) —d 3.87 (3.75)
Time since symptoms noticed (years), mean (SD) 5.74 (3.75) 5.97 (3.61) — 6.81 (4.41)
Dementia subtype, n (%)
FTD® 12 (19.05) 33(3143) 17 (16.83) 88 (32.71)
PPAf 15 (23.81) 21 (20.00) 67 (66.34) 74 (27.51)
PCAZ 28 (44.44) 38 (36.19) 2(1.98) 72 (26.77)
DLBP 0 (0.00) 7(6.67) 1(0.99) 12 (4.46)
Other 8 (12.70) 6(5.71) 14 (13.86) 23 (8.55)
Survey completion format, n (%)
Online 51 (80.95) 99 (94.29) 101 (100.00) 204 (76.40)
Digital health resource use (ever use = yes) 51 (80.95) 55(52.38) — 217(80.67)
Scale scores mean raw scores (SD)
Digital resource use (Composite) 22.81(10.29) 8.91 (9.20) 13.88 (6.35) 22.16 (9.11)
Attitudinal beliefs 19.84 (8.98) 9.28(7.22) 21.12 (5.35) 19.66 (7.25)
Control beliefs 27.78 (943) 16.68 (8.46) 21.74 (5.75) 32.72 (6.39)
Gerontechnology anxiety 10.28 (6.31) 13.01 (6.83) 12.30 (3.78) 6.26 (5.06)
Health 34.44 (8.88) 2597 (945) —d 35.95(7.55)
PHQ-4! 425 (3.16) 5.57(3.73) — 3.93(3.20)
Instrumental activities of daily living 14.88 (7.19) 5.86 (6.34) — 23.15(2.90)
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Participant group NMLD?* (N=63)

Proxy NMLD (N=105)

Proxy HCPP (N=101) Care partners (N=269)

19.28 (10.43)
593 (4.77)

Online security and privacy concerns

Digital literacy

17.56 (10.32)
0.89 (2.14)

23.04 (11.32)
10.03 (2.82)

20.15 (7.14)
404 (2.52)

4NMLD: non-memory-led dementia.
PHCP: health care professional.
dDoes not reflect total N owing to missing data.
eN ot applicable.

FTD: frontotemporal dementia.

PPA: primary progressive aphasia.
pCA: posterior cortical atrophy.
; DLB: dementia with Lewy bodies.

PHQ-4: Patient Health Questionnaire-4 item.

Ethical Considerations

Ethical approval was obtained from the University College
London (UCL) Research Ethics Committee (8545/004: Rare
Dementia Support Impact Study [28]). Potential participants
were identified by one of two mechanisms: (1) membership
of the UCL-led Rare Dementia Support [29], or (2) member-
ship of the Dementia Research Center participant database.
Members of both received email correspondence containing
a link to the participant information sheet, online consent
form, and survey. To ensure we included individuals who
may not use digital health and well-being resources, the
e-invitation was supplemented by brief research reminders
in several in-person support group meetings, where attendees
had the opportunity to read the participant information sheet
and ask clarifying questions to the research team, provide
written informed consent, and complete a hard copy version

of the questionnaire (including a version adapted for posterior
cortical atrophy in consultation with a specialist NMLD
neuropsychologist).

Results

The final sample comprised 538 responses from 450
individuals (354 women, 92.9% White; mean age 60.75, SD
13.29 years; see Figure 2). All collected entries were used
to calculate the overall survey completion rate (94.1%). A
small proportion (0.74%-3.39%) of data were missing in
the remaining survey group datasets, the highest proportion
observed for people living with an NMLD response data. Full
characteristics of the sample are shown in Table 1, split by
NMLD condition and participant group.

Figure 2. Flowchart depicting response exclusion and final sample selection.

Survey responses collected (N=572)

Initial data inspection for missingness or partial
| responses (N=34)
. Missing diagnosis information (N=2)
. No scorable predictive factors (N=32)
A 4
Final sample for onward analysis
(N=538)

Model outputs are available in Table S2 in Multimedia
Appendix 1. A higher use of digital resources for health and
well-being for NMLD responders was moderately associ-
ated with higher attitudinal beliefs (eg, thinking that digital
resources might be helpful) (f=43, 95% CI 0.24-0.63;
P<.001), followed by control beliefs (eg, perceived ease of
use; =30, 95% CI 0.05-0.54; P=.02). Adjusted R? values
indicated the model accounted for 69.3% of the variance in
use of health and well-being digital resources.

Proxy NMLD diagnoses were provided in 97.1% of
caregiver responses by either a spouse or partner (67.6%)
or first-degree relative (parent, child, or sibling; 29.5%).
The proxy model output broadly recapitulated the predictors
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of digital health and well-being resources as reported by
individuals living with a diagnosis (attitudinal beliefs =.66,
95% CI 0.52-0.80; P<.001; control beliefs $=.20, 95% CI
0.05-0.35; P=.009). In contrast to the NMLD model, proxy
PHQ-4 score was additionally associated with proxy digital
health and well-being resource use (8=.15, 95% CI 0.03-0.26;
P=01), with the overall model accounting for 70.8% of
the variance in proxy-reported digital health and well-being
resource use.

Responses from HCPs working with people with NMLD
demonstrated a range of disciplines, namely NMLD clinicians
(neurologists, psychiatrists, and clinical neuropsychologists),
nurses, occupational and speech and language therapists,
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academic researchers, dementia support workers, care home
managers, and social workers. One observation in the
HCPs’ model, corresponding to an outlier, was identified
as deviating from the theoretical normal distribution by
approximately 1.0 in the upper tail of the Q-Q plot. No
remarkable changes in results were observed when rerun-
ning this model after having excluded this observation, at
which point normality assumptions were upheld. The model’s
ability to account for the variance of digital health and
well-being resource use in the proxy HCPs’ responses was
greatly reduced relative to the two previous groups (Adjus-
ted R?=0.284). Nevertheless, the proxy HCP model was
consistent with the findings above in that control beliefs
were moderately associated with proxy digital health and
well-being resource use ($=.38,95% CI 0.12-0.64; P=.005).

Carers responding to the survey about their own use of
digital health and well-being resources were consistent with
other models in reporting a strong association between digital
health and well-being resource use and attitudinal beliefs
(8=.70, 95% CI 0.61-0.79; P<.001). A small association was
demonstrated between digital health and well-being resource
use and control beliefs (8=.13, 95% CI -0.001 to 0.25;
P=.05). Distinct from previous models, carers’ perception of
better health was associated with digital health and well-being

Brotherhood et al

resources ($=.12, 95% CI 0.02-0.23; P=.03). Adjusted R?
values indicated the model accounted for 63.0% of the
variance in use of digital health and well-being resources.

To provide further insight into clinical phenotype
associations with digital health and well-being resource
use, we conducted exploratory analyses profiling associa-
tions of diagnosis (FTD, PPA, and PCA phenotypes) with
digital health and well-being resource use. Given the relative
concordance between the NMLD and carer-proxy profiles,
we considered it appropriate to pool data from these 2
groups and stratify this aggregated group (NMLD+proxy)
by clinical phenotype, alongside carer scores for each group
(see Table 2). All observations were retained (n=147) for
onward analysis. Controlling for covariates age and gender,
a robust linear regression indicated that diagnosis category
was associated with digital health and well-being resource use
for self- and proxy-reported NMLD. Compared to partic-
ipants with FTD (reference group), higher digital health
and well-being resource use were associated with the PCA
(8=.75, 95% CI 0.33-1.16) and PPA groups ($=.55, 95% CI
0.06-1.03). This was recapitulated in the carer groups; higher
digital health and well-being resource use was associated with
the PCA (f=.51,95% CI 0.23-0.78) and PPA ($=.27, 95% CI
0.01-0.54) carer groups relative to FTD carers.

Table 2. Demographic, basic survey information, and outcome measure scores depicted for the subgroup of the initial sample, stratified by clinical

phenotype of behavioral variant frontotemporal dementia, primary progressive aphasia, and posterior cortical atrophy.

Clinical phenotype bvFTD? PPAP PCAS
Living with NMLD¢ diagnosis and proxy combined n=45 n=36 n=66
Age (years), mean (SD) 639 (124) 71.3 (8.1) 654 (8.1)
Female:male (N) 15:30 16:20 42:24
Ethnicity (White), n (%) 43 (95.5) 33 (91.7) 65 (98.5)
Time since diagnosis (years), mean (SD) 3.5(@3.3) 3.1(1.8) 2.9 (2.6)
Time since symptoms noticed (years), mean (SD) 6.6 (4.2) 55(2.8) 53(@3.5)
Online, n (%) 44 (97.8) 31 (86.1) 56 (84.9)
Digital resource use (composite), mean raw score (SD) 9.80 (10.25) 14.44 (12.67) 1691
(11.34)
Carers n=88 n=74 n=72
Age (years), mean (SD) 61.5(13.3) 63.6 (11.3) 59.8 (14.6)
Female:male (N) 75:12¢ 54:20 39:31¢
Ethnicity (White) n (%) 83 (94.3) 67 (90.5) 68 (94.4)
Time since diagnosis (years), mean (SD) 36(3.2) 4.0(2.9) 35(2.5)
Time since symptoms noticed (years), mean (SD) 73(14.2) 72(5.5) 5.8(29)
Online, n (%) 67 (76.1) 55(74.3) 56 (77.8)
Digital resource use (composite), mean raw score (SD) 19.91 (9.02) 22.14 (9.39) 24.10
(847)

a . . .
bvFTD: behavioral variant frontotemporal dementia.

b. . . .
PPA: primary progressive aphasia.
PCA: posterior cortical atrophy.

C.
d .
NMLD: non-memory-led dementia.

“Does not reflect total N owing to missing data or respondents preferring to self-describe.
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Discussion

Principal Results

This work was conducted with the aim of understanding
the factors associated with digital health and well-being
resource use in people with NMLD as well as caregivers
and proxy respondents. The findings provide insight for
HCPs who seek to maximize engagement with NMLD-spe-
cific health and well-being support and underscore considera-
tions for digital NMLD resource design and dissemination.
Our findings characterize the extent to which theoretically
derived technology use factors associate with digital health
and well-being resource use in people with NMLD as well
as caregivers and proxy respondents. Here, we report a
consistent association between digital health and well-being
resource use and control and attitudinal beliefs, regardless of
whether it is proxy- or self-reported for people living with
NMLDs. Caregiver-proxy reports additionally identified that
increased feelings of anxiety and depression in the person
with NMLD are associated with their engagement with digital
health and well-being resource use. For carers’ own digital
health and well-being resource use, perception of better health
was an additional predictor of higher use. Carer-reported
proxy responses estimated NMLD resource use was lower
relative to the reports received directly from individuals
with an NMLD diagnosis, and individuals with FTD and
their carers demonstrated lower digital health and well-being
resource use relative to their PPA and PCA counterparts.

Interpretations

Controls’ beliefs were positively associated with digital
health and well-being resource use across NMLD self-repor-
ted and proxy models. Examining the subordinate items
within this construct, the likelihood of NMLD engagement
with digital health and well-being offering is increased
with a platform’s perceived ease of use, the user’s self-effi-
cacy, and facilitating conditions being met (eg, accessibility
factors and financial means). Promoting a user’s self-efficacy
maximizes the potential of digital platforms for health and
well-being. Practically, this finding highlights the importance
of training opportunities for people with NMLDs to opti-
mize their experience with any bespoke digital health and
well-being resource. This could be achieved by virtue of
a tutorial or demonstration by another individual. Training
may, for example, involve incorporating initial “onboarding”
sessions, which aim to acclimatize the person affected by
NMLD to a new digital health and well-being offer. These
findings support previous research investigating videocon-
ference-delivered support for people with dementia and
their caregivers, whereby integrated technological support
and training facilitated ongoing access by participants and
users [30-33]. Digital provision of mental health support is
available at the time of this writing in the United Kingdom for
people with NMLD as well as caregivers if the need of the
individuals is deemed to be low in complexity [34]. Evi-
dence suggests that people with NMLD as well as caregivers
benefit from accessing such services, therefore underscoring
a critical need for NMLD-specific onboarding training as part
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of this and other digitally mediated mental health provisions
[34,35]. In addition, the findings relating to control beliefs
highlight the influence of basic accessibility factors in digital
health and well-being engagement, which emphasizes the
importance of designing for open access for people with
NMLD as well as caregivers. Capitalizing on accessibility
opportunities, such as working in partnership with commun-
ity groups and institutions that offer tablet devices and
computer access to the general public, will increase equity
for individuals affected by NMLD who may otherwise be
unable to access specialist digital resources. Taken together,
these findings reflect recently reported themes from semi-
structured interviews exploring technology use in older adults
with intellectual disabilities, resulting in recommendations
around providing structured, repetitive, and gradual training
opportunities for individuals with cognitive challenges, as
well as promoting distribution of digital resources in rural
areas [36].

Attitudinal beliefs were consistently the strongest predictor
of digital health and well-being resources, arguably playing
a crucial role in determining whether people living with
dementia and their caregivers engage with these resources.
This was demonstrated to a greater extent relative to the
usability barriers outlined above. This construct reflects
the individual user’s perception of these resources being
beneficial (eg, enhancing daily effectiveness) and whether
they find their use appealing. For people with NMLD as well
as caregivers and proxy respondents, the perceived functional
value of digital health and well-being resources is critical,
perhaps owing to this population seeking digital resources
that specifically respond to their unique challenges, which
often differ from amnestic dementia experiences. Practically,
these findings point to a need for effective communication
strategies at the point of offering these resources, which (1)
provide a clear scaffold and framing of the digital resource
in question and (2) emphasize the positive role that digital
resources can play in supporting the navigation of NMLD
symptoms, caregiving guidance, or health and well-being
support for caregivers.

An additional insight from the NMLD-proxy group
indicated that carer-perceived increased digital health and
well-being resource use was associated with the person with
NMLD’s higher anxiety and depression. Acknowledging that
causality may not be inferred from the study design and
analysis approach, we venture a range of factors that may
explain this finding. For example, depression and anxiety
symptoms may be linked to digital health and well-being
engagement by virtue of a different profile of help-seek-
ing behavior, either in relation to the person with NMLD
consulting the internet for potential mood-related symptom
treatment or management through mental health and well-
being platforms aimed to target these experiences; or, more
broadly, to quell other non—dementia-specific concerns or
worries that are exacerbated by virtue of increased anxi-
ety and depression as a result of navigating the challenges
dementia brings. Additionally, caregivers providing proxy
responses may be aware of their own prompting behaviors,
perhaps suggesting that a loved one displaying anxiety and
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depression may find online resources beneficial for manag-
ing their distress. Without further qualitative investigation;
however, the mechanisms mediating this association remain
speculative.

NMLD caregiver—specific findings indicated that higher
self-reported health status predicted higher use of digital
health and well-being resources. This differs from previous
findings relating to dementia caregiver internet use, whereby
caregivers of people primarily with Alzheimer disease or
vascular dementia who appraised their own physical health
as worse reported significantly more frequent internet use
relative to those who appraised their physical health to be
similar to a noncaregiver peer of the same age and gen-
der [37]. This contrast may, however, reflect some specific-
ity of the interplay of NMLD caregiver health and digital
health resources relative to the same factor’s influence for
those caring for individuals with typical dementia variants.
This supports the justification for stratifying the needs of
these caregivers through bespoke post-diagnostic support and
signposting as they form their own distinct profile of factors
influencing digital health and well-being technology use.

The distinct cognitive hallmarks of FTD may explain
the heterogeneity observed between NMLD phenotypes in
relation to digital health and well-being resource use in the
self- and proxy-reported group. The most common form
of FTD, bvFTID, is characterized by changes in personal-
ity and behavior, coupled with early apathy and lack of
insight into these symptoms [7]. The lower use of health
and well-being digital resources relative to others presenting
with different non-memory-led symptoms (as in PCA or
PPA) may either reflect a lack of motivation to engage, a
failure to even acknowledge or recognize there may be a
health problem to consult about, or a combination. Address-
ing these 2 condition-specific barriers may be key in engaging
people with FTD in health and well-being resources related
to their condition. For FTD individuals in particular (relative
to PPA or PCA), it may be important to explore digital
health and well-being resource use design that harnesses
methods aiming to increase intrinsic motivation to engage,
such as gamification approaches. Unequal diagnostic group
sizes resulted in unequal precision as indicated by wider 95%
CIs with lower bounds for PPA, consistent with a smaller
group size and implying lower sensitivity to detect small
effects. We, therefore, interpret this finding with caution.
An interesting finding related to the recapitulation of these
condition-specific web resource use profiles in the FTD carer
groups in relation to the PCA and PPA groups. One potential
explanation for this could be reflecting higher care demands
specifically in bvFTD, with higher reports of caregiver stress
and lower perceived control observed in this caregiver group
relative to Alzheimer disease carers [38] and those caring for
people with other NMLDs such as PPA [39]. This increase in
stress and caregiver burden is likely to diminish FTD carers’
dedicated time and resources to digital use in relation to their
own health and well-being needs, in turn reflecting lower use
relative to other NMLD caregiver peers.

Taken together, these findings highlight the utmost
importance of condition-specific ~considerations when
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designing health and well-being digital materials for
individuals living with and caring for individuals with
NMLDs. However, as a recent systematic review of partic-
ipatory methods in digital health interventions for demen-
tia caregivers highlighted, subtyping is relatively rare, and
many interventions are designed for the typical array of
caregiver needs [40]. Approaches to adapt existing support
platforms designed with more prevalent dementias in mind
(eg, iSupport; World Health Organization) to cater to the
specific needs of individuals with NMLDs included sev-
eral co-design stages to enable iterative changes, including
focus groups and validation surveys [41]. Similar approaches
have been adopted for the co-development of forthcoming
digital health interventions specifically designed by, with,
and for specific dementia caregiver subtypes from the outset
[13]. Co-design of digital resources and interventions with
individuals living with or caring for NMLD is likely critical
for ensuring ongoing engagement and interaction with digital
provisions designed with people with NMLD as well as
caregivers and proxy respondents in mind [42].

Limitations

Our health care professional model demonstrated far less
predictive value of health and well-being digital resource use
(only 28% of the variance). This may reflect the instruc-
tion given to HCPs to “imagine clients you have worked
with,” which does not give ample opportunity for HCPs to
share the complexity or breadth of their experience when
trying to engage NMLD audiences in digital health and
well-being offers. This contrasts with the good explanatory
power demonstrated by the NMLD, carer, and proxy models,
perhaps reflecting the selective focus of these groups, who
were instructed to respond in reference to only one individual
(either themselves or one other in the proxy report). Given
the HCP group comprised a multidisciplinary group, there is
also the potential for differing frames of reference to have
impacted model fit. A variability in the professional role
within the HCP group, and therefore the clients or service
users envisaged when HCP participants completed the survey,
may have introduced greater heterogeneity, which in turn
would weaken the predictive capacity of the HCP model
in contrast to the other models reported here. We acknowl-
edge that the quantitative format of the survey may have
also restricted the potential for HCPs to share the depth of
expertise that professionals working in this space have to
offer. This reflection emphasizes the importance of mixed
methods approaches incorporating qualitative inquiry with
HCPs to harness the benefits of their range of experiences in
this area and to elucidate any discipline-specific observations.
This work has been undertaken, and findings are described in
a separate publication (Fearn et al, forthcoming).

The definition of technology use in this study was
intentionally narrow, concentrating specifically on digital
health and well-being resources in order to capture informa-
tion relating to engagement with NMLD digital offers that
are currently available, such as virtual support groups and
digital platforms (eg, Rare Dementia Support and Dyscover).
This survey did not capture particular devices NMLD users
preferred to access these resources, which may be mediated
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by NMLD audience (persons living with vs carers) or
syndromic group and which may have notable influence on
whether or not these digital resources are engaged with.
FTD populations, for example, exhibit lower smartphone
battery usage relative to clinically neurotypical controls [43],
which may necessitate other means of presenting health and
well-being information for these groups that seem not to
engage with smartphone interaction. Together, these findings
must also be considered alongside other contextual factors at
play, including mediating factors that can influence telehealth
success in these individuals, such as the engagement of the
communication partner, which has been found to associate
with functional outcomes in videoconference-delivered PPA
speech and language therapies [44].

Although we endeavored to collect data using both
hard-copy paper questionnaires and a complementary digital
survey option to capture a broad range of digital access
experiences, we acknowledge that the invitations for both
formats were distributed electronically. As a result, this
sample may overrepresent digitally literate older adults
relative to the wider dementia and caregiver populations.
Relatedly, internet use is associated most strongly with
individuals with dementia specifically from middle-income
backgrounds with high educational attainment, characteris-
tics that are also prevalent in membership of specialist
support services such as the one from which our sample
was derived [45]. Socioeconomic factors similarly associate
with internet access in caregiver populations; for instance,
individuals with private health insurance are 8 times more
likely to have internet access than those without [46].
Furthermore, our sample comprised a very high proportion

Brotherhood et al

of White participants, which did not provide the opportunity
for exploring potential digital-access patterns and associated
factors in more ethnically diverse people with NMLD as well
as caregivers and proxy respondents. Our findings and their
generalizability should therefore be considered in this context.
As awareness for NMLDs grows, there may be opportuni-
ties for future research studies to use recruitment strategies
that identify participants from more community-based or
primary care settings who, in turn, are likely to increase
the representativeness relative to this sample. Finally, despite
the large overall sample size, we acknowledge that in order
to examine group-specific profiles, the number of available
observations per group and number of predictors resulted
in regressions that may be overfitting. While assumptions
were upheld through normality testing with little evidence for
multicollinearity, the findings should be interpreted with the
understanding that these models are exploratory in nature.

Conclusions

Collectively, these findings provide insight into several
factors that are critical to consider when designing digital
health and well-being resources for people with NMLD
and their caregivers. The insights from this work under-
score the importance of marketing and resource design that
resonate with NMLD audiences in terms of targeting practical
and emotional perceptions of digital health and well-being
offers. This should be undertaken in combination with design
considerations that address technical and logistical barriers to
access, as well as considering the specific intended audience
in terms of specific cognitive and symptom profiles.
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