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Abstract

Background: Smart displays and speakers offer voice interaction, which may be more accessible and appealing to older adults
with chronic pain and other multimorbid conditions. Previous trials found stronger socioemotional benefits of ElderTree (vs
control) among those with high primary care use and multiple chronic conditions.

Objective: This study aims to test whether older adults with chronic pain and multiple other chronic conditions use and benefit
more from ElderTree, an eHealth intervention targeting pain and quality of life, when delivered on a smart display.

Methods: We recruited 269 participants from the University of Wisconsin-Madison health system and community organizations
and randomly assigned 1:1:1 to (1) smart display with internet and ElderTree, plus usual care; (2) touchscreen laptop with internet
and ElderTree, plus usual care; or (3) usual care alone. Participants were aged ≥60 years, had a chronic pain diagnosis or reported
chronic pain, and at least 3 common chronic conditions. Primary outcomes were pain interference and psychosocial quality of
life. Data sources were baseline, 4-month, and 8-month surveys and continuous ElderTree usage data.

Results: No significant differences were found between the laptop versus smart display groups for pain interference (b=–0.11,
95% CI –1.07 to 0.85; P=.82) or psychosocial quality (b=–0.21, 95% CI –0.96 to 0.55; P=.56), nor between the combined
laptop+smart display group versus control group for either outcome (pain interference: b=–0.41, 95% CI –1.23 to 0.41; P=.33;
psychosocial quality of life: b=0.04, 95% CI –0.61 to 0.69; P=.90). Mediation was not tested because effects on primary outcomes
were nonsignificant. Gender did not moderate the effect of laptop versus smart display groups in pain interference (b=–1.56, 95%
CI –3.56 to 0.44; P=.13). Gender did moderate the effect of the combined laptop+smart display group versus control group
(b=1.91, 95% CI 0.11 to 3.71; P=.04). Women showed a significant decrease in pain interference (b=–0.69, 95% CI –1.29 to
–0.10; P=.02), whereas women in the control group showed no significant change (b=0.25, 95% CI –0.53 to 1.04; P=.53). Men
in the combined group showed a nonsignificant decrease (b=–0.67, 95% CI –1.47 to 0.14; P=.10), whereas men in the control
group showed a significant decrease (b=–1.61, 95% CI –2.88 to –0.35; P=.01). Participants assigned to the laptop versus smart
display used ElderTree more frequently and had more favorable perceptions. Analyses of secondary and exploratory outcomes
showed no significant differences between groups.

Conclusions: We found no significant differences between the combined ElderTree group and the control group for changes
over time in any primary, secondary, or exploratory outcomes. Moderation analyses indicated that only gender moderated study
arm effects, and only for the laptop+smart display versus control group on changes over time in the two primary outcomes.

Trial Registration: ClinicalTrials.gov NCT04798196; https://clinicaltrials.gov/ct2/show/NCT04798196

JMIR Aging 2025 | vol. 8 | e75991 | p. 1https://aging.jmir.org/2025/1/e75991
(page number not for citation purposes)

Landucci et alJMIR AGING

XSL•FO
RenderX

mailto:gina.landucci@wisc.edu
http://www.w3.org/Style/XSL
http://www.renderx.com/


International Registered Report Identifier (IRRID): RR2-10.2196/37522

(JMIR Aging 2025;8:e75991) doi: 10.2196/75991

KEYWORDS

aged; chronic pain; eHealth; geriatrics; health expenditures; multiple chronic conditions; primary care; quality of life; smart
displays; smart speakers

Introduction

Background
This study reports the outcomes of a randomized controlled trial
examining the uses and effects of an 8-month eHealth
intervention for older adults, delivered through two
platforms—laptop computer versus smart display—compared
with a no-exposure control group. To our knowledge, this is
one of the first large trials to compare these platforms for
delivering a health intervention. As discussed below, studies of
smart device interventions for health outcomes have typically
not involved random assignment, comparisons with other
platforms, or large sample sizes.

We focused on older adults experiencing chronic pain with
multiple other chronic conditions. The intervention was designed
to help them understand and manage their pain in the context
of complex health challenges. As such, this was an intervention
for individuals expected to desire relief but who might face
challenges in achieving it. Chronic pain not only affects mobility
[1,2], but is also associated with reductions in attention, working
memory capacity [3], and executive function [4]. Easy, engaging
methods of interacting with an intervention may be particularly
important under these circumstances. Given this expectation,
the core hypotheses were that the intervention would be more
effective when delivered on a smart display than on a laptop,
and that both platforms would outperform the control group on
the primary outcomes of pain interference and quality of life.

Voice Interactivity and Smart Devices
Like laptops, smart displays are compact, internet-connected
computers. A key difference, as reviewed in our protocol paper
[5], is the supposed ease of voice interactivity. Users of smart
displays can ask questions and give commands by speaking
rather than typing and can hear rather than read the device’s
response. Laptops, on the other hand, are primarily designed
for typing and reading. Moreover, chatbot functions, now rapidly
evolving with progress in artificial intelligence (AI) and voice
recognition, allow the audio interactions of smart displays to,
to varying degrees, approximate human conversations. Smart
speakers offer the same voice interactivity as smart displays,
but the latter have the added advantage of a screen that supports
touch navigation of visual menus and video viewing.

Various researchers have proposed that the voice interactivity
of smart speakers and smart displays may be particularly
accessible and appealing for older adults [6-11], and these claims
have been echoed in mass media discussions of voice-interactive
devices [12]. Proposed advantages of voice interactivity include
compensating for mobility issues that make it difficult to walk
across a room to a computer, hand tremors or arthritis that make
typing or controlling a cursor challenging, and vision loss that

makes reading text or deciphering small images difficult. An
additional possibility is that voice interactivity may enhance
feelings of companionship, particularly as natural language
processing improves the quality of smart devices’ responses.
Relatedly, voice interactivity may offer easier, more intuitive
access to content than computers or mobile phones, which
require knowledge of where to tap or click, how to scroll, and
how to bookmark content. Because smart speakers and smart
displays are used with short vocal prompts, they have been
suggested as better suited than computers or even smartphones
to support older adults’ health and well-being [6,7,13,14].

Researchers have also noted potential difficulties with voice
interactivity for older adults [15-17]. Age-related physical
changes may reduce the volume, pace, and clarity of older
adults’ speech, which in turn reduce the accuracy of
voice-activated devices in interpreting their commands or
questions. Hearing loss may impair the ability to understand
the device’s responses. Smart systems that require memorizing
specific commands or “skills” may not be easy to master. Older
adults, like others, may also have concerns about privacy and
surveillance, including the possibility of accidentally activating
the speech-controlled device.

Current evidence on the benefits and challenges of
voice-activated smart systems for older adults is somewhat
limited. A 2024 scoping review of studies published between
2010 and 2020 on community-dwelling older adults and
“personal voice assistants” identified 22 studies with a total of
284 participants [18]. All 22 studies were exploratory
examinations of older adults’ use and acceptance of these
technologies and none examined effects on quality of life or
health-related outcomes. The overall conclusion was that
although many older adults reported finding the devices
convenient and easier to use than a computer for basic tasks,
such as reminders or checking the weather, they sometimes
struggled to make themselves understood or to remember the
necessary commands. The authors noted the lack of research
on effects of use on quality of life, well-being, or functional
capacity.

Since then, at least 2 studies have examined socioemotional
outcomes of smart device use, although neither compared these
devices with text-based devices, such as computers. In a small,
randomized trial, 34 older adults were assigned to use either a
smart speaker (audio only) or a smart display (audio plus screen)
for at least 30 minutes a day for specified activities (eg, listening
to music, calling a friend, and playing games) over 12 weeks
[19]. Both groups showed significant reductions in loneliness
and increases in social support over 12 weeks, with greater
changes in the smart display group. In a second, larger but
nonrandomized study, 291 older adults living alone were given
a smart speaker and training on its use [20]. Participants who
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were more (vs less) lonely at baseline used it more often over
2 months. Frequent users showed significant decreases in
loneliness but not depressive symptoms, whereas intermittent
users showed no significant changes in either outcome. In sum,
both studies found that frequent use of smart systems was
associated with some positive socioemotional changes, although
similar changes may have occurred with laptop use or in a
control group.

In addition, at least 2 studies have examined health-related
outcomes. In the smaller study, 34 adults with type 2 diabetes
(mean age 55 years) were assigned to two smart speaker
interventions: (1) “standard of care” daily prompts to maintain
a log of insulin and blood glucose, or (2) “conversational AI,”
in which patients reported their insulin use and blood glucose
levels to the smart speaker and received AI-generated dosing
instructions based on the data they had just reported [21].
Participants in the conversational AI group achieved optimal
dosing in fewer days, were more likely to achieve glycemic
improvement and control, and reported greater reductions in
diabetes-related emotional distress. The study suggested benefits
of AI-generated feedback but did not examine the effectiveness
of voice interactivity compared with a text-based system for
delivering that feedback.

A larger quasi-experiment [22] examined whether the effects
of a smartphone intervention targeting older adults’ depression
and health behaviors would be greater if participants also
received a smart speaker with additional health-related audio
functions (eg, medication reminders, exercise programs, and
quizzes). All 170 participants were assigned to use the health
app and wearable devices to monitor their health data over 6
months; those who agreed to also receive the smart speaker
were compared with those who declined, matched on baseline
depression scores. There were no differences between the two
nonrandomized groups in changes over time in depression or
in 5 of the 6 health behaviors assessed. Only dietary diversity
increased more among participants who agreed to receive the
smart speaker compared with those who declined.

In sum, despite claims that voice interactivity facilitates
accessibility and companionship for older adults, few studies
have examined the effects of smart displays or smart speakers
on health-related outcomes. Those studies have generally not
been large, randomized controlled trials and have seldom
compared these devices with text-based platforms. The one
quasi-experiment in which older adults chose whether to add a
smart speaker to a mobile phone health intervention found
minimal evidence of health benefits. As noted earlier, our project
is one of the first major trials comparing a smart display with
a laptop for delivering an intervention to older adults. It focuses
on helping participants manage chronic pain in the context of
comorbid health conditions.

Chronic Pain and Comorbidity
National data from 2023 indicated that 36% of adults aged 65
years and older in the United States experience chronic pain
[23]. Chronic pain (ie, lasting more than 3 months) is often
accompanied by other chronic conditions, including anxiety
and depression [24-26], particularly in older adults [27]. In one
study, over 67% of community-dwelling older adults with 2 or

more chronic conditions also had chronic pain [28]. Such
multimorbidity combined with chronic pain is associated with
greater odds of opioid therapy, excessive polypharmacy and
medication-related problems, and higher health care
expenditures [29-31]. Chronic pain has complex, bidirectional
relationships with sleep, exercise, diet, and depression [32-35],
all of which affect the management of other chronic conditions.
Given the significance of chronic pain for psychosocial quality
of life and for management of comorbid conditions [24], we
focused on pain interference and psychosocial quality of life as
the primary outcomes of a health intervention targeting older
adults with multiple chronic conditions.

Various digital therapeutics have been developed to help
individuals manage chronic pain. A 2022 meta-analysis of 36
online cognitive and behavioral interventions for adults with
chronic pain found small effects on pain intensity,
catastrophizing, and interference (g=0.27-0.31), with stronger
effects observed for interventions that included feedback or
guidance from a clinician rather than solely self-paced progress
through content [36,37]. Although some of these digital
interventions included content targeting comorbid depression
and anxiety [38,39], most focused only on pain, often specific
to particular conditions such as fibromyalgia, arthritis, or spinal
cord injury [40-42]. As such, they were not designed to address
the broad range of experiences of older adults with chronic pain
and other multimorbid chronic conditions.

In contrast, a recent trial specifically targeted adults with chronic
pain and multimorbid chronic conditions, testing the
effectiveness of usual care compared with a 6-week program
on pain science, self-management, and tailored exercise,
involving 2 weekly in-person meetings [43]. Adherence was
high: the majority of participants attended more than 75% of
the sessions, completed workbook assignments, and reported
using the self-management strategies (eg, exercises, breathing,
relaxation, and sleep plans). At 12 weeks postintervention, the
intervention group showed greater improvements in physical
function and greater reductions in various pain-related outcomes
compared with the control group. A commentary on the study
[44] noted the innovation of focusing on comorbid pain and
other chronic health conditions, as well as the possibility of
delivering such an intervention remotely, rather than in-person,
for longer periods of time.

This Study

Overview
The broad goal was to assess whether delivering a digital
eHealth intervention for older adults on a voice-based platform
compared with a text-based platform would alter its
effectiveness. More specifically, the central question was
whether older adults with chronic pain, in the context of multiple
comorbid chronic conditions, would show greater use and
benefits of an intervention targeting pain and quality of life if
they were received it on a smart display rather than a laptop,
and whether both the smart display and laptop groups would
show benefits compared with a control group that received no
device or access to the intervention.
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Proposed Main Effects
We hypothesized the greatest improvements over the 8-month
intervention period in the primary outcomes in the smart display
arm, followed by the laptop arm, and then the control group
(Figure 1). We also examined whether there would be

differences between study arms on the exploratory outcomes.
In this study, we focus on the effects of study arm on
engagement and the 2 primary outcomes, although we briefly
report findings for the other outcomes and provide details in
Multimedia Appendix 1.

Figure 1. Study logic.

Proposed Mediators
The intervention, called ElderTree, is one of a suite of eHealth
systems known as Comprehensive Health Enhancement Support
Systems [45,46]. These systems, including ElderTree, are based
on principles of Self-Determination Theory, as it is intended to
meet 3 core psychological needs related to a particular health
situation: competence (self-efficacy to achieve health goals),
relatedness (feelings of connection with others dealing with the
same health challenges), and intrinsic motivation (ie, feelings
of autonomy rather than coercion in working toward health
goals) [47]. As shown in the logic diagram, we hypothesized
that 4-month levels of these 3 constructs would mediate the
effects of study arm on the primary outcomes. Given the focus
on pain interference, we also examined rates of exercise and
levels of pain anxiety as mediators. For comparisons of the 2
ElderTree arms, we proposed that higher use of ElderTree at 4
months in the smart display arm would mediate stronger effects
of the smart display compared with the laptop arm on the
primary outcomes.

Proposed Moderators
Randomized controlled trials of previous ElderTree platforms,
which targeted older adults’ quality of life and management of
chronic conditions (but not pain specifically), found moderated
effects. In the first study, socioemotional benefits of ElderTree
compared with control were stronger for older adults with high
rates of primary care use [48]. This pattern was interpreted as
indicating stronger effects for those with more complex health
conditions, such as multiple chronic conditions. In the second
randomized trial, targeting older adults with multiple chronic
conditions, socioemotional benefits of ElderTree compared with
control were stronger for women than for men [49]. In this

study, we examined whether effects in either of the 2 ElderTree
arms, compared with control, would again be stronger for
women than for men and for those with higher numbers of
chronic conditions. Additionally, given the focus on platform,
we considered whether the hypothesized benefits of a smart
display compared with a laptop would vary by participants’
reports of their barriers to using text-based versus voice-based
devices.

The Historical Context
There are 3 aspects of the timing of this study that merit
presentation up front to contextualize the methods and results.
First, we selected and began rapid cycle testing on the laptop
and smart display devices in 2020. From the options available
at the time, we chose the Google Nest Hub Max. Although smart
displays have since evolved, the device we used had some
challenges with Wi-Fi connectivity, voice recognition, and the
dictation program within the ElderTree app. More details are
provided in the Results section. Second, the study period
overlapped with the COVID-19 pandemic, as discussed in the
section on recruitment and training. Third, Google discontinued
“Conversational Actions” as of June 2023. This was a key
functionality required to access ElderTree. We stopped
recruitment 4 months early and ended the intervention early for
8 smart display participants.

Methods

Trial Design
We used a nonblinded, randomized controlled trial design with
1:1:1 allocation to (1) a smart display with internet access and
ElderTree, along with usual care; (2) a touchscreen laptop with
internet access and ElderTree, along with usual care; or (3) usual
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care alone. Assessments were conducted at baseline, 4 months,
and 8 months.

Participants
Older adult patients with at least 3 high-risk chronic conditions
were recruited from the University of Wisconsin
(UW)—Madison Department of Family Medicine and General
Internal Medicine system as well as community organizations
in the Madison, Milwaukee, and Beloit, Wisconsin, areas.
Eligible participants were aged 60 years or older and had chronic
pain—indicated by having received a chronic pain diagnosis,
by reporting pain on some or most days lasting at least 12 weeks,
by reporting pain in the past 3 months on some, most, or all
days, and by reporting pain intensity of at least 3 on a scale of
0 (no pain) to 10 (worst imaginable pain) in the past 7 days.
They also had at least 3 of the most prevalent chronic conditions
among older adults as reported by the Centers for Medicare and
Medicaid Services [50]—chronic obstructive pulmonary disease,
asthma, diabetes, hyperlipidemia, hypertension, ischemic heart
disease, atrial fibrillation, heart failure, stroke, cancer, chronic
kidney disease, depression, osteoporosis, and arthritis. We
modified the list by adding obesity (BMI≥30) and
dizziness/falls/loss of vestibular function. In addition, patients
agreed to allow reports about their health tracking to be sent to
their primary care provider. Patients were excluded if they
required an interpreter or had a medical diagnosis of Alzheimer
disease, dementia, schizophrenia or other psychotic disorder,
autism spectrum disorder, a known terminal illness with less
than 6 months to live, or an acute medical problem requiring
immediate hospitalization.

Intervention Groups
Patients in all 3 conditions continued with their usual care
provided by primary care and internal medicine clinics in the
UW–Madison system and were randomized to one of the
following arms.

Control
Participants continued with usual care and did not receive a
study device, ElderTree, or internet service. Participants were
compensated US $30 for each survey completed at baseline, 4
months, and 8 months.

ElderTree Laptop
Participants in the laptop arm were given a Google Chromebook
with a touchscreen, access to the ElderTree website, and internet
access using a hotspot if needed, for 8 months. ElderTree staff
conducted a home visit or phone call (if preferred by participant)
during which the participant was trained using the laptop,
navigating the ElderTree website, and reminded of study
expectations: log into ElderTree regularly and explore its
features, complete the weekly surveys, and fill out and return
the 2 mailed surveys at 4 and 8 months. Participants were
compensated US $10 for each mailed outcome survey completed
at baseline, 4 months, and 8 months.

ElderTree Smart Display
Participants in the smart display arm received a Google Nest
Hub Max smart device with a 10-inch touchscreen, access to
the ElderTree app, and internet access using a hotspot if needed,

for 8 months. Training on using the smart display and ElderTree
was provided through a home visit or phone call. Study
expectations and compensations were the same as those
described for the laptop arm.

Laptop
As in earlier iterations of ElderTree, the laptop platform was a
members-only website free of advertisements, with design
features based on previous users’ feedback and best practices
for older populations, such as larger fonts, fewer options, and
uncluttered screens for better comprehension, navigation, and
usability [51,52]. The site included the following: “discussion
groups,” chatroom-like discussions with other participants;
“private messages,” an email-like feature for sending and
receiving one-to-one messages; “wellness activities,” including
journal writing, breathing exercises, guided meditation, and
exercise videos designed specifically for older adults; “health
library,” reliable online information on topics such as
medication, mental and physical health, and talking with a
doctor; “weekly survey,” a short questionnaire that asked about
general health variables relevant to all chronic conditions, such
as sleep, relationship quality, falls, and missed medications;
and “living well with chronic pain,” a self-paced course
presenting the latest science on chronic pain and strategies for
managing it.

Smart Display
The smart display platform of ElderTree, developed as a
third-party app on the Google Nest Hub Max, was intended to
offer the same services as on the laptop platform, although
participants navigated by voice and touch. Participants needed
to “wake” the device with their voice and say “Hey Google,
ElderTree” for the app to open. The device then gave prompts
to take the weekly survey or to check out features such as the
chronic pain lessons or health library, which included the same
video content used on the laptop platform but not the text-based
items. These videos were organized as supplemental resources
related to each chronic pain lesson. Participants could use voice
commands or tap the screen to select features. Because
participants sometimes struggled to remember commands, “cheat
sheets” with instructions were provided, and a small sticker
with the phrase “Hey Google, ElderTree” was placed on the
front of the device.

It became clear during development and the course of the study
that the smart display dictation function was error-prone, could
process only one sentence at a time, and was difficult to correct.
Given this, the text-based discussion boards and journaling
functions remained available to participants but were hard to
use. As described below, a new feature was added to both study
arms.

Adding the Weekly Meetup
The importance of maintaining social relatedness services was
reinforced by the fact that the study took place during the later
phases of the COVID-19 pandemic. To address this, we created
a synchronous weekly virtual meetup. To maintain the integrity
of the research design, meetups were made available to both
laptop and smart display participants; they began in August
2022 and continued through the end of the intervention in
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August 2023. Meetups focused on a new health-centered topic
each week (eg, managing chronic pain, balance, memory, and
eye health), were facilitated by research staff who provided a
summary of the literature on the topic, and were followed by
an open discussion. Time was also allocated for participants to
share personal joys and sorrows. Each session ended with a
group movement exercise and was documented and summarized
in an email within a week, along with additional related
information.

Measures
Participants were assessed for all study variables at baseline, 4
months, and 8 months.

Primary Outcomes
We assessed the 2 primary outcomes using subscales of the
PROMIS-29 (Patient-Reported Outcomes Measurement
Information System 29-item profile) Global Health measure
[53,54], which has been found to be highly sensitive to changes
in pain interference and quality of life [55].

The pain interference subscale included 4 items about the past
7 days (eg, “How much did pain interfere with your day-to-day
activities?”). Scoring of individual items varies, and is
determined by the scale developers, with higher values
indicating greater pain interference.

Psychosocial quality of life was measured using the 12-item
subscale from the PROMIS-29, which includes three
subcategories: (1) ability to participate in social roles and
activities (eg, “I have trouble doing all of my regular leisure
activities with others”), (2) anxiety (eg, “I felt fearful”), and (3)
depression (eg, “I felt worthless”). Items asked participants to
report on the past 7 days. Scoring of individual items varies and
is determined by the scale developers, with higher values
indicating better quality of life.

Mediators
We measured 6 possible mediators. ElderTree use was measured
by the number of days of use in the 4-month period before each
person’s 4- and 8-month survey completion. Competence was
assessed with the 6-item Self-Efficacy for Managing Chronic
Disease scale, referring to the past 4 months. Relatedness was
assessed with the 5-item McTavish Bonding Scale [56], referring
to the past 4 months. Motivation was assessed with 4 items from
the Treatment Self-Regulation Questionnaire, referring to the
past 4 months [57]. Exercise was measured with a 4-item scale
created for this study, referring to the past 4 months. Pain
anxiety was assessed with the 13-item Pain Catastrophizing
Scale [58], referring to the past 4 months.

Moderators
We investigated whether the effects of study arm on change
from baseline to endpoint in primary outcomes were moderated
by gender, number of chronic conditions, barriers to technology
use, and ElderTree use (for laptop vs smart display only).

Gender was reported by participants at baseline (male, female,
and self-describe); all participants identified as either male or
female.

The number of chronic conditions was reported by participants,
who checked all that applied from a list of the most prevalent
chronic conditions among older adults, as reported by the
Centers for Medicare and Medicaid Services.

Barriers to assigned technology use were reported by
participants. Participants in both study arms indicated whether
any of the following factors made it difficult for them to use a
computer, iPad, or smart speaker (eg, Alexa or Google Home)
on a scale from 0 (never used that technology) to 5 (extremely
difficult), with 1 representing “not at all”: vision (even with
glasses), hearing (even with a hearing aid), voice issues
(difficulty speaking clearly), lack of knowledge on how to use
the device, memory, and other (please specify).

Potential Covariates
Potential covariates included age, gender, race and ethnicity,
education, living arrangement, life stressors, unplanned health
care use (urgent care or emergency department visits), and
comfort with technology use. Participants reported
sociodemographic variables including gender, race and ethnicity,
education, and whether they lived alone or with others. To assess
life stressors, they reported on 14 possible stressors from the
Social Readjustment Rating Scale (eg, “Death of a very close
friend or family member,” “Change in financial status”) [59],
checking all that applied (possible range=0-14). Participants
reported unplanned health care use in the preceding 4 months
to urgent care or the emergency department. Participants rated
their comfort with 6 communication technologies—computer,
smartphone, tablet, smart speaker, email, and Facebook—on a
6-point scale (total possible range=0-30), with higher scores
indicating greater comfort.

Use and Perceptions of ElderTree
To assess system use, time-stamped usage data from ElderTree
participants were continuously captured in our database,
including specific services used, the date and time the system
was accessed, and text entered in discussions and comment
threads. Usage data should be interpreted with caution, as
quantifying eHealth intervention use is complex and no
established method has yet been validated [60].

Use was defined as visiting any service or feature, including
the ElderTree home screen. Days of use were calculated as the
number of days in which participants accessed ElderTree at
least once in a 24-hour period, excluding the training period.
Means for this variable included participants with no days of
use (scored 0). We also attempted to assess hours of use of
ElderTree. Because smart displays did not track time spent on
each page, this calculation required estimation and cut-off rules.
Calculations and findings for hours of use are presented in
Multimedia Appendix 1 to contribute to the emerging discussion
on measuring use [60].

Attendance and Participation at Meetups
We counted the number of meetup sessions attended by each
participant and, for each session, recorded whether they
contributed beyond an initial greeting (ie, raised hand and spoke
or typed content into the chat).

JMIR Aging 2025 | vol. 8 | e75991 | p. 6https://aging.jmir.org/2025/1/e75991
(page number not for citation purposes)

Landucci et alJMIR AGING

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


Perceptions of ElderTree were assessed in the 8-month survey.
Participants rated 9 items on a 1-4 scale (1=not at all to 4=very
much so) addressing health benefits (eg, “it helped me learn
more about my health issues,” “it helped motivate me to take
care of my health,” Cronbach α=.80), socioemotional benefits
(eg, “I enjoyed the other people on ElderTree,” “it made me
realize I am not alone,” Cronbach α=.84), and ease of use (eg,
“I found it easy to use,” “it was easy to find what I was looking
for,” Cronbach α=.54). Staff also recorded any inquiries or
issues reported by participants regarding ElderTree or either
device throughout the trial.

Qualitative Insights
On the 4- and 8-month surveys, participants were asked 3
open-ended questions: “What stopped you or hindered you from
using ElderTree or the computer/smart system in general? If
you got a computer or smart system from us, what did you like
best about getting the computer or smart system in this study?
Any other comments or suggestions for us?” We also logged
comments about ElderTree on the discussion boards or during
phone calls to staff for help with the devices. Comments were
unitized (broken into constituent parts) and inductively coded
into core themes by the second author. An independent coder
categorized a random sample of 25% of unitized comments into
the themes (Krippendorff α=.90).

Sample Size Determination and Power
A 3-point difference (d=0.30) in pain interference is considered
clinically meaningful [61]. Given this, the study was powered
to detect d=0.30 between the laptop and smart display groups,
and between the laptop and control groups. We ran 10,000 linear
mixed model simulations, which indicated that, for a power of
>80% to detect a study arm×time interaction of this magnitude,
a postattrition sample of 255 participants would be required.
Given relatively low rates of attrition and missing data in earlier
trials of ElderTree, we recruited a total of 269 participants.

Recruitment
The UW-Madison Clinical and Health Informatics Institute
queried UW Health clinic electronic health records to identify
patients who met eligibility criteria. Potential participants
received an opt-in letter and consent form from the
UW-Madison’s Clinical Trials Institute. The letter described
the study and included a postage-paid return invitation for
further contact from the study team.

To supplement UW Health recruitment and diversify the patient
population, we worked with Access Community Health Centers
in Madison, Wisconsin, and community collaborators with
strong ties to local African American health care and patient
communities. Staff at Access Community Health Centers
identified potentially eligible patients and distributed the
recruitment flyer, consent form, and return invitation.
Community collaborators promoted the study opportunity within
Black churches, community centers, fraternity and sorority
health services programs, and other organizations in the Madison
and Beloit, Wisconsin, areas.

The recruitment period (July 2021-December 2022) overlapped
with the COVID-19 pandemic. Because the primary mode of

recruitment was opt-in letters and participants could choose
no-contact phone training rather than in person training, accrual
proceeded on schedule. Supplemental community recruitment
efforts focused mainly on flyer distribution, email newsletters,
and other contact-free strategies.

Randomization and Training
The project manager used a computer-generated allocation
sequence to randomize patients on a 1:1:1 ratio to ElderTree
Smart Display (ET-SD), ElderTree Laptop (ET-LT), or control
group, stratified by gender (male, female), site (UW Health,
Access Community Health Centers, community), and number
of chronic conditions (≤5 or ≥6). Block size was 12. When
baseline assessment and consent were complete, research staff
opened the sealed opaque envelope revealing group assignment
and conducted equipment setup and training for the ET-SD and
ET-LT arms, including all services and instructions for use).
Training was conducted at the participants’ homes or a public
location (eg, public library), unless participants preferred
no-contact training due to COVID-19 or other reasons, in which
case equipment was mailed and training occurred by phone. No
training was provided for the control arm. Once assigned,
participants could not be blinded to condition, as those in the
ET-SD and ET-LT arms were asked to use ElderTree while
control participants were not. The training researcher also could
not be blinded to condition after assignment was revealed.

Statistical Methods
Following randomization, the 3 groups were assessed for
comparability across all prespecified stratification variables.
No statistically significant differences were found between arms
for gender, site, or number of chronic conditions.

We selected covariates by examining whether they were
moderately correlated (r≥0.30, averaged across the 3 time points)
with at least one of the primary outcomes [62]. Race and
ethnicity were dichotomized (non-Hispanic White vs all other
groups) and were unrelated to either outcome. Only life stressors
met the correlation threshold (pain interference r=0.35;
psychosocial PROMIS-29 r=−0.46) and was retained as a
covariate.

Normality, linearity, and homogeneity of variance for outcome
data were assessed using descriptive statistics and graphical
representations. Outcomes were analyzed with mixed-effects
models using the “glmer()” function from the lme4 package in
R (R Foundation for Statistical Computing. These models
account for correlated measurements within participants,
incorporated all available data (allowing for intention-to-treat
rather than complete-case analysis), and provide unbiased
estimates when data were missing at random. Each model
included a random effect for participant and fixed effects for
survey time point, study arm, and arm-by–time point interaction.
Survey time point was entered as a continuous variable with 3
values (baseline, 4 months, and 8 months).

Ethical Considerations
This study was approved by the UW Health Sciences and
Minimal Risk Research Institutional Review Board (reference
number 2020-0868) and registered at ClinicalTrials.gov
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(NCT04798196). Verbal informed consent was obtained by
research staff during the initial recruitment call. A unique “study
ID” was assigned at enrollment and associated with all data for
the duration of the study to protect participant privacy and
confidentiality. Participants received compensation (US $30)
for completing surveys at baseline, 4 months, and 8 months.

Results

Participants
A total of 269 participants were randomized (91 to control, 92
to ET-LT, and 86 to ET-SD); one participant was excluded
because they did not complete the baseline survey, leaving 268

participants for analysis (Figure 2). Recruitment began in July
2021 and ended in December 2022; the intervention period
continued through August 2023, which coincided with the
historical context described above. Eight ET-SD participants
were affected by Google’s decision to discontinue the
functionality that enabled access to ElderTree on the smart
display: their intervention periods were 2 weeks to 2 months
shorter, depending on enrollment date.

Participant baseline characteristics are reported by study arm
in Table 1. Across all participants, 177 (66%) identified as
female, and 211 (78.7%) identified as White only. The mean
age was 69.8 (SD 7.34) years, and number of chronic conditions
was 6.54 (SD 2.46).

Figure 2. Consolidated Standards of Reporting Trials (CONSORT) flow diagram. Data were analyzed using mixed-effects models, which incorporate
all available data rather than only complete cases.
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Table 1. Participant characteristics by study arm at baseline.

ET-SDb (N=86)ET-LTa (N=91)Control (N=91)Characteristic

Gender, n (%)

55 (64)59 (65)63 (69)Female

31 (36)32 (35)28 (31)Male

Race, n (%)

0 (0)1 (1)0 (0)Asian only

0 (0)1 (1)2 (2)Black or African American and American Indian or
Alaskan Native

14 (16)16 (18)20 (22)Black, Euro-African, or African American

71 (83)72 (79)68 (75)White only

0 (0)1 (1)1 (1)White and Hispanic or Latino

1 (1)0 (0)0 (0)White, Black or African American, American Indian or
Alaskan Native

Highest level of education, n (%)

0 (0)0 (0)3 (3)Elementary school

12 (14)17 (19)12 (13)High school

19 (22)18 (20)19 (21)Some college

11 (13)13 (14)16 (18)Vocational or technical school

25 (29)25 (27)24 (26)College graduate

19 (22)18 (20)16 (18)Postgraduate or professional

Living situation, n (%)

52 (60)49 (54)50 (55)Had significant other

53 (62)55 (60)52 (57)Live alone

20 (23)21 (23)18 (20)Had unplanned health service use, n (%)

70.13 (6.86)69.76 (7.39)69.49 (7.77)Age (years), mean (SD)

6.57 (2.55)6.54 (2.54)6.52 (2.31)Number of chronic conditions, mean (SD)

2.65 (2.27)2.69 (1.83)2.81 (2.29)Life stressors (range 0-14), mean (SD)

aET-LT: ElderTree laptop.
bET-SD: ElderTree smart display.

Effects of Study Arm on Changes Over Time in Primary
Outcomes
The central questions of this study were (1) whether delivering
the intervention on different platforms affected changes over
time in the primary outcomes of pain interference and
psychosocial quality of life, and (2) whether both intervention
arms would outperform the control group.

Pain Interference
Visualizations of the data indicated that, descriptively, the 3
study arms differed in baseline levels of pain interference
(despite randomization), with different patterns by gender.
Before examining the effects of study arm on changes over time,
we first examined whether these baseline differences were
significant. The results of 2-way ANOVAs predicting baseline
pain interference found no significant effects of study arm,
gender, or the gender×study arm interaction, comparing all 3
study arms (Table S1 in Multimedia Appendix 1). The analyses

described below focus on changes over time in pain interference
(ie, controlling for baseline scores), so initial differences would
have been incorporated. Nonetheless, it is useful to indicate that
the groups were statistically comparable at baseline despite
descriptively different levels.

We did not find a significant difference between ET-LT and
ET-SD for changes in pain interference over time (arm×time
interaction b=–0.11, 95% CI –1.07 to 0.85; P=.82). There was
also a nonsignificant difference between the combined
ET-LT+ET-SD groups and control for change in pain
interference over time (arm×time interaction b=–0.41, 95% CI
–1.23 to 0.41; P=.33).

Psychosocial Quality of Life
Visualizations of the data indicated that, descriptively, the 3
study arms differed in baseline levels of psychosocial quality
of life (despite randomization), with different patterns by gender.
Again, we began by examining whether these differences were
significant: they were not. Two-way ANOVAs predicting
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baseline psychosocial quality of life found no significant
differences by study arm (comparing all 3 arms or
ET-LT+ET-SD vs control), nor significant interactions between
study arm and gender. However, women scored significantly
higher than men (Table S1 in Multimedia Appendix 1).

There was no significant difference between ET-LT and ET-SD
for change in psychosocial quality of life over time (arm×time
interaction b=–0.21, 95% CI –0.96 to 0.55; P=.56). There was
also a nonsignificant difference between the combined
ET-LT+ET-SD groups and control in change in psychosocial
quality of life over time (arm×time interaction b=0.04, 95% CI
–0.61 to 0.69; P=.90).

Mediation of Effects of Study Arm
No mediation analyses were conducted on the primary outcomes
because the effects of study arm on these were nonsignificant.

Moderation of Effects of Study Arm
We examined whether the effects of study arm on changes over
time in the primary outcomes were moderated by gender,
number of chronic conditions, and barriers to technology use.

Gender and Changes in Pain Interference
Gender did not moderate the effect of ET-LT versus ET-SD on
changes over time in pain interference (b=–1.56, 95% CI –3.56
to 0.44; P=.13). However, as illustrated in Figure 3, gender did
moderate the effect of the combined ET-LT+ET-SD groups
versus control (b=1.91, 95% CI 0.11-3.71; P=.04). For women
(n=177), those in the combined ET-LT+ET-SD group showed
a significant decrease in pain interference over time (b=–0.69,
95% CI –1.29 to –0.10; P=.02) but those in the control group
showed no significant change (b=0.25, 95% CI –0.53 to 1.04;
P=.53). For men (n=91), those in the combined ET-LT+ET-SD
group showed a nonsignificant decrease (b=–0.67, 95% CI –1.47
to 0.14; P=.10); those in the control group showed a significant
decrease (b=–1.61, 95% CI –2.88 to –0.35; P=.01). However,
even the significant decreases did not meet the benchmark for
meaningful reductions. At 8 months, (controlling for baseline
scores) there were no significant differences between study arms
in pain interference for women (P=.10) or men (P=.27).

Figure 3. Predicted mean pain interference scores over time, stratified by gender.

Gender and Changes in Psychosocial Quality of Life
Gender did not moderate the effect of ET-LT versus ET-SD on
changes over time in psychosocial quality of life (b=1.27, 95%
CI –0.31 to 2.85; P=.12). However, as illustrated in Figure 4,
gender did moderate the effect of the combined ET-LT+ET-SD
group versus control (b=–1.59, 95% CI –3.01 to –0.17; P=.03).
For women, neither group showed significant changes over
time: ET-LT+ET-SD (b=0.32, 95% CI –0.15 to 0.79; P=.18)

and control (b=–0.21, 95% CI –0.36 to 1.64; P=.21). For men,
the ET-LT+ET-SD group showed a significant decrease in
psychosocial quality of life over time (b=–0.69, 95% CI –1.29
to –0.10; P=.02) whereas the control group remained stable
(b=0.64, 95% CI –0.36 to 1.64; P=.21). None of the changes
reached the benchmark for meaningful differences. At 8 months
(controlling for baseline scores), there were no significant
differences between study arms (control vs ET-LT vs ET-SD)
for women (P=.25) or men (P=.13).
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Figure 4. Predicted mean psychosocial quality of life scores over time, stratified by gender.

Other Moderators
To preview briefly, no additional moderation effects were
observed. Number of chronic conditions did not moderate the
effect of ET-LT versus ET-SD on changes over time in pain
interference (b=–0.16, 95% CI –0.63 to 0.31; P=.51) or
psychosocial quality of life (b=–0.32, 95% CI –0.70 to 0.06;
P=.10). Nor did it moderate the effect of the combined
ET-LT+ET-SD group versus control on changes over time in
pain interference (b=–0.01, 95% CI –0.39 to 0.36; P=.94) or
psychosocial quality of life (b=0.24, 95% CI –0.06 to 0.54;
P=.12).

Barriers to technology did not moderate the effect of ET-LT
versus ET-SD on changes over time in pain interference (b=0.97,
95% CI –1.20 to 3.15; P=.38) or psychosocial quality of life.
Nor did they moderate the effect of the combined
ET-LT+ET-SD group versus control on changes over time in
pain interference (b=–0.55, 95% CI –2.50 to 1.40; P=.58) or
psychosocial quality of life (b=0.28, 95% CI –1.27 to 1.84;
P=.72).

Summary of Effects of Study Arm on Secondary and
Exploratory Outcomes
As shown in Table S2 in Multimedia Appendix 1, there were
no significant differences between ET-LT and ET-SD, or
between the combined ET-LT+ET-SD groups versus control,
in changes over time for any other secondary outcomes: physical
quality of life, pain intensity, 30-day hospital readmissions,

health distress, well-being, loneliness, irritability, or
communication with physicians.

As shown in Table S3 in Multimedia Appendix 1, there were
also no differences for either set of comparisons in changes over
time for the exploratory outcomes of alcohol use, cigarette use,
and falls.

ElderTree Usage and Ratings Overall and by Platform

Usage
Overall, the weekly survey was the most used service for both
ET-LT and ET-SD. Weekly reminders by email and text
prompted participants to take the survey; it took only a few
minutes to complete and was easy to navigate on both platforms.

Other use patterns varied by platform. As shown in Table 2,
participants assigned to ET-LT (vs ET-SD) used ElderTree on
more days (Figure S1 in Multimedia Appendix 1 provides
estimates of hours of use). In months 1-4, ET-LT participants
used Elder Tree a mean of 28.47 (SD 19.28) days, compared
with ET-SD participants, who used it for a mean of 19.02 (SD
16.09) days. In months 5-8, ET-LT participants used it a mean
of 17.48 (SD 14.34) days, compared with ET-SD participants,
who used it a mean of 10.08 (SD 9.85) days. These differences
(approximately 1 week of use in each 4-month period) were
significant (incidence rate ratio [IRR] 0.60, 95% CI 0.48-0.75;
P<.001) and did not change in magnitude over time (IRR 0.85,
95% CI 0.71-1.02; P=.08).
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Table 2. Laptop versus smart display in use and perceptions of ElderTree.

Arm×time interactionMain effect of armSmart display
(n=86), mean (SD)

Laptop
(n=91),
mean (SD)

Outcome

P value95% CIEstimateP value95% CIEstimate

Days of ElderTree use

.270.84 to 1.861.25a.860.68 to 1.380.97a4.92 (8.00)4.95 (5.26)Pain modules

.0090.38 to 0.870.58a<.0010.13 to 0.260.18a2.39 (3.37)12.36 (14.4)Discussion
group

.010.12 to 0.740.29a<.0010.04 to 0.120.07a0.48 (0.89)4.20 (5.50)Health library

.51–1.12 to 2.230.56b<.001–6.12 to –2.52–4.32b10.18 (6.06)14.57 (6.89)weekly Survey

Perception of ElderTree

.52–0.10 to 0.190.05b<.001–0.66 to –0.25–0.46b2.59

0.65

3.02

0.58

ElderTree over-
all

.44–0.12 to 0.270.08b.01–0.59 to –0.08–0.33b2.44

0.78

2.72

0.74

Health benefits

.25–0.09 to 0.350.13b<.001–0.80 to –0.21–0.51b2.48

0.93

2.91

0.79

Socioemotional
benefits

.66–0.24 to 0.15–0.04b<.001–0.77 to –0.34–0.55b2.86

0.70

3.42

0.53

Ease of use

aIRR: incidence rate ratio (for count outcomes).
bRegression coefficient (for continuous outcomes).

In terms of participation in the weekly meetups, among
participants who remained in the study after meetups were
offered, 39% (28/74) of ET-LT users and 36% (20/64) of ET-SD
users attended at least once. In total, 48 participants (out of 138
possible) attended a meetup at least once (34.8%), and many
attended multiple times resulting in 639 meetup admissions. Of
those who participated each week, an average 70% (441/639)
were ET-LT users and 30% (198/639) were ET-SD users. Only
6 (out of 28) ET-LT users and 4 (out of 20) ET-SD users
attended but never contributed to the discussion during the
meetup beyond an initial greeting. Participants were encouraged
to participate, but it was not required if they felt more
comfortable just listening.

There was no difference between ET-LT and ET-SD in the
number of chronic pain modules started (overall mean 3.16 out
of 8, SD 2.76), but more modules were completed in the ET-LT
group (mean 2.63, SD 3.19) than in the ET-SD group (mean
1.74, SD 2.68; P=.04). There were no differences between
ET-LT and ET-SD groups in the likelihood of attending one of
the meetups (odds ratio [OR] 0.87, 95% CI 0.43-1.75; P=.71)
or contributing verbally at a meetup (OR 0.92, 95% CI
0.43-1.95; P=.83).

Ratings of ElderTree
As shown in Table 2, mean ratings for benefits of ElderTree
overall, health benefits, socioemotional benefits, and ease of
use were generally above the mid-point (1=not at all to 4=very
much). As Table 2 also shows, those in the ET-LT (vs ET-SD)
group gave significantly higher ratings (averaged across the 4-
and 8-month surveys) for all 4 measures. Significant arm×time

effects are illustrated in Figures S2 and S3 in Multimedia
Appendix 1.

Effects of ElderTree Usage and Perceptions on Primary
Outcomes
Given that we did not find significant overall study arm effects
on our primary outcomes, we examined whether ElderTree
usage and perceptions predicted change in our primary
outcomes. We calculated change scores for our primary
outcomes by subtracting baseline scores for each outcome from
the mean of that outcome across the 4- and 8-month assessments.
We regressed these change scores for primary outcomes on the
total number of days of ElderTree use and mean perceptions in
separate models for each predictor and outcome. We also
estimated separate models using either a combined sample with
both ElderTree platforms (ET-LT+ET-SD) or separate samples
for ET-LT and ET-SD. We did not apply any correction to P
values to address α inflation due to multiple testing. Neither
ElderTree usage nor any of the ElderTree perception scales
significantly predicted change in primary outcomes across these
30 exploratory analyses (ie, 2 outcomes×5 predictors×3 samples;
P=.10-.96).

Probing Possible Gender Differences in Uses
Although gender only moderated the effect of the combined
ET-LT+ET-SD versus control, we explored whether there were
gender differences in uses of ElderTree on the laptop versus
smart display. We averaged across the entire study period for
each person to simplify the models because models with time
included produced convergence errors. Gender did not alter the
differences between ET-LT and ET-SD for days of use (b=–0.21,
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95% CI 0.23-0.94; P=.34), hours of use (b=–0.42, 95% CI
0.29-1.43; P=.15), likelihood of attending a meetup (arm×gender
OR 0.90, 95% CI 0.18-4.27; P=.89), or talking at a meetup
(arm×gender OR 0.81, 95% CI 0.14-4.36; P=.81).

Qualitative Insights
Textbox 1 lists core themes and example comments about
perceived benefits of ElderTree. Health-related comments

referenced the value of the breathing and exercise videos,
increased awareness and knowledge of their conditions, and
learning from the pain modules. Participants also commented
on social connections, including the benefits of connecting with
others facing similar challenges. Several participants wrote
positively about platform affordances, with smart display users
discussing the benefits of voice access and laptop users
expressing a preference or interest in typing.

Textbox 1. Participant comments about perceived benefits: themes and examples. Codes are anonymized identifiers. Comments could reflect multiple
themes and were categorized accordingly. LT: laptop user; SD: smart display user.

Health-related uses and benefits of ElderTree

I liked the fact that it answered a lot of my questions easily and I have access to information and the breathing
techniques came in real handy. [SD AC53]

I learned so much on how to control and manage my pain! [SD AC65]

I now feel more in control of my physical problems and I'm more willing to try things I've learned in this study. [SD
CO14]

I like the Weekly Survey because it makes me record my blood pressure readings daily and keep myself well hydrated
daily! Plus keep a handle on my weight! [LT AC70]

I liked the 8 lessons I learned a lot and picked up some breathing exercises that helped my breathing.... lost 1/2 lung
to cancer 10 years ago. [LT EC67]

Even when I dont open the computer I do the breathing exercises, lift lite weights, and stand on one leg. I plan to
expand on this. I feel better and lost 6 lbs. What can be better than that. This program helped me achieve that…. feel
so much better and healthier. [LT YA10]

Social connections

I really enjoy the Tuesday meet ups. I don't do much of interest so listen but it helps me feel involved. [SD EC86]

I brought my report to my doctor and she said “you seem so much calmer…why do you think that may be?” I think
it’s because I’m in this study where I’m learning and seeing that I’m not alone… there are others experiencing similar
issues related to aging. [LT EC67]

I appreciate being able to talk to “real people” without needing to be the “perfect” senior. [LT HB11]
Other features and services of ElderTree

The games were a welcome diplatform sometimes. [SD CO14]

I liked… recipes, and playing some of the games. I also enjoyed doing some journaling. [LT EC15]
Platform benefits

What I like best about smart system is that I got to talk to it and it talk back. I was excited that it knew my name. [SD
YA06]

I liked to voice command because the worst of all my chronic pain is in my hands! [SD EC44]

Helps me learn how to type [LT AC66]
Other benefits of device

Could access weather, news, music, podcasts, etc. [SD AC14]

Beautiful photos and music [SD AC16]

I can look up a lot of info to help myself get motivated. That I can keep in touch with doctors. [LT AC66]

The laptop is so convenient to take on our trips…i use it everywhere. in the condo, motels and again at home. [LT
YA10]

Textbox 2 lists the core challenges and barriers referenced by
participants. Chief among them were technical difficulties,
including Wi-Fi connectivity issues and glitches, as well as
limitations and slowness of the dictation function on the smart
display. Relatedly, several participants wrote that they preferred
their other devices (eg, phone or laptop) or felt too unfamiliar

with their assigned device to use it often or effectively. Specific
to ElderTree, some participants reported finding the material
too easy or feeling that they were too young and healthy for the
intervention and could not relate to other participants. Additional
barriers included poor health and lack of time or motivation.
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Textbox 2. Participant comments about challenges: themes and examples. Codes are anonymized identifiers. Comments could reflect multiple themes
and were categorized accordingly. LT: laptop user; SD: smart display user.

Technical issues: Wi-Fi connectivity and ElderTree glitches

Every time (yes, every time) I used the ElderTree smart system, it couldn't stay connected to our Spectrum internet.
Same problem when it was connected to ElderTree/Google's internet. Had to constantly reboot and/or just give up
for that day. I was never able to connect to meetings with other participants. [SD CO14]

Lessons seemed difficult to complete in one session. Would be interrupted by “glitch” ie 2 pain lessons had to be
completed in 3 or 4 attempts often resulting in loss of interest. [SD EC25]

Was very disappointed in the Journaling feature – too slow – made it useless for me. [SD YA03]

Google smart device – the dictation system was useless. [SD EC175]

For some reason, computer runs very slow. Going back to read next, notice it seems to lock up. Sometimes I need to
log out and back in to get it to work. Then I just don't use it [LT YA46]

Unsure how to use device or navigate ElderTrees

I simply am not able to manage the device. Family members would respond with “Wow- you've got a...(thing)... began
trying it out - I could not follow their enthusiastic directions- and any possible lesson was gone in a flash. I would
call for help from the Tech Support number often. (I loved the pictures and time+temp). [SD EC84]

I am not very computer savvy. Took me awhile to navigate the various offerings (classes, library, etc). [LT EC67]
Did not like device (prefer other devices)

I am used to using a computer a lot. If I accessed ElderTree from a laptop rather than from the Google device I would
have used it a lot more because I am often on the computer. But, I would need to make a special effort to go on to the
Google device just for ElderTree [SD YA68]

Have the smart speaker. Don't like that I can't turn off the camera and audio separately, so I keep it turned off. [SD
EC33]

Content pitched at wrong level, community not ideal fit

Sessions were very slow. Exercises very basic. Would have been better to offer levels of difficulty. [LT EC105]

Consider grouping participants. It’s hard for me to relate to folks socially who live in care communities. [LT EC151]
Health issues

I have trouble with tremors, recently saw a neurologist and was told I am showing signs of Parkinsonisms. [LT EC194]

I had bronchitis and was too sick to use it for several weeks [SD HBO5]
Too busy with other things, under-motivated

I had other things, like reading books for 3 book groups I am in. [LT EC61]

I was often busy (taking a class, traveling, having guests, working on non-health life issues) and didn't spend consistent
time on ElderTree. This interfered or slowed down my ability to make habit changes that ElderTree helped me to
identify that were needed. Still working on these. [LT EC114]

Discussion

Overview
The goal of this large-sample, 8-month randomized controlled
trial was to test the hypothesis that a smart display would be
even better than a laptop for delivering a digital health
intervention to older adults with chronic pain and multiple other
chronic conditions. By “even better,” we meant that participants
randomized to use the intervention on the smart display, rather
than the laptop, would use it more and show greater
improvements over time in health-related outcomes. “Even
better” also involved a comparison with the control group: older
adults in both intervention arms were expected to show greater
improvements over time relative to those receiving treatment
as usual. As noted earlier, this appears to be one of the first
large, randomized controlled trials to assess these comparisons,
rather than focusing solely on feasibility and use. In discussing

the findings, we first address the health-related outcomes before
examining the use data and lessons learned.

First, in the sample as a whole, there were no significant
differences between the two ElderTree platforms (laptop vs
smart display) with respect to changes over time in any of the
primary, secondary, or exploratory health-related outcomes.
Second, there were no significant differences between the
combined ElderTree group (laptop+smart display) and the
control group on changes over time in any of the primary,
secondary, or exploratory outcomes. Moreover, exploratory
analyses did not detect any relationship between days of use or
perceptions of ElderTree (whether combined across platforms
or separately) and change in either primary outcomes. In other
words, participants who used ElderTree more frequently or
reported more positive perceptions of either platform did not
show greater improvement in pain interference or psychosocial
quality of life. However, our coarse measure of total days of
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use may have been too coarse to detect meaningful differences
based on usage.

The moderation analyses found no differences between ET-LT
and ET-SD on any health-related outcomes for any of the
hypothesized subgroups, including participants who reported
few barriers to using their assigned platform. Although it was
intuitive to expect that laptops would be superior for participants
who found it easiest to type and read, and that smart displays
would be superior for those who found it easiest to dictate and
listen, we did not observe these patterns, even though a few
participants mentioned appreciating their particular platform
for precisely these reasons (Textbox 1).

For the comparison of the combined ElderTree group
(ET-LT+ET-SD) versus control, only gender—not number of
chronic conditions or reported barriers to use—was a significant
moderator. Although the moderation results were somewhat
complex, the overall takeaway is straightforward. Women
showed the sole positive effect of ElderTree in the combined
group, with a significant reduction in pain interference over
time. Men showed the sole negative effect, with a significant
decrease in psychosocial quality of life.

We found a similar gender difference in a previous trial of an
earlier ElderTree version (focused on multiple chronic
conditions), in which women—but not men—showed significant
benefits of ElderTree versus an attention control on psychosocial
quality of life and psychological well-being [49]. Given
meta-analytic evidence that women tend to give and receive
more social support online than men [63] we considered whether
women in both studies engaged more with the discussion boards
(and, in this study, with the meetups). In fact, in both studies,
there were no differences between men and women in the
amount or type of ElderTree use. Another possibility is that
women benefited from the fact that there were more female than
male participants in both studies (reflecting the demographics
of this age group), so they likely experienced more same-sex
interactions on ElderTree than men. Notably, however, when
we offered same-sex discussion groups in the first iteration of
ElderTree, participants made little use of them, instead
converging on the shared discussion groups. Ultimately, we are
reluctant to overinterpret the current gender differences, given
that neither of the significant changes reached benchmarks for
meaningful effects and that there were no significant differences
between men and women by the end of the trial. We interpret
the current findings as indicating that neither men nor women
showed a meaningful effect of ElderTree, but future
interventions should engage more men (as well as women)
during development phase and in qualitative interviews to gain
deeper insights into possible differences.

Why was our pain-focused intervention largely ineffective? As
described in the Introduction, previous online interventions for
chronic pain have typically found small effects unless
participants’ progress was guided by a clinician [38,39]. Our
intervention was not clinician-guided, given the goal of creating
a readily scalable program, and unlike previous online
interventions for chronic pain, we targeted older adults
concurrently managing multiple other chronic conditions. We
hypothesized that ElderTree’s combination of educational

modules, discussion board and meetups, and other resources
(eg, meditation and exercise videos, health library, and
journaling) would yield positive results, particularly if offered
on smart displays that could facilitate voice-activated
engagement. We can identify at least 3 reasons for the overall
lack of effects, in addition to the absence of clinician guidance
and the complex health challenges of our older adult
participants.

First, although we tried to make the modules engaging (eg, by
adding inclusive images and short quizzes to highlight key
points), the static slides with audio format and length (13-22
minutes), combined with some participants’ difficulties with
Wi-Fi connectivity and device glitches (Textbox 2), may have
contributed to low use of that content. Second, use and effects
of ElderTree may have been diminished by the context of the
COVID-19 pandemic, not only because of the amount and
urgency of other health-related information at the time, but also
because, as one participant noted, there was a hunger for
in-person rather than online interactions. Third, although the
PROMIS-29 and its subscales have been validated, it is possible
that the measures of pain interference (4 items) and psychosocial
quality of life (12 items) were not subtle enough to assess change
in these outcomes. Indeed, the reliance on self-report measures
rather than clinical assessments is an important limitation of
this study, though, given our primary focus on pain interference
and quality of life, this seemed appropriate. Future studies may
benefit from other measures, such as mobility and physical
function.

Why were days of use and ratings of ElderTree higher in the
laptop arm rather than in the smart display arm? We selected
the Google Nest Hub Max because its Google
Assistant–powered speech recognition, robust developer tools
(Google Action SDK), and built-in camera seemed ideal for a
voice‐first, multimedia intervention. In practice, however,
core ElderTree features did not translate well. Threaded
discussion, a core service of ElderTree that thrived on the laptop,
became cumbersome on the smart display. Voice dictation
forced users into short entries with repeated rerecording, so
discussion‐group participation plummeted. Likewise,
long‐form readings could not be scrolled or linked through
URLs because the device was not designed for text‐heavy
content.

The platform of smart display deployed in this study relied on
pre-LLM (large language model) dialogue technology. These
earlier systems had limited natural language capabilities,
required a wake word, and were difficult to navigate, especially
for users unfamiliar with command-based input. Additionally,
some participants were more familiar with laptops or other
devices like iPads or their phones than with smart displays.

We are currently concluding another randomized controlled
trial of a subsequent iteration of ElderTree (ET-Move, focused
on facilitating mobility in older adults with multiple chronic
conditions), also comparing laptops and smart displays as
platforms [64]. Based on the lessons of this study, we made
several changes. First, to boost engagement and leverage the
capabilities of the smart display, we shifted from text-based
content to videos. Both the smart display and laptop platforms
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offer many informational and movement videos. Most are under
5 minutes in length, and, except for the required safety videos,
can be accessed in any order preferred by the user. Second, we
shifted the emphasis away from pain to the gains achievable
from safe exercise. Third, as suggested by some users in this
study, we introduced different levels of content; ET-Move offers
different types of exercise based on assessments of participants’
physical capabilities. Fourth, we incorporated meetups
throughout the study, to serve in part as a proxy for guidance.
During these meetups, participants and moderators perform a
simple set of exercises together, either before or after the social
and educational aspects of the session.

We can see additional avenues for improving future
interventions offered on smart displays. Most notably,
interventions should incorporate LLM-based voice agents with
natural, context-aware, and flexible dialogue. Such systems
could support open-ended interaction and reduce the cognitive
demands on users by eliminating the need for memorized
commands. As AI models continue to evolve, so does the
evidence base for their use in health interventions. A systematic
review of 21 randomized controlled trials of AI-driven chatbot
health interventions (thus far text-based rather than voice-driven
on smart displays) found varied impacts on physical activity,
functional abilities, adoption of healthier lifestyle habits,
understanding of their medical conditions, and improvements
in mental and psychosocial well-being [65]. A meta-analysis
of 32 studies involving AI conversational agent interventions
(also primarily text-based) showed statistically significant

short-term improvements across a range of mental health
outcomes, although long-term effects were generally
nonsignificant [66]. Empathic responsiveness, extended
interaction duration, and personal tailoring emerged as key
factors enhancing efficacy.

Indeed, a core lesson of this study was that future systems should
be tailored to user characteristics such as digital literacy and
comfort with technology. Ultimately, while a randomized
controlled trial examining platform or modality effects requires
participants to use the assigned device, the real-world use of
health interventions is likely enhanced by allowing access on
the devices most familiar and useful to the participants.
Moreover, for older adults who struggle to use the necessary
technologies, extended onboarding periods and repeated,
multimodal support are needed.

Overall, the results point to the challenges of using an online
system to address chronic pain in older adults with multiple
chronic conditions, particularly amid the challenges and stresses
of a global pandemic. Despite the current findings, it is
premature to declare that smart displays offer no benefit over
laptops, especially given rapid advances in AI-based capabilities.

Conclusion
We found little evidence of meaningful effects of our online
pain intervention for older adults with multiple chronic
conditions, whether delivered on a voice-interactive smart
display or on a laptop.

Acknowledgments
This study was funded by the Agency for Healthcare Research and Quality, United States Department of Health and Human
Services (1R18HS026853-01A1), and supported by the Clinical and Translational Science Award program through the National
Institutes of Health National Center for Advancing Translational Sciences (grant UL1TR002373). The content is solely the
responsibility of the authors and does not necessarily represent the official views of the National Institutes of Health. The authors
thank the research and technology staff at Comprehensive Health Enhancement Support Systems for their care and dedication to
all aspects of this project: Dave Gustafson Jr, Hannah Lehr, Sam Nowak, Olivia Vjorn, Katherine Wright, and Matthew Wright.

Data Availability
Following the completion of the final analysis, the datasets generated or analyzed during this study will be available from the
corresponding author upon reasonable request.

Conflicts of Interest
DHGS has a small shareholder interest in Comprehensive Health Enhancement Support Systems Health, a corporation that
develops health care technology for patients and family members struggling with addiction; this relationship is managed by DHGS
and the University of Wisconsin–Madison’s Conflict of Interest Committee. The authors have no other conflicts to report.

Multimedia Appendix 1
Additional information for outcome analyses.
[DOCX File , 50 KB-Multimedia Appendix 1]

Multimedia Appendix 2
CONSORT eHEALTH checklist V (1.6.1).
[PDF File (Adobe PDF File), 1072 KB-Multimedia Appendix 2]

References

JMIR Aging 2025 | vol. 8 | e75991 | p. 16https://aging.jmir.org/2025/1/e75991
(page number not for citation purposes)

Landucci et alJMIR AGING

XSL•FO
RenderX

https://jmir.org/api/download?alt_name=aging_v8i1e75991_app1.docx&filename=f5b68a71a86eaa0d6c862936ae93446f.docx
https://jmir.org/api/download?alt_name=aging_v8i1e75991_app1.docx&filename=f5b68a71a86eaa0d6c862936ae93446f.docx
https://jmir.org/api/download?alt_name=aging_v8i1e75991_app2.pdf&filename=f7d8890749ffb563e22409f9604c4a51.pdf
https://jmir.org/api/download?alt_name=aging_v8i1e75991_app2.pdf&filename=f7d8890749ffb563e22409f9604c4a51.pdf
http://www.w3.org/Style/XSL
http://www.renderx.com/


1. Stubbs B, Binnekade TT, Soundy A, Schofield P, Huijnen IPJ, Eggermont LHP. Are older adults with chronic musculoskeletal
pain less active than older adults without pain? A systematic review and meta-analysis. Pain Med. 2013;14(9):1316-1331.
[doi: 10.1111/pme.12154] [Medline: 23742160]

2. Wackström N, Koponen AM, Suominen S, Tarkka IM, Simonsen N. Does chronic pain hinder physical activity among
older adults with type 2 diabetes? Health Psychol Behav Med. 2020;8(1):362-382. [FREE Full text] [doi:
10.1080/21642850.2020.1807350] [Medline: 34040877]

3. Berryman C, Stanton TR, Jane Bowering K, Tabor A, McFarlane A, Lorimer Moseley G. Evidence for working memory
deficits in chronic pain: a systematic review and meta-analysis. Pain. 2013;154(8):1181-1196. [doi:
10.1016/j.pain.2013.03.002] [Medline: 23707355]

4. van der Leeuw G, Eggermont LHP, Shi L, Milberg WP, Gross AL, Hausdorff JM, et al. Pain and cognitive function among
older adults living in the community. J Gerontol A Biol Sci Med Sci. 2016;71(3):398-405. [FREE Full text] [doi:
10.1093/gerona/glv166] [Medline: 26433218]

5. Gustafson DH, Mares M, Johnston DC, Landucci G, Pe-Romashko K, Vjorn OJ, et al. Using smart displays to implement
an ehealth system for older adults with multiple chronic conditions: protocol for a randomized controlled trial. JMIR Res
Protoc. 2022;11(5):e37522. [FREE Full text] [doi: 10.2196/37522] [Medline: 35511229]

6. McCloud R, Perez C, Bekalu MA, Viswanath K. Using smart speaker technology for health and well-being in an older
adult population: pre-post feasibility study. JMIR Aging. 2022;5(2):e33498. [FREE Full text] [doi: 10.2196/33498] [Medline:
35532979]

7. Edwards KJ, Jones RB, Shenton D, Page T, Maramba I, Warren A, et al. The use of smart speakers in care home residents:
implementation study. J Med Internet Res. 2021;23(12):e26767. [FREE Full text] [doi: 10.2196/26767] [Medline: 34932010]

8. Davitt J, Brown J. Using voice and touchscreen controlled smart speakers to protect vulnerable clients in long-term care
facilities. Innov Aging. 2022;6(4):igac024. [FREE Full text] [doi: 10.1093/geroni/igac024] [Medline: 35712325]

9. Zhong R, Ma M, Zhou Y, Lin Q, Li L, Zhang N. User acceptance of smart home voice assistant: a comparison among
younger, middle-aged, and older adults. Univers Access Inf Soc. 2022:1-18. [FREE Full text] [doi:
10.1007/s10209-022-00936-1] [Medline: 36338377]

10. Werner L, Huang G, Pitts BJ. Smart speech systems: a focus group study on older adult user and non-user perceptions of
speech interfaces. Int J Hum Comput Interact. 2022;39(5):1149-1161. [doi: 10.1080/10447318.2022.2050541]

11. Desai S, Chin J. OK Google, let's learn: using voice user interfaces for informal self-regulated learning of health topics
among younger and older adults. 2023. Presented at: CHI '23: Proceedings of the 2023 CHI Conference on Human Factors
in Computing Systems; April 19, 2023:1-21; Hamburg.

12. Sin J, Munteanu C, Ramanand N, Rong TY. VUI influencers: how the media portrays voice user interfaces for older adults.
2021. Presented at: CUI '21: Proceedings of the 3rd Conference on Conversational User Interfaces; July 27, 2021:1-13;
Bilbao. URL: https://doi.org/10.1145/3469595.3469603 [doi: 10.1145/3469595.3469603]

13. Edwards KJ, Jones RB, Shenton D, Page T, Maramba I, Warren A, et al. The use of smart speakers in care home residents:
implementation study. J Med Internet Res. 2021;23(12):e26767. [FREE Full text] [doi: 10.2196/26767] [Medline: 34932010]

14. McCloud R, Perez C, Bekalu MA, Viswanath K. Using smart speaker technology for health and well-being in an older
adult population: Pre-post feasibility study. JMIR Aging. 2022;5(2):e33498. [FREE Full text] [doi: 10.2196/33498] [Medline:
35532979]

15. Kurokawa S, Urata M, Endo M, Yasuda T, Inoue A. Development of a smart speaker application to promote continuous
exercise in the elderly. 2023. Presented at: 2023 IEEE 12th Global Conference on Consumer Electronics (GCCE); October
10-13, 2023:527-531; Nara. URL: https://ieeexplore.ieee.org/stamp/stamp.jsp?arnumber=10315332

16. Zhong R, Ma M, Zhou Y, Lin Q, Li L, Zhang N. User acceptance of smart home voice assistant: a comparison among
younger, middle-aged, and older adults. Univers Access Inf Soc. 2024;23:275-292. [doi: 10.1007/s10209-022-00936-1]

17. Werner L, Huang G, Pitts BJ. Automated speech recognition systems and older adults: a literature review and synthesis.
Proc Hum Factors Ergon Soc Annu Meet. 2019;63(1):42-46. [FREE Full text] [doi: 10.1177/1071181319631121]

18. Werner L, Huang G, Pitts BJ. Smart speech systems: a focus group study on older adult user and non-user perceptions of
speech interfaces. Int J Hum Comput Interact. 2022;39(5):1149-1161. [FREE Full text] [doi:
10.1080/10447318.2022.2050541]

19. Pradhan A, Lazar A, Findlater L. Use of intelligent voice assistants by older adults with low technology use. ACM Trans
Comput-Hum Interact. 2020;27(4):1-27. [FREE Full text] [doi: 10.1145/3373759]

20. Arnold A, Kolody S, Comeau A, Miguel Cruz A. What does the literature say about the use of personal voice assistants in
older adults? A scoping review. Disabil Rehabil Assist Technol. 2024;19(1):100-111. [doi: 10.1080/17483107.2022.2065369]
[Medline: 35459429]

21. Jones VK, Yan C, Shade MY, Boron JB, Yan Z, Heselton HJ, et al. Reducing loneliness and improving social support
among older adults through different modalities of personal voice assistants. Geriatrics (Basel). 2024;9(2):22. [FREE Full
text] [doi: 10.3390/geriatrics9020022] [Medline: 38525739]

22. Park S, Kim B. The impact of everyday AI-based smart speaker use on the well-being of older adults living alone. Technology
in Society. 2022;71:102133. [FREE Full text] [doi: 10.1016/j.techsoc.2022.102133]

JMIR Aging 2025 | vol. 8 | e75991 | p. 17https://aging.jmir.org/2025/1/e75991
(page number not for citation purposes)

Landucci et alJMIR AGING

XSL•FO
RenderX

http://dx.doi.org/10.1111/pme.12154
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23742160&dopt=Abstract
https://www.tandfonline.com/doi/10.1080/21642850.2020.1807350?url_ver=Z39.88-2003&rfr_id=ori:rid:crossref.org&rfr_dat=cr_pub  0pubmed
http://dx.doi.org/10.1080/21642850.2020.1807350
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34040877&dopt=Abstract
http://dx.doi.org/10.1016/j.pain.2013.03.002
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23707355&dopt=Abstract
https://europepmc.org/abstract/MED/26433218
http://dx.doi.org/10.1093/gerona/glv166
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26433218&dopt=Abstract
https://www.researchprotocols.org/2022/5/e37522/
http://dx.doi.org/10.2196/37522
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=35511229&dopt=Abstract
https://aging.jmir.org/2022/2/e33498/
http://dx.doi.org/10.2196/33498
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=35532979&dopt=Abstract
https://www.jmir.org/2021/12/e26767/
http://dx.doi.org/10.2196/26767
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34932010&dopt=Abstract
https://europepmc.org/abstract/MED/35712325
http://dx.doi.org/10.1093/geroni/igac024
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=35712325&dopt=Abstract
https://europepmc.org/abstract/MED/36338377
http://dx.doi.org/10.1007/s10209-022-00936-1
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=36338377&dopt=Abstract
http://dx.doi.org/10.1080/10447318.2022.2050541
https://doi.org/10.1145/3469595.3469603
http://dx.doi.org/10.1145/3469595.3469603
https://www.jmir.org/2021/12/e26767/
http://dx.doi.org/10.2196/26767
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34932010&dopt=Abstract
https://aging.jmir.org/2022/2/e33498/
http://dx.doi.org/10.2196/33498
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=35532979&dopt=Abstract
https://ieeexplore.ieee.org/stamp/stamp.jsp?arnumber=10315332
http://dx.doi.org/10.1007/s10209-022-00936-1
https://doi.org/10.1177/1071181319631121
http://dx.doi.org/10.1177/1071181319631121
https://doi.org/10.1080/10447318.2022.2050541
http://dx.doi.org/10.1080/10447318.2022.2050541
https://doi.org/10.1145/3373759
http://dx.doi.org/10.1145/3373759
http://dx.doi.org/10.1080/17483107.2022.2065369
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=35459429&dopt=Abstract
https://www.mdpi.com/resolver?pii=geriatrics9020022
https://www.mdpi.com/resolver?pii=geriatrics9020022
http://dx.doi.org/10.3390/geriatrics9020022
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=38525739&dopt=Abstract
https://doi.org/10.1016/j.techsoc.2022.102133
http://dx.doi.org/10.1016/j.techsoc.2022.102133
http://www.w3.org/Style/XSL
http://www.renderx.com/


23. Nayak A, Vakili S, Nayak K, Nikolov M, Chiu M, Sosseinheimer P, et al. Use of voice-based conversational artificial
intelligence for basal insulin prescription management among patients with type 2 diabetes: a randomized clinical trial.
JAMA Netw Open. 2023;6(12):e2340232. [FREE Full text] [doi: 10.1001/jamanetworkopen.2023.40232] [Medline:
38039007]

24. Kim D. Can healthcare apps and smart speakers improve the health behavior and depression of older adults? A
quasi-experimental study. Front Digit Health. 2023;5:1117280. [FREE Full text] [doi: 10.3389/fdgth.2023.1117280]
[Medline: 36910571]

25. Lucas JW, Sohi I. Chronic pain and high-impact chronic pain in U.S. adults, 2023. NCHS Data Brief. 2024;(518):CS355235.
[doi: 10.15620/cdc/169630] [Medline: 39751180]

26. De La Rosa JS, Brady BR, Ibrahim MM, Herder KE, Wallace JS, Padilla AR, et al. Co-occurrence of chronic pain and
anxiety/depression symptoms in U.S. adults: prevalence, functional impacts, and opportunities. Pain. 2024;165(3):666-673.
[FREE Full text] [doi: 10.1097/j.pain.0000000000003056] [Medline: 37733475]

27. Foley HE, Knight JC, Ploughman M, Asghari S, Audas R. Association of chronic pain with comorbidities and health care
utilization: a retrospective cohort study using health administrative data. Pain. 2021;162(11):2737-2749. [doi:
10.1097/j.pain.0000000000002264] [Medline: 33902092]

28. McQueenie R, Jani BD, Siebert S, McLoone P, McCowan C, Macdonald S, et al. Prevalence of chronic pain in LTCs and
multimorbidity: a cross-sectional study using UK Biobank. J Multimorb Comorb. 2021;11:26335565211005870. [FREE
Full text] [doi: 10.1177/26335565211005870] [Medline: 35004337]

29. Nakad L, Booker S, Gilbertson-White S, Shaw C, Chi N, Herr K. Pain and multimorbidity in late life. Curr Epidemiol Rep.
2020;7(1):1-8. [doi: 10.1007/s40471-020-00225-6]

30. Eckerblad J, Theander K, Ekdahl A, Unosson M, Wirehn A, Milberg A, et al. Symptom burden in community-dwelling
older people with multimorbidity: a cross-sectional study. BMC Geriatr. 2015;15:1. [FREE Full text] [doi:
10.1186/1471-2318-15-1] [Medline: 25559550]

31. Neba RA, Wang H, Kolala M, Sambamoorthi U. Multimorbidity and chronic pain management with opioids and other
therapies among adults in the United States: a cross-sectional study. J Multimorb Comorb. 2024;14:26335565241237889.
[FREE Full text] [doi: 10.1177/26335565241237889] [Medline: 38454920]

32. Schneider J, Algharably EAE, Budnick A, Wenzel A, Dräger D, Kreutz R. High prevalence of multimorbidity and
polypharmacy in elderly patients with chronic pain receiving home care are associated with multiple medication-related
problems. Front Pharmacol. 2021;12:686990. [FREE Full text] [doi: 10.3389/fphar.2021.686990] [Medline: 34168565]

33. Marupuru S, Axon DR. Association of multimorbidity on healthcare expenditures among older united states adults with
pain. J Aging Health. 2021;33(9):741-750. [doi: 10.1177/08982643211011841] [Medline: 33881371]

34. Runge N, Ahmed I, Saueressig T, Perea J, Labie C, Mairesse O, et al. The bidirectional relationship between sleep problems
and chronic musculoskeletal pain: a systematic review with meta-analysis. Pain. 2024;165(11):2455-2467. [doi:
10.1097/j.pain.0000000000003279] [Medline: 38809241]

35. Gao S, Zhou H, Luo S, Cai X, Ye F, He Q, et al. Investigating the causal relationship between physical activity and chronic
back pain: a bidirectional two-sample mendelian randomization study. Front Genet. 2021;12:758639. [FREE Full text]
[doi: 10.3389/fgene.2021.758639] [Medline: 34987546]

36. Brain K, Burrows TL, Bruggink L, Malfliet A, Hayes C, Hodson FJ, et al. Diet and chronic non-cancer pain: the state of
the art and future directions. J Clin Med. 2021;10(21):5203. [FREE Full text] [doi: 10.3390/jcm10215203] [Medline:
34768723]

37. Werneck AO, Stubbs B. Bidirectional relationship between chronic pain and depressive symptoms in middle-aged and
older adults. Gen Hosp Psychiatry. 2024;89:49-54. [doi: 10.1016/j.genhosppsych.2024.05.007] [Medline: 38761582]

38. Gandy M, Pang ST, Scott AJ, Heriseanu AI, Bisby MA, Dudeney J, et al. Internet-delivered cognitive and behavioural
based interventions for adults with chronic pain: a systematic review and meta-analysis of randomized controlled trials.
Pain. 2022;163(10):e1041-e1053. [doi: 10.1097/j.pain.0000000000002606] [Medline: 35121696]

39. Terpstra JA, van der Vaart R, van Beugen S, van Eersel RA, Gkika I, Erdős D, et al. Guided internet-based
cognitive-behavioral therapy for patients with chronic pain: a meta-analytic review. Internet Interv. 2022;30:100587. [FREE
Full text] [doi: 10.1016/j.invent.2022.100587] [Medline: 36406977]

40. Baumeister H, Paganini S, Sander L, Lin J, Schlicker S, Terhorst Y, et al. Effectiveness of a guided internet- and mobile-based
intervention for patients with chronic back pain and depression (WARD-BP): a multicenter, pragmatic randomized controlled
trial. Psychother Psychosom. 2021;90(4):255-268. [doi: 10.1159/000511881] [Medline: 33321501]

41. Buhrman M, Syk M, Burvall O, Hartig T, Gordh T, Andersson G. Individualized guided internet-delivered cognitive-behavior
therapy for chronic pain patients with comorbid depression and anxiety: a randomized controlled trial. Clin J Pain.
2015;31(6):504-516. [doi: 10.1097/AJP.0000000000000176] [Medline: 25380222]

42. Hedman-Lagerlöf M, Hedman-Lagerlöf E, Axelsson E, Ljótsson B, Engelbrektsson J, Hultkrantz S, et al. Internet-delivered
exposure therapy for fibromyalgia: a randomized controlled trial. Clin J Pain. 2018;34(6):532-542. [doi:
10.1097/AJP.0000000000000566] [Medline: 29077623]

JMIR Aging 2025 | vol. 8 | e75991 | p. 18https://aging.jmir.org/2025/1/e75991
(page number not for citation purposes)

Landucci et alJMIR AGING

XSL•FO
RenderX

https://europepmc.org/abstract/MED/38039007
http://dx.doi.org/10.1001/jamanetworkopen.2023.40232
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=38039007&dopt=Abstract
https://europepmc.org/abstract/MED/36910571
http://dx.doi.org/10.3389/fdgth.2023.1117280
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=36910571&dopt=Abstract
http://dx.doi.org/10.15620/cdc/169630
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=39751180&dopt=Abstract
https://europepmc.org/abstract/MED/37733475
http://dx.doi.org/10.1097/j.pain.0000000000003056
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=37733475&dopt=Abstract
http://dx.doi.org/10.1097/j.pain.0000000000002264
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33902092&dopt=Abstract
https://journals.sagepub.com/doi/10.1177/26335565211005870?url_ver=Z39.88-2003&rfr_id=ori:rid:crossref.org&rfr_dat=cr_pub  0pubmed
https://journals.sagepub.com/doi/10.1177/26335565211005870?url_ver=Z39.88-2003&rfr_id=ori:rid:crossref.org&rfr_dat=cr_pub  0pubmed
http://dx.doi.org/10.1177/26335565211005870
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=35004337&dopt=Abstract
http://dx.doi.org/10.1007/s40471-020-00225-6
https://bmcgeriatr.biomedcentral.com/articles/10.1186/1471-2318-15-1
http://dx.doi.org/10.1186/1471-2318-15-1
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25559550&dopt=Abstract
https://europepmc.org/abstract/MED/38454920
http://dx.doi.org/10.1177/26335565241237889
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=38454920&dopt=Abstract
https://europepmc.org/abstract/MED/34168565
http://dx.doi.org/10.3389/fphar.2021.686990
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34168565&dopt=Abstract
http://dx.doi.org/10.1177/08982643211011841
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33881371&dopt=Abstract
http://dx.doi.org/10.1097/j.pain.0000000000003279
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=38809241&dopt=Abstract
https://europepmc.org/abstract/MED/34987546
http://dx.doi.org/10.3389/fgene.2021.758639
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34987546&dopt=Abstract
https://www.mdpi.com/resolver?pii=jcm10215203
http://dx.doi.org/10.3390/jcm10215203
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34768723&dopt=Abstract
http://dx.doi.org/10.1016/j.genhosppsych.2024.05.007
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=38761582&dopt=Abstract
http://dx.doi.org/10.1097/j.pain.0000000000002606
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=35121696&dopt=Abstract
https://linkinghub.elsevier.com/retrieve/pii/S2214-7829(22)00094-X
https://linkinghub.elsevier.com/retrieve/pii/S2214-7829(22)00094-X
http://dx.doi.org/10.1016/j.invent.2022.100587
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=36406977&dopt=Abstract
http://dx.doi.org/10.1159/000511881
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33321501&dopt=Abstract
http://dx.doi.org/10.1097/AJP.0000000000000176
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25380222&dopt=Abstract
http://dx.doi.org/10.1097/AJP.0000000000000566
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29077623&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/


43. Lorig KR, Ritter PL, Laurent DD, Plant K. The internet-based arthritis self-management program: a one-year randomized
trial for patients with arthritis or fibromyalgia. Arthritis Rheum. 2008;59(7):1009-1017. [doi: 10.1002/art.23817] [Medline:
18576310]

44. Burke D, Lennon O, Blake C, Nolan M, Barry S, Smith E, et al. An internet-delivered cognitive behavioural therapy pain
management programme for spinal cord injury pain: a randomized controlled trial. Eur J Pain. 2019;23(7):1264-1282. [doi:
10.1002/ejp.1402] [Medline: 31002442]

45. Miller J, MacDermid JC, Walton DM, Richardson J. Chronic pain self-management support with pain science education
and exercise (COMMENCE) for people with chronic pain and multiple comorbidities: a randomized controlled trial. Arch
Phys Med Rehabil. 2020;101(5):750-761. [doi: 10.1016/j.apmr.2019.12.016] [Medline: 32004517]

46. Yih ET, Silver JK. Letter to the editor on "Chronic pain self-management support with pain science education and exercise
(COMMENCE) for people with chronic pain and multiple comorbidities: a randomized controlled trial". Arch Phys Med
Rehabil. 2021;102(1):160-161. [FREE Full text] [doi: 10.1016/j.apmr.2020.06.032] [Medline: 32962799]

47. Gustafson DH, Mares M, Johnston DC, Mahoney JE, Brown RT, Landucci G, et al. A web-based ehealth intervention to
improve the quality of life of older adults with multiple chronic conditions: protocol for a randomized controlled trial. JMIR
Res Protoc. 2021;10(2):e25175. [FREE Full text] [doi: 10.2196/25175] [Medline: 33605887]

48. Gustafson DH, Maus A, Judkins J, Dinauer S, Isham A, Johnson R, et al. Using the NIATx model to implement user-centered
design of technology for older adults. JMIR Hum Factors. 2016;3(1):e2. [FREE Full text] [doi: 10.2196/humanfactors.4853]
[Medline: 27025985]

49. Ryan RM, Deci EL. Self-determination theory and the facilitation of intrinsic motivation, social development, and well-being.
Am Psychol. 2000;55(1):68-78. [doi: 10.1037//0003-066x.55.1.68] [Medline: 11392867]

50. Gustafson DH, Kornfield R, Mares M, Johnston DC, Cody OJ, Yang EF, et al. Effect of an eHealth intervention on older
adults' quality of life and health-related outcomes: a randomized clinical trial. J Gen Intern Med. 2022;37(3):521-530.
[FREE Full text] [doi: 10.1007/s11606-021-06888-1] [Medline: 34100234]

51. Gustafson DH, Mares M, Johnston D, Vjorn OJ, Curtin JJ, Landucci G, et al. An eHealth intervention to improve quality
of life, socioemotional, and health-related measures among older adults with multiple chronic conditions: randomized
controlled trial. JMIR Aging. 2024;7:e59588. [FREE Full text] [doi: 10.2196/59588] [Medline: 39642938]

52. Chronic conditions among Medicare beneficiaries: chartbook 2012 edition. U.S. Centers for Medicare & Medicaid Services.
2012. URL: https://www.cms.gov/research-statistics-data-and-systems/statistics-trends-and-reports/chronic-conditions/
downloads/2012chartbook.pdf [accessed 2024-07-14]

53. Gustafson DH, Maus A, Judkins J, Dinauer S, Isham A, Johnson R, et al. Using the NIATx model to implement user-centered
design of technology for older adults. JMIR Hum Factors. 2016;3(1):e2. [FREE Full text] [doi: 10.2196/humanfactors.4853]
[Medline: 27025985]

54. Gustafson DH, Mares M, Johnston DC, Mahoney JE, Brown RT, Landucci G, et al. A web-based eHealth intervention to
improve the quality of life of older adults with multiple chronic conditions: protocol for a randomized controlled trial. JMIR
Res Protoc. 2021;10(2):e25175. [FREE Full text] [doi: 10.2196/25175] [Medline: 33605887]

55. Hays RD, Bjorner JB, Revicki DA, Spritzer KL, Cella D. Development of physical and mental health summary scores from
the patient-reported outcomes measurement information system (PROMIS) global items. Qual Life Res. 2009;18(7):873-880.
[doi: 10.1007/s11136-009-9496-9] [Medline: 19543809]

56. Global Health Scoring Manual: A Brief Guide to Scoring the PROMIS Global Health Instruments. 2021. URL: https://www.
healthmeasures.net/images/PROMIS/manuals/Scoring_Manuals_/PROMIS_Global_Health_Scoring_Manual.pdf [accessed
2024-01-12]

57. Homco J, Rodriguez K, Bardach DR, Hahn EA, Morton S, Anderson D, et al. Variation and change over time in PROMIS-29
survey results among primary care patients with type 2 diabetes. J Patient Cent Res Rev. 2019;6(2):135-147. [FREE Full
text] [doi: 10.17294/2330-0698.1694] [Medline: 31414025]

58. Namkoong K, DuBenske LL, Shaw BR, Gustafson DH, Hawkins RP, Shah DV, et al. Creating a bond between caregivers
online: effect on caregivers' coping strategies. J Health Commun. 2012;17(2):125-140. [FREE Full text] [doi:
10.1080/10810730.2011.585687] [Medline: 22004055]

59. Levesque CS, Williams GC, Elliot D, Pickering MA, Bodenhamer B, Finley PJ. Validating the theoretical structure of the
Treatment Self-Regulation Questionnaire (TSRQ) across three different health behaviors. Health Educ Res.
2007;22(5):691-702. [doi: 10.1093/her/cyl148] [Medline: 17138613]

60. Sullivan MJL. The Pain Catastrophizing Scale: User Manual. Montreal. McGill University; 2009. URL: https://aspecthealth.
ca/wpcontent/uploads/2017/03/PCSManual_English1.pdf [accessed 2025-03-17]

61. Wallace D, Cooper NR, Sel A, Russo R. The social readjustment rating scale: updated and modernised. PLoS One.
2023;18(12):e0295943. [FREE Full text] [doi: 10.1371/journal.pone.0295943] [Medline: 38109368]

62. Goldberg SB, Kendall AD, Hirshberg MJ, Dahl CJ, Nahum-Shani I, Davidson RJ, et al. Is dosage of a meditation app
associated with changes in psychological distress? It depends on how you ask. Clin Psychol Sci. 2025;13(2):332-349. [doi:
10.1177/21677026241266567] [Medline: 40162042]

JMIR Aging 2025 | vol. 8 | e75991 | p. 19https://aging.jmir.org/2025/1/e75991
(page number not for citation purposes)

Landucci et alJMIR AGING

XSL•FO
RenderX

http://dx.doi.org/10.1002/art.23817
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=18576310&dopt=Abstract
http://dx.doi.org/10.1002/ejp.1402
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31002442&dopt=Abstract
http://dx.doi.org/10.1016/j.apmr.2019.12.016
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32004517&dopt=Abstract
https://europepmc.org/abstract/MED/32962799
http://dx.doi.org/10.1016/j.apmr.2020.06.032
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32962799&dopt=Abstract
https://www.researchprotocols.org/2021/2/e25175/
http://dx.doi.org/10.2196/25175
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33605887&dopt=Abstract
https://humanfactors.jmir.org/2016/1/e2/
http://dx.doi.org/10.2196/humanfactors.4853
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27025985&dopt=Abstract
http://dx.doi.org/10.1037//0003-066x.55.1.68
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=11392867&dopt=Abstract
https://europepmc.org/abstract/MED/34100234
http://dx.doi.org/10.1007/s11606-021-06888-1
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34100234&dopt=Abstract
https://aging.jmir.org/2024//e59588/
http://dx.doi.org/10.2196/59588
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=39642938&dopt=Abstract
https://www.cms.gov/research-statistics-data-and-systems/statistics-trends-and-reports/chronic-conditions/downloads/2012chartbook.pdf
https://www.cms.gov/research-statistics-data-and-systems/statistics-trends-and-reports/chronic-conditions/downloads/2012chartbook.pdf
https://humanfactors.jmir.org/2016/1/e2/
http://dx.doi.org/10.2196/humanfactors.4853
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27025985&dopt=Abstract
https://www.researchprotocols.org/2021/2/e25175/
http://dx.doi.org/10.2196/25175
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33605887&dopt=Abstract
http://dx.doi.org/10.1007/s11136-009-9496-9
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19543809&dopt=Abstract
https://www.healthmeasures.net/images/PROMIS/manuals/Scoring_Manuals_/PROMIS_Global_Health_Scoring_Manual.pdf
https://www.healthmeasures.net/images/PROMIS/manuals/Scoring_Manuals_/PROMIS_Global_Health_Scoring_Manual.pdf
https://europepmc.org/abstract/MED/31414025
https://europepmc.org/abstract/MED/31414025
http://dx.doi.org/10.17294/2330-0698.1694
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31414025&dopt=Abstract
https://europepmc.org/abstract/MED/22004055
http://dx.doi.org/10.1080/10810730.2011.585687
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22004055&dopt=Abstract
http://dx.doi.org/10.1093/her/cyl148
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=17138613&dopt=Abstract
https://aspecthealth.ca/wpcontent/uploads/2017/03/ PCSManual_English1.pdf
https://aspecthealth.ca/wpcontent/uploads/2017/03/ PCSManual_English1.pdf
https://dx.plos.org/10.1371/journal.pone.0295943
http://dx.doi.org/10.1371/journal.pone.0295943
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=38109368&dopt=Abstract
http://dx.doi.org/10.1177/21677026241266567
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=40162042&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/


63. Meaningful Change for PROMIS® :Estimates for the Magnitude of Change that Corresponds to “Important” Change
Depend on if You Are Comparing Groups or Monitoring an Individual. URL: https://www.healthmeasures.net/
score-and-interpret/interpret-scores/promis/meaningful-change [accessed 2022-02-15]

64. Cohen J. Statistical Power Analysis for the Behavioral Sciences. 2nd Edition. Hillside. Lawrence Erlbaum Associates;
1988.

65. Tifferet S. Gender differences in social support on social network sites: a meta-analysis. Cyberpsychol Behav Soc Netw.
2020;23(4):199-209. [doi: 10.1089/cyber.2019.0516] [Medline: 32096662]

66. Gustafson D, Mares M, Johnston D, Curtin J, Pe-Romashko K, Landucci G. Comparison of smart display versus laptop
platforms for an eHealth intervention to improve functional health for older adults with multiple chronic conditions: protocol
for a randomized clinical trial. JMIR Res Protoc. 2025;14:e64449. [FREE Full text] [doi: 10.2196/64449] [Medline:
40080672]

Abbreviations
AI: artificial intelligence
ET-LT: ElderTree laptop
ET-SD: ElderTree smart display
IRR: incidence rate ratio
LLM: large language model
OR: odds ratio
PROMIS-29: Patient-Reported Outcomes Measurement Information System 29-item profile
UW: University of Wisconsin

Edited by P Jansons; submitted 01.May.2025; peer-reviewed by N Lukkahatai, F Yeh; comments to author 10.Jun.2025; revised
version received 12.Sep.2025; accepted 16.Sep.2025; published 18.Nov.2025

Please cite as:
Landucci G, Gustafson Sr DH, Mares M-L, Pe-Romashko K, Curtin JJ, Hu Y, Maus A, Thompson K, Saunders S, Brown K, Woodburn
J, Mutlu B
Using Smart Displays to Implement an eHealth System for Older Adults With Multiple Chronic Conditions: Randomized Controlled
Trial
JMIR Aging 2025;8:e75991
URL: https://aging.jmir.org/2025/1/e75991
doi: 10.2196/75991
PMID: 40961249

©Gina Landucci, David H Gustafson Sr, Marie-Louise Mares, Klaren Pe-Romashko, John J Curtin, Yaxin Hu, Adam Maus,
Kasey Thompson, Sydney Saunders, Kaitlyn Brown, Judith Woodburn, Bilge Mutlu. Originally published in JMIR Aging
(https://aging.jmir.org), 18.Nov.2025. This is an open-access article distributed under the terms of the Creative Commons
Attribution License (https://creativecommons.org/licenses/by/4.0/), which permits unrestricted use, distribution, and reproduction
in any medium, provided the original work, first published in JMIR Aging, is properly cited. The complete bibliographic
information, a link to the original publication on https://aging.jmir.org, as well as this copyright and license information must be
included.

JMIR Aging 2025 | vol. 8 | e75991 | p. 20https://aging.jmir.org/2025/1/e75991
(page number not for citation purposes)

Landucci et alJMIR AGING

XSL•FO
RenderX

https://www.healthmeasures.net/score-and-interpret/interpret-scores/promis/meaningful-change
https://www.healthmeasures.net/score-and-interpret/interpret-scores/promis/meaningful-change
http://dx.doi.org/10.1089/cyber.2019.0516
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32096662&dopt=Abstract
https://www.researchprotocols.org/2025//e64449/
http://dx.doi.org/10.2196/64449
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=40080672&dopt=Abstract
https://aging.jmir.org/2025/1/e75991
http://dx.doi.org/10.2196/75991
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=40961249&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

